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Chuong 1
PHUONG PHAP NGHIEN CUU TRONG LAM HQC

1.1. Nhing kiéu nghién ciru trong 1am hoc

Lam hoc la khoa hoc nghién ciru rung va su twong tac gilta rung véi moéi
truong séng cua chung, cac quy luat tai sinh rung, nhirng dac tinh cta quan thé va
quan x3 cdy gd, dong thai bién d6i cua rimg theo khong gian va thoi gian, phan loai
rung.

Pé hiéu vé doi sdng cua cac loai cay gd va ring, 14m hoc str dung hai kiéu
nghién ctu. Kiéu thir nhat 1a nghién ciru sinh thai ca thé. Kiéu nay nghién cau su
tuong tac gitta mot 10ai cay gd voi mdi truong séng cia nd. Kiéu tha hai 1a nghién
ctru sinh thai quan thé. Kiéu nay nghién ctu sy tuong tac gitta nhiéu 10ai cay gb voi
moi trudng sdng cua ching. Trén pham vi khéng gian rong 16n, 1am hoc ciing st
dung nhimg phuong phap nghién ctru trong sinh thai canh quan dé nghién ciu céc
kiéu rimg va cac mdi quan hé giita chung voi méi trudng. Két qua cua nhing
nghién cttu canh quan gitp cho nha 1am hoc phan loai rirng va xay dung nhirng
phuong thirc 1am sinh.

Hau hét nhimg nghién ctru sinh thai quan thé chi tap trung vao nghién ctru
quan xa thuc vat rung (QXTV). Boi vi cay go cung cap cho con nguoi nhleu gia tri
nhat, nén 1am hoc chi tip trung nghién ciru nhitng quan x3 cay g0 hay quan thu. Tt
ca nhitng nghién ciru nay dua trén phén tich canh quan rimg. Chang han: Phan loai
tham thuc vat va phan loai dét c6 thé dugc sir dung dé phan loai canh quan rimg. Dé
nghién ctru canh quan rimg, 1am hoc khdng chi sir dung nhiing kién thirc 1am hoc,
ma con ca nhitng kién thirc vé khi hau, dia chat, dia 1y, sinh hoc va dat...

Ranh gi6i giita sinh thai quan thé va sinh thai ca thé 1a khong 1 rang. Piéu
nay duoc giai thich 1a do mot s tham thyc vat chi dugc hinh thanh tir mot sb loai
cay gb hoac chi mot loai cay gd. Vi thé, khi nghién ctu nhitng tham thuc vat nay,
chiing ta cd thé dinh nghia tham thuc vat hodc 1a quan thé hoic 1a quan xa. Néu muc
tiéu nghién ctru 1a phan loai tham thuc vat, thi viéc nghién ciru nay la nghién ctru
sinh thai quan xa. Néu muc tiéu nghién cau 13 x4c dinh dic tinh sinh thai cia mot sb
loai ciy gd trong nhitng hé sinh thai khac nhau, thi d6 13 nghién ctru sinh thai hé
sinh thai hay nghién ctru canh quan rimg. Néu muc tiéu nghién ciu 1a xac dinh
nhing tham sé sinh thai (bién d6 sinh thai, t6i wu sinh thai, pham vi chong chiu) ddi
v6i mot loai cay gb nao do, thi nghién ciru nay 1a nghién cau sinh théi ca thé.



1.2. Cac buéc co ban trong nghién ciru 1am hoc

Budc dau tién cua nghién ctru 1a xay dung hé thdng nhitng ciu hoi can phai
trd 101, cdc muc ti€u nghién ctru va cac gia thuyét nghién ciru. Ké dén 1a xac dinh
nhirng cach thire va phuong phap nghién ciu. Cudi cung 13 xac dinh phuong phap
phan tich s liéu, tom tét va giai thich két qua nghién ctru.

Rumg la h¢ sinh thai rat phuc tap. Tinh phirc tap biéu hién & chd rimg bao
gdm rat nhiéu thanh phan (khi hau, dia hinh, dét, cay g, cdy bui, tham co, hé dong
vat va hé vi sinh vat...) voi nhitng dic tinh rit khac nhau. Ring phan bd trén khong
gian rong lon va kho di lai. Rung khong chi bao gff)m rumg tu nhién voi nhiéu loai
cay go khac nhau, ma con ca rung nhan tao. Pé hiéu rd nhiing déc tinh cua cay go
va rung va mdi quan hé gitta chung voi moi truong, 1am hoc can phai thu thap rat
nhiéu s liéu khac nhau. Phan 16n s6 liéu chi duge thu thap bang phuong phap quan
sat va mo ta. D& nhan dugc nhitng thong tin hitu ich va dang tin cdy, 1am hoc ciing
sir dung nhimg phuong phap nghién ctru thuc nghiém. Nghién ctu thuc nghiém
trong 1&m hoc la cong viéc rat kho khan, dic biét 1a & mac quan x4, hé sinh thai va
canh quan. Hau hét nhitng nghién citu & cac mac nay 1a mo ta. Muc do chinh xac
cua sb liéu tuy thudc vao ké hoach nghién ctru, noi thu mau (ddi twong thu mau) va
thoi gian thu mau. Boi vay, xac dinh chién luoc nghién ciru 1a mot van dé rat quan
trong. N6 khong chi gitp cho nha lam hoc tiét kiém thoi gian, nhan luc va kinh phi,
ma con thu dugc s6 lidu c6 thé giai thich dugc.

1.3. Nhirng cong cu nghién ciru trong lam hoc

Muc dich chinh cua cac nghién ctru trong 1am hoc 1a cung cap nhirng thong
tin cho viéc xay dung 1y thuyét vé ring va nhiing phuong thirc lam sinh. Ngoai ra,
cac két qua nghién ctru trong 1am hoc con cung cép nhimg thong tin dé hd trg cho
viéc bao ton tai nguyén rung va danh gia viéc st dung tham thyuc vat rung. DPé dat
duoc nhitng muc dich nay, 1am hoc can phai thu thap rat nhiéu s6 liéu khac nhau.
Béi vi rung bao gém nhiéu thanh phén khac nhau (khi hau, dia hinh, dat, cay gS,
cay bui, thdm co, hé dong vat va hé vi sinh vat...), nén 1am hoc phai st dung nhiéu
phuong phép hay cong cu khac nhau dé thu thap va phan tich sd liéu. Mot sb
phuong phap do 1am hoc sang tao ra. Chang han: Phuong phap phéan chia tang tht
va do tan che cua tan rung; Phuong phap phan chia muc d6 uu thé cua cdc loai cay
g0 trong quan thy; Phuong phap phan cap sinh trudng cia nhitng cay gb hinh thanh
rimg; Phuong phap mé ta cau tric rimg bang céc trac do...Mot sd phuong phap khac
thugc cac chuyén nganh khac (kh1 hau — thuy van, dia ly, dat, thuc vat, diéu tra
rimg...). Vi thé, khi nghién ctru vé€ rung, nha lam hoc can phai hop tac voi nhing
nha khoa hoc thudc nhiéu chuyén nganh khéac nhau.

Cach thuc thu thap dit liéu duoc xac dinh boi muc tiéu nghién cau. Mot thiét
ké thu mau tét s& lam giam cac chi phi nghién cau va tranh pha hoai ddi tuong
nghién ctu. Chién luoc rat mau I rat quan trong, boi vi két qua nghién cau phu
thugc khong chi vao muc tiéu va phuong phap phan tich sé lidu, ma con vao s li¢u
duoc sir dung. S6 lidu dung cho phép giai thich két qua vé6i do tin cdy cao. Mau nho



lam giam kha ning phan tich va c6 thé din dén kho khin cho giai thich két qua. Do
léch trong mau dan dén két luan sai. Mau qua 16n lai gdy ra du thira s6 liéu, ton thoi
gian thu thap va xir 1y, chi phi cao vé tai chinh. Vi thé, giai doan thu mau c6 y nghia
quyét dinh trong nghién ciru 1am hoc.

Rung bao gdm rat nhiéu dic tinh khac nhau va ching c6 quan hé véi nhau
theo nhitng cach thirc rat phtc tap. Bé phan tich nhiing dic tinh cia cay gb va rimg,
1am hoc can phai thu thap rat nhiéu bién s6 khac nhau. Mot sé bién sé duoc thu ¢
dang sb, mot s6 bién khac & dang bién dinh danh cd thtr bac hon kém va khong c6
thi bac hon kém. Vi thé, khi xir Iy va phén tich s6 liéu, 1am hoc can dén kién thirc
toan hoc. Tuy theo cach thirc thu thap so liéu, lam hoc st dung nhiing phu:ong phép
phan tich so liéu khac nhau. Néu dit liéu dugc thu thap ¢ dang s6, 1am hoc 6 thé xu
ly bing phan tich trong quan va hdi quy. Néu sé liéu duoc thu thap & dang bién
dinh danh c6 thit bac hon kém va khong c6 thi bac hon kém, 1am hoc ¢6 thé xu Iy
bang phuong phép phan tich twong quan c6 thtr bac hon kém va khong c6 thir bac
hon kém. Mot cach thirc tom tat s lidu vé cac loai cay gd va cac kieu QXTV la st
dung phan tich nhém. Phan tich nhém duya trén y tuong cho rang céc kiéu QXTV
t6n tai va mdi QXTV ¢6 mot té hop loai dic trung. Phan tich nhém str dung cho
muc dich mé ta cac kiéu QXTV trong mdi quan hé véi céc kiéu lap dia. Két cau caa
QXTYV thay d6i rat 16n theo cac kiéu lap dia, nhung thay doi rat nho trong cing mot
kiéu lap dia. Phan tich nhom dic biét hitu dung cho viéc dinh nghia cac kiéu riung,
kiéu QXTV, kiéu lap dia va cac phuong thirc xtr Iy rimg. Phan tich dinh vi va phan
tich nhom thuong duoc sir dung trong giai doan diu tra sinh thai thuc nghiém. Két
qua cua giai doan nay la cong cu hiru ich dé xac dinh phuong phap nghién ciu moi
quan h¢ gitra cay g0 va rung voi moi truong. Nhimg moi lién hé nay co thé duogc
1am rd bang phuong phap phan tich hdi quy va twong quan. Phan tich dinh vi va
phan tich nhém 1a pha nghién ciru dau tién, con phan tich hoi quy la pha nghién ctu
sau. Phan tich dinh vi va phan tich nhom duoc su dung dé phan tich bién dong cua
loai cay go va QXTV theo moi tudng. Chang han: Phan tich su c6 mat hay viang
mat cua mot s6 loai cay gb quan tam theo blen dong cua dia hinh va dat. Nhung khi
can phan tich rd quan hé giira cac loai cay gb va QXTV vdi mdi truong, 1am hoc st
dung phuong phap phan tich hoi quy. Trong 14m hoc, phuong phap phén tich hoi
quy va tuong quan da bién thuong duoc st dung dé phat hién nhiing b1en phan hoi
(Blen phu thudc = Y) ctia cAy gd va ring voi su thay doi cua cac nhan t6 sinh thai
(Blen du doan = X,) Pé dat duoc muc dich nay, lam hoc can phai thu thap rat nhiéu
s6 lidu vé cdy gb va ring va cac nhan t6 sinh thai. Py 1a mot khé khin khong nho
trong cac nghién ciru 1am hoc.

1.4. Phwong phap thu thép s liéu trong 1am hoc
1.4.1. Mot sb thuit ngir trong 1am hoc

Trong 1am hoc, nguoi ta sir dung cac thuat ngir theo nhitng quy wéc nhat
dinh. Thuat ngit “Mau” duoc sir dung theo nghia chung la viéc chon lya nhitng don
vi mau théng ké. Thuat ngit “Vi tri thu mau” biéu thi nhitng noi thu thap mau théng
ké hay d6i twong nghién ctru. Trong mot quan thu, nha 1am hoc c6 thé chon mét sb



vi tri dic trung vé khéng gian va thoi gian dé thu thap mau. Tur quan thu nay, nha
1am hoc md ta két ciu loai cdy gd, da dang loai cdy gd, ciu tric quan thy, tinh
khong dong nhat cia quan thy va nhimg thay doi cua né theo thoi gian. Vi du: (1)
Mot khoanh rimg 12 tir dung dé chi nhitng nghién cau Ve tham thuc vat; (2) O mau
duoc cac nha 1am hoc su dung trong nghién ciru két cau loai cay gd, da dang 10a1
cay gb, Ccau truc quan thy, san luong rung. Thuat ngt “Bit gap” va “Khong bat gip”
dugc sir dung dé chi sy ¢c6 mat hay vang mat loai cay go quan tam nao d6 trong
QXTV rung. Thuat ngir “Phong phu” duoc st dung dé biéu thi sb luong cé thé hay
mat do (N, cay), tiét dién ngang (G, m?), thé tich (V, m®), sinh khéi (B, kg hodc tin)
cta loai cay quan tam trong QXTV rimg. Thuat ngit “Po che tan” biéu thi ty 18 (%
hay phan muoi) dign tich mit dat ndm ngang duoc loai cay gb che chiéu anh sang.
Thuat ngir “Téng d6 che tan” bleu thi ty 1€ (% hay phan muoi) dién tich mat dat
nam ngang duoc cac loai cdy gd che chiéu anh sang. Thuat ngir “Do che phu” biéu
thi ty 1& (% hay phan muoi) dién tich mat dat nim ngang duoc quan thy, tham cay
bui, cdy c6 che phu hay xam chiém. Thuat ngit “Nhom sinh thai” bleu thi nhiing
loai cay gb song trong cung khong gian va moi truong va chung co moi lién hé !
nhau. Thuat ngtr “Sy két nhom sinh thai” biéu thi moi quan h¢ gitra cac loai cay gd
v6i nhau vé mit sinh thai. Thuat ngit “Dang sdng” biéu thi nhitng loai cay c6 su
tuong dong vé hinh thai, vé chitc ning sinh 1y va tap tinh sinh hoc. Theo thuat ngir
nay, 1am hoc phan biét 4 dang sdng co ban trong cac QXTV: cay than gb; cdy than
bui; cdy than thao; cdy than leo. Thuit ngit “Tang phién” biéu thi nhitng loai ciy
thudc nhitng don vi phan loai khac nhau cing chung séng trong mot khong gian
nhat dinh. Theo thuat ngit nay, 1dm hoc phan biét 4 tang phién co ban: tang phién
ciy g0, ting phién cay than bui, ting phién cay than thao va ting phién cay than leo.
Thuat ngtr “Kiéu rung” biéu thi mdt nhoém tham thue vat rung dugc phan chia dya
theo nhiing dau hiéu troi ciia moi truong (khi hau, dat, dia hinh) va tham thuc vat
nhu dang séng uu thé trong tang wu thé sinh thai, mic do che tan cua ting uu thé
sinh thai (kin, thua), hinh thai 14 (14 rong, 14 kim) va vét hiu cua tan la (thuong
xanh, rung la). Thut ngir “Kiéu QXTV rung” biéu thi mét nhom QXTV co su
twong dong veé két cAu loai cy wu thé va dong wu thé, vé ning suat hodc diéu kién
moi truong song (vi tri dia 1y, khi hau, dia hinh, dat...). Thuat nglt “Lam phan biéu
thi rung thuan nhat vé loai cay g0, cay bui, cay than thao, hé dong vat va vi sinh vat,
tiéu khi hau, dia hinh va dat. Tinh thudn nhat cia rimg chi xuat hién trong khong
gian nho. Vi thé, thuat ngu nay chi sir dung cho rung trong thuan loai dong tu01
Thuat ngit “Lap dia rimg” biéu thi mot tap hop nhitng diéu kién moi trudng sdng
cua rimg (khi hau, dia hinh, dat, tham thyc vat, hoat dong lam sinh...) & mot noi
nhat dinh. Mot cach hiéu khac 13 mot khu vuc dugc danh gia theo kha nang tao ra
san lugng rung. Thuat nglr “Loai cay b uu thé” bleu thi loai cay b kiém soat sur
song cta nhimg loai cay go khac hodc loai cay gd uu thé vé sinh thai. Thuat ngi

“Loai cAy gd dong uu thé” bicu thi loai cdy gb co kich thudc hay vai trd sinh thai
nho hon so voi loai ciy gb vu thé va cing vé6i loai ciy gd wu thé kiém soat sy séng
ctia nhitng loai cy gd khac. Thuat ngit “Tham thuc vat rimg” biéu thi tdp hop toan
bd hé thuc vat cia h¢ sinh thai rung trong mdt canh quan nhét dinh.



1.4.2. Cac thang do

D¢ d& dang thu thap va xur 1y s6 liéu, phéan tich va trinh bay két qua nghién
ctru, trudc hét nha Iém hoc can phéli dinh nghia r6 rang nhitng thuat ngir duoc su
dung trong thu thap so li€u vé cay go va rung.

(1) Céc quan sat. Thuat ngit nay biéu thi cac dic tinh cta cdy gb va rimg
dugc nghién cttu. Chang han: Puong kinh than cay ngang nguc (D, cm); chiéu cao
toan than (H, m); tiét dién ngang than (G, m?); trix luong gb (M, m®); tinh trang sinh
lyc cua cay go...

(2) C&c bién. Thuat ngir nay biéu thi cac thong tin hay dic diém cua ting dic
tinh cua cay g va rimg. Mdi bién dugc dat mot tén bién cu thé. Pé mo ta tén day du
cia mot bién, nguoi ta st dung nhan bién. M4i gi4 tri cia mot bién ciing co thé
dugce dat mot nhan gia tri. Vi du 1: Duong kinh thin cay gd 1a mot bién sb. MGi
biéu hién cua bién D (cm) dugc chi dinh bang mot gié tri bién nhu sau: 1 = D < 10;
2=D=10-20;3=D=20-30;4=D=30-40,5=D=40-50; 6 =D =50 —
60; 7 = D > 60 cm. Vi du 2: Do che phu cua tham co 12 mét bién sd. Gia su bién sb
nay co tén 1a DCP véi nhin day du 1a “Do che pha cia tham co”. Mdi biéu hién cua
bién DCP c6 thé dugc chi dinh bang mot gia tri bién nhu sau: 1 = Soc, 2 = Cops, 3 =
Cop,, 4 = Copy, 5=Sol, 6 = Spva 7 = Un. Vi du 3: Do thuong gip mot loai cay gb
nao d6 1a mot bién sd. Gia st bién s6 nay co tén 1a F (Frequency) véi nhan day du la
“Po thuong gap”. Mdi bieu hién cua bién F c6 thé duoc chi dinh bing mot gid tri
bién nhu sau: 1 = bat gip, 0 = khong bat gip. Viéc quy dinh dat tén bién, nhan bién
va nhan gié tri nhu trén nham giap cho viéc xtr 1y s6 liéu bang toan hoc.

(3) Cdc thang do. Khi lap ké hoach nghlen ctru, nha 1am hoc phai quyét dinh
cac thang do ddi véi cac dic tinh cua cay g0 va rung. Cac thang do khong chi dong
vai tro to Ion d6i voi thu thap va xa 1y sd liéu, ma con phan anh do tin cdy cia
nhimg két qua nghién ciru. Trong 1dm hoc, nguoi ta thudng sir dung 4 thang do:
dinh danh, thir bac, khoang va ty 1&. Thang do dinh danh biéu thi cho nhitng bién sé
dinh tinh. Thang do thir bac va thang do khoang biéu thi cho nhitng bién sb dinh
lugng.

(3.1) Thang do dinh danh. Thang do dinh danh biéu thi cho nhitng bién ma
c4c gié tri khong co lién hé véi nhau. Nhitng tri s6 caa bién dinh danh chi thé hién
cac nhom phan loai khoéng cé thir bac hon kém. Nhitng gié tri do duoc biéu thi bang
cap. Mdi cap c6 thé dugc dénh sé bang s6 nguyén hay gan chudi dang ngan gon cho
nhitng biéu hién cua mot bién sb. Vi du: Kiéu dat duoc chia thanh nhiéu cap: dat
cat, dat thit, dat sét. Cac gia tri duoc chi dinh vao céc cip nay 1a 10, 11 va 17 hoic
X1, X, va X3. Boi vi chiing khong sap xép theo thir bac, nén chiing khéng c6 quan
hé v&i nhau. Céc gid tri nay chi biéu thi cho tén cap. Vi thé, kiéu bién nay khdng thé
xtr Iy bang cac phép tinh dai sd.

(3.2) Thang do thir bac. Pay la mot thang do dinh danh nhung céc gia tri cia
bién sb c6 thir bac hon kém. Cac bién dinh danh c6 tht bac hon kém con dugc goi
la céc bién phan loai (Classification Variables), cac bién lap nhém (Discriminant,



Grouping Variables) va cac bién ma hoa (Coding Variables). Cac bién dinh danh c6
thir bac hon kém dugce sir dung dé phén loai cac ddi twong khac nhau. Vi du 1: Mot
loai bénh cay niao d6 co6 thé duoc phan chia theo 5 cap: 1 = bénh rat ning, 2 = bénh
nang, 3 = bénh trung binh, 4 = bénh nhe va 5 = khdng c6 bénh. Vi du 2: Khi nghién
ctru quan hé gitra ning suat ring trdng véi 5 chi sb 1ap dia (SI), thi cac biéu hién
cia bién SI c6 thé dugc ghi bing 5 tri s 12, 14, 16, 18 va 20 m. Trong Iam hoc,
ching ta thuong gap rat nhiéu bién dinh danh co thir bac hon kém nhu cap do che
tan, Cap ning suit, cip sinh truong cay ring, cip che phu cua tham co, cip benh
cay, Cap chay rung...Luu ¥ rang, trong thang do thi bac hon kém, nhitng con sé c6
tri s cao hon khong cé nghia 1a chung luén & bac cao hon va nguoc lai. Bang 1.1
dn vi du phan chia 7 cip do phong pht caa cac loai cay than thao séng dudi tan
rung theo phuong phap cua Druze. Boi vi khoang cach gitra 7 cap do che phu cua
tham co 1a khong giong nhau, nén chung ta khong the tinh toan bang cac phép tinh
dai sb. Viéc gan hay ma hoa nhiing con sé cho mdi cip d6 che phu cia tham c6 chi
mang ¥ nghia quy wdc nham tao thuan loi cho viéc ghi chép va xt ly s6 ligu.

Bang 1.1. Phan cap do phong phl cua cac loai cay than thao séng dudi tan ring
theo phuong phap cua Druze.

Phan chia theo hé thong 7 cap:

Thy ty Ccalfacgfui};u M3 héa Tiéu chuan dénh gi4 theo:
SO ca the Do che phu (%)
1) (2) 3 (4) (5)
1 Soc®” 6 Rét nhiéu 76 - 100
2 Cops 5 Nhiéu 51-75
3 Cop, 4 Tuong d6i nhiéu 21 - 50
4 Cop, 3 Tuong d6i 5-20
5 Sp 2 ft 1-4
6 Sol 1 Rét it <1
7 Un 0 Chi mot ca thé <0,2

(*) Céc ky hiéu viét tat tir chix La tinh: Socialis = Soc, Copiosus = Cop,

Spars = Sp, Unicus = Un.

(3.3) Thang do khodng. D6 1a thang do thir bac c6 khoang cach déu nhau.
Thang do khoang dugc chia theo mdt don vi 6n dinh. Do d0, su khac biét gilra gia
tri nay voi gia tri khac c6 thé xac dinh duoc. Vi du: Chi tiéu D dugc phan chia theo
khoang cach 2 cm kém theo tan s cay tuong tng. Tir s6 s6 lidu ndy, ching ta co thé
xac dinh dugc nhitng dic trung théng ké mo ta (Trung binh, Min, Max, sai tiéu
chuan = SEE va hé s6 bién dong = CV%).

(3.4) Thang do ty 1. D6 1a thang do khoang véi mot dién Zero 1dy 1am gbc
dé so sanh. Vi du: Do sy khac biét giita hai kiéu rimg bang viéc st dung G hay M
dé so sanh. P phong phu cia loai cay gd thuong dugc do bang sb do ty 1é véi don
vi do 14 phan trim hodc phan muoi.

Ngoai cach phan biét cac bién va thang do trén day, trong 1am hoc ngudi ta
con phan chia cac bién thanh bién dinh tinh va bién dinh lugng. Pac tinh dinh lugng



la nhitng dic tinh c6 thé dém hay can do duoc bing mot don vi vat 1y nao do.
Nguoc lai, dic tinh dinh tinh 1a nhitng dic tinh khdng thé do dém bing mot don vi
vat 1y nao do.

(a) Pdc tinh dinh tinh. Trong 1am hoc, nhitng dau hiéu dinh tinh c6 rat nhiéu
va ching dem lai y nghia rat Ién nhiam thuyét minh cho vain dé nghién cau. Chang
han: Khi mé ta QXTV, nha 1am hoc c6 thé phai thu thap nhitng dic tinh (Bién sd)
ma khdng the do dac duge nhu: (1) Mau sac cua 4, hoa va qua; (2) D9 bét gap cia
loai cay quan tam; (3) Tinh trang sinh luc cua cay go (4) Cay bi bénh hay khong bi
bénh; (5) Cay da chét hay con song...Ngay ca mét sé dic tinh dinh luong, vi ly do
kho do dém, nha 1am hoc ciing ¢6 the xem ching nhu nhitng dac tinh dinh tinh. Vi
du: S6 lugng hoa qua trén mot cay gd; Mirc d6 ram rap caa hé théng 14; Do che pha
ctia tham co trén mat dat...

Dé dé dang xir Iy va so sanh cac bién sé dinh tinh, nha 1am hoc cd thé ghi
nhan bén canh ching tan sé bat gap. Téng tan sé cua cac sy kién phai bang tong sé
don vi quan sat. Vi du: Néu a, b va c 1a tan sé cua 3 su Kién nao d6 va N 1a tong sb
don vi quan sét, thi (a + b + ¢) = N, con a/N, b/N va ¢/N a tan suat cua 3 su kién.
Tan suat caa mdi nhom ddi twong c6 thé biéu thi bang don vi phan muoi hodc phan
tram. Trong truong hop tan suat duoc biéu thi bang don vi phan mudi, thi tong cac
tan suat cta cac nhom phai bang 1, nghia la (&/N + b/N +c/N) = 1. Nguoc lai, néu
tan suat duoc biéu thi bang don vi phan tram, thi tong c4c tan suat cua cac nhom
phai bang 100% (Bang 1.2). Tuy theo muc dich nghién ctru, nhitng dic tinh dinh
tinh duoc ghi vao bang phan phdi theo hai cach. Céach thu nhat Ia bang phan phdi
mét chiéu (Bang 1. 2). Cach tht hai la bang phén phol hai chiéu (Bang 1.3). Tur do,
nha 1am hoc c6 thé tién hanh nhitng xir 1y va so sanh két qua.

Bang 1.2. Phan phdi két qua diéu tri bénh phan trang trén 200 cay Keo lai.

Két qua diéu tri Tan s6 Tan suat Ty 18 (%)
(1) (2) 3) (4)
Bénh khoi 105 0,525 52,5
Bénh giam 55 0,275 27,5
T vong 40 0,200 20,0
Tong sd 200 1,000 100,0

(i) Pdc tinh dinh lwong. Cac dic tinh dinh luong bao gdm céac dic tinh dinh
luong roi rac va cac dac tinh dinh lugng lién tuc. Nhirng dac tinh dinh lugng roi rac
la nhitng dai luong ciia mét dic tinh duoc biéu thi bang nhirng sé nguyén. Chang
han: (a) S6 cay trén mot 6 mu co kich thuorc nhat dinh; (b) S6 cdy g mang bénh;
(c) S6 cay tai sinh trén mot 6 mau 10 m?. Trong bang thong ké, chung ta ghi trong
mot cot cac tri s6 cua dac tinh, con cot bén canh ghi cac tan so, tan suat, ty 1€ (%)
tuong (ng Voi Chung Ngoai ra, dé phan tich chi tiét s6 li¢u, ching ta co the tinh céc
tan so tich lily, tn suat tich Iy va ty 1é tich Iiiy bang cach cong don tan so, tan suat
va ty I¢ caa nhom trén véi cac nhom dudi (Bang 1.4).



Bang 1.3. Phan phdi két qua diéu tri bénh phan tring theo 3 loai thudc khac nhau
trén 205 cay Keo lai.

Tan s6 ciy theo 3 trj liéu:

Két qua diéu tri A B C Tong sd
1) (2) 3 4) 5)
Bénh khoi 35 38 24 97
Bénh giam 21 20 17 58
T vong 12 16 22 50
Tong 68 74 63 205

Bing 1.4. Phan b6 s6 cay theo cap duong kinh d6i véi wu hop Dau con rai
(Dipterocarpus alatus Roxb). Nguon: Pao Thi Thuy Duong, 2019.
TT CapD (cm) N (cay/ha) N%  Nrichiayy  N%rich 1ay)

1) (2) 3 4 (5) (6)

1 <10 300 45,1 300 45,1
2 16 132 19,9 432 65,0
3 22 65 9,7 497 74,7
4 28 38 5,7 535 80,4
5 34 27 4,0 562 84,4
6 40 22 3,4 584 87,8
7 46 21 31 605 90,9
8 52 21 3,2 626 94,1
9 58 20 3,0 645 97,1
10 >64 20 2,9 665 100,0

Tong s6 665 100

Pic tinh dinh lwong lién tuc la nhitng dic tinh dinh luong lay bat ky gia tri
nao nam trong mot khoang nao d6. Chang han: D, H, g, V cta ciy gd, G va M clia
QXTV ring. Thé nhung, do nhirng gidi han cua cac cong cu do dac, mot sb dic tinh
dinh luong lién tuc van chi dugc ghi nhan bang céc gia tri khong lién tuc. Chang
han: Khi sir dung thudc do chiéu cao véi do chinh xac 0,5 m, thi H ciia nhitng cay
gd tir 20 dén 22 m chi nhan duoc 5 gia tri 20,0; 20,5; 21,0, 21,5 va 22,0 m. Khi trinh
bay cac sb liéu dinh lugng lién tuc duéi dang bang, trudc hét phén chia cac déc tinh
thanh cac nhom (to hay cap) theo mét cy ly (khoang cach) nhat dinh. Sau d6 xac
dinh tan s, tan suat va ty Ié ciia cac nhom. Theo Brooks va Carruther, s6 nhom (m)
va cu ly gitta cac nhom (k) dugc tinh twong (rng theo cdng thac 1.1 va 1.2; trong d6
N 1a dung luong quan sét, Xyax V& Xuin 12 nhiing tri s6 16n nhat va nho nhét cia day
s6 lidu quan sat.

m > 5*LogN (1.1)
k = gw (12)

Hoppman d& nghi tinh cy ly giita cac nhém (t6) theo cong thirc 1.3.



d= gXMax — XMin) (13)
2§/N

Luu y rdng, mac du sb to va cy ly giira céc to dwoc tinh theo cong thuc 1.1 -
1.3 1a khach quan, nhung thuc te c6 thé nhan duoc két qua kém ¥ nghia. That vay,
cu ly cia mdi cap D than ciy gd duogc tinh theo cong thie 1.2 va 1.3 12 0,2 - 0,5 m,
nhung thuc té nha 1am hoc da sir dung thudc do chiéu cao véi do chinh xéac 1,0 m.
Do do, theo thude do nay nha 1am hoc khdng thé tinh duoc chinh xac tan sé twong
g vai ting cap D. Vi vay, tuy theo dbi tugng va muc tiéu nghién cau, trong thyc
hanh ngudi ta nhan thay sb t6 dao dong tir 6 - 12, con cu ly gitra cac to duge xdc
dinh theo do chinh xé4c cua cac dung cu do dac. Noi chung, ddi véi ring trong thuan
loai dong tudi, tuy theo tudi (A, nim) va kich thude ciy gd, mdi cip D duoc phan
chia tir 2 — 4 cm, con mdi cap H 1a 1 - 2 m. B6i vé6i ring ty nhién hdn loai, do D va
H c6 bién d6 rat 16n, nén moi cép D duoc phan chia tir 4 — 8 cm, con mdi cép Hla2
— 4 m tuy theo loai rirng. Khi cac bién dinh lugng lién tuc dugc phan chia theo to,
thi chung c6 thé duoc tap hop thanh cac bang s6 liéu. Noi dung cia bang sb liéu bao
gdm gia trj trung tdm hodc ranh gidi cua mdi to; tan s, tan suat va ty 1é cua mdi to
(Bang 1.4).

1.4.3. Chién lwgc thu miu trong 1am hoc

Chién luoc thu mau 1a mot khung thiét ké nghién cau. Dé nhitng dau hiéu
md ta tham thuc vat cd thé dwa vao xu ly thong k&, nha 1am hoc can phai thu thap
ching theo mot phuong phap nhat dinh. Phuong phap thu thap dit liéu phai duoc
lam rd trudc cac myc dich dit ra. Mdi tham thuc vat c6 nhiéu QXTV va mot QXTV
cling ¢4 nhiéu dic tinh khac nhau. Viéc md ta tit ca nhitng dic tinh cia QXTV trén
mét 13nh tho rong 16n 1a hét site kho khan, ton nhiéu thoi gian, nhan luc va kinh phi.
Thay vi thé, nguoi ta chi md ta nhitng dic tinh co ban nhat trén mot bo phan dai
dién cho ddi twgng nghién ctu; sau d6 suy dién nhitng dic tinh nay cho toan bo cac
QXTV. Phuong phap nghién ciru ma chi thuc hién trén mét bo phan khong 16n caa
d6i twong va tir két qua nhan dwoc rdt ra nhan dinh chung cho toan bo ddi tuong
nghién ciru duoc goi 1a phuong phap nghién ciru mau. Tat ca ddi twong nghién cau
duoc goi 1a tong thé, con mau 1a mot bo phan cua tong thé duoc rit ra dé nghién
ctru. Nhiém vy co ban cua xir Iy thong ké 1a trén co sé nghién ciu cac mau dua ra
nhitng nhan dinh ding cho tong thé.

Khi nghlen ciru mot tham thyc vat nao do, tong the 14 toan bo cac QXTV cua
tham thyc vat nay, con mau 1a tap hop nhitng 6 mau nam trong gidi han cua tong
thé d6. Cac o mau dugc quy udc theo nhimng tiéu chuan nao d6 dugc goi la cac 6
tiéu chuan. O mau 1a mot don vi thu miu duoc quy wdc thong nhét trong nghién
ctru. Néu déi twong nghién cau 13 toan bo tham thwc vat cia mot 1anh thd nao do,
thi tong thé 1a toan bo cac QXTV cua lanh thd Ay, con miu la tap hop cac QXTV
trén cac 6 mau. Trong nhirng nghién ciru QXTV rimng, nha 1am hoc thudng sir dung
mét chudi 6 mau c6 hinh dang va kich thuéc nhit dinh. Bé nhan duoc két qua khach



quan va phan anh dang ddi teong nghién ciru véi do chinh xac mong mudn, thi mau

do dém phai théa man mot so dieu kién dudi day.

a. Mau do dém 1a mot dai dién tdt cho tong thé. Piéu nay c6 nghia 1a trong tap hop
cac phan tir cua mau phai chua tat ca nhitng bién so cua tong thé cung véi nhirng
moi lién hé dinh lugng gitta chang.

b. MJdi bo phan cua téng thé phai c6 xac suit duoc chon nhu nhau. Biéu nay c6
nghia la moi khoanh rieng phai cé xac suat dugc chon dé do dém nhu nhau.

Mot tham thuc vat ring bao gdm nhiéu thanh phan ciu thanh. Vi thé, mdi
thanh phan phai dugc rat theo ty 16 ma né c6 trong ddi twong nghién ctu. Trong
mét tham thyc vat rimg, dién tich caa mdi QXTV thudng c6 bién dong 16n nhat, do
d6 cac nha 1am hoc thuong xac dinh ty 18 rat mau theo dién tich cia QXTV. Piéu
nay dic biét hiru ich khi danh gia trit lugng gb cua méi QXTV va tinh ning sut
binh quan cho tham thuc vat trén mot don vi dién tich. D& nhan dugc cac mau dai
dién t6t cho d6i tuong nghién ciru, 1am hoc co thé sir dung 5 phuong phap bb tri 6
maul.

1.4.3.1. Phwong phdp chon mdu ngdu nhién

Thuc chét caa bd tri mau ngau nhién 13 vi tri ciia mdi 6 mau la doc 1ap voi
nhitng 6 mau con lai. Chon mau ngiu nhién 1a phan chia ngiu nhién cac nghiém
thtrc vao nhitng don vi thi nghiém hoic chon nhitng mau ngau nhién tir nhitng don
vi mau. Pay 1a phuong phap thu mau khach quan hon so v&i nhitng phuong phap
thu mau khong ngglu nhién. Thu mau ngiu nhién la mot cong cy nghién ctru hiru ich
dé duara nhimg két luan véi do tin cdy mong mudn. Béi vi thu miu ngau nhién loai
trir dugc sai s hé théng va cung cip co so cho viéc ap dung 1y thuyét thong ké
(kiém dinh va udc lugng).

Trong thuc hanh, chon mau ngiu nhién cé thé duoc thuc hién bang nhiéu
cach khac nhau. Gia thiét nha 1am hoc sir dung 6 mau c6 kich thuéc s = 20*20 m
(400 m?), dién tich can phai do dém Ia S ha, téng dién tich khu vuc nghién ctu 1a W
ha. Ttr d6 tinh duoc dung luong téng thé 1a N = W/s; dung lwong mau (s6 6 mau)
can do dém la n = S/s va ty 1é rGt mau 14 S/W hay n/N. Trén ban d6 rimg, ching ta
phan chia khu vuc nghién ctu thanh hé thong 6 mau lién tiép nhau theo dang ban
cd, mdi 6 mu c6 dién tich 13 s m?. Sau d6 danh sé tha ty cac 6 mau va dung bang
s6 ngau nhién hogc rit tham dé xac dinh nhiing 6 méau can do dém. Khi chon nhiing
0 mau theo phuong phap nay, nha lam hoc cod the gap truong hop mot s6 6 mau
dugc chon lap lai 2, 3...1an. Vé nguyén tic chon mau, ching ta c6 mau do lap. Tuy
vay, dé tang tinh dai dién caa mau, nha 1am hoc c6 thé bo qua nhitng & mau dugc
chon Iap lan 2, 3... Phuong phap nay c6 uu diém 16n 1a mau ¢am bao hoan toan ngau
nhién. Mac du vay, né it dugc su dung trong c&c nghién ctiru I[am hoc, bai vi ring la
mét tdng thé tu nhién hét sic phuc tap, dién tich 16n, kho di lai. Mat khac, mot sé 6
nghién ctru duoc chon c6 thé roi vao nhitng vi tri khé dén duoc. Chang han: Khe
nai, dinh ndi. Mot sé 6 mau dugc chon khong dung muc tiéu nghién ctru. Chang
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han: Nghién ctru dic tinh cia mot quan thé loai ciy gd trong mot kiéu QXTV nhit
dinh, nhung mdt s6 6 mau khong chira quan thé loai nay.

1.4.3.2. Phwong phdp chen mdu h¢ théng

Thuc chat ciia phuong phap nay 13 vi tri ctia cac 6 mau duge xac dinh theo
mot nguyén tic dinh trude. Gia thiét nha 1am hoc can nghién ciru mot QXTV rung
nao d6. Nhitng thong tin can phai thu thap bao goém thanh phan loai céy go (S), N,
G, M. Theo muc dich dit ra, nha 1am hoc can thu thap mot s6 6 mau co dién tich
bang nhau va chung duoc bd tri theo mot nguyén tic dinh trude. Dé thu thap duoc
nhirg & miu dai dién cho téng thé, nha 1am hoc c6 thé bé tri ching theo mét trong
nhirng cach dudi day.

(@) Bo tri & mdu hé thong theo nhing so dinh truéc. Trudc hét, phan chia
khu virc nghién ciu thanh nhitng 6 miu véi kich thuée bang nhau va phan bé lién
tuc theo hé théng 6 ban cd. Mbi 6 duoc danh s tht ty tir trai sang phai va tir trén
xudng dudi. Sau 6, cin clr vao dung lwong mau can quan sat, nha 1am hoc quy uéc
cach rGt mau hé théng. Chang han: Thr ty & mau duoc ridt ra nghién ctu bat dau tir
6 mau s6 1, tiép theo 12 6 mau s6 3, 6...k (Hinh 1.1a).

(a) (b) (c)

1...2...3...4...5. *e Yok ko

6..7...8...9... | KoK KKk 0
10...11...12....14 | * Kk ok

..... 15....16.....17.. T S H—E—H—H
18....... 19...... * Kk kK

20.....21.....22 KLLKLK K e
* ----- * ----- * ------ *----

Hinh 1.1. So d6 bé tri 6 mrﬁu theo phuong phéap hé théng. (a) B6 tri 0 mau theo
nhirng s6 dinh trudce. (b) Bo tri 6 mau theo mot cyu ly nhat dinh. (c) Bo tri 6 mau
theo mat ludi.

(b) Bo tri 6 mdu hé thang trén cac tuyén theo mét cu ly nhdt dinh. Bé dam
bao cac 6 mau phan b dong déu trén toan bo déi twong nghién ctiu, nha 1am hoc ¢6
thé phan chia khu vyc nghién vizu thanh nhitng tuyén song song va cach déu nhau.
Khi biét téng chiéu dai cac tuyén 1a S (m), dung luong quan sét 1a k 6 mau, thi cu ly
giita cac 6 mau 1a Y = S/k (m). Tiép theo, nha 1am hoc phan chia toan bo chiéu dai
cua tat ca tuyén thanh Y phan doan bang nhau. Sau d6, quy uéc 6 mau dau tién
duoc rat ra do dém bat dau tor mot diém nao d6 trén tuyén thtr nhat. Theo do, cac 6
mau thir 2, 3...k duoc bd tri cach nhau mot khoang cach bang Y m (Hinh 1.1b).

(c) Bé tri 6 mdu hé thong theo mdt luwdi. Truéc hét, phan chia ddi twong
nghién ctu thanh nhitng 6 mau véi kich thude bang nhau theo dang ban co. Sau do,
can ctr vao so luong 6 mau can do dém, nha Iam hoc thyuc hién rat mau bang céach
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chon cac 6 mau tai diém giao nhau cua cac duong phan dinh ranh gidi gitra cac 6
mau (Hinh 1.1c).

So voi phuwong phap chon mau ngiu nhién, phuong phap chon mau hé thdng
¢ wu diém 1a don gian, dé thuc hién va cac 6 mau dugc chon phan bd dong déu trén
d6i twong nghién ciu...Nhuge diém caa phuong phap chon mau hé théng 1a dé bi
anh huong do nhan té chi quan, dong thoi khé danh gia do chinh xac cua két qua
nghién ctu. Tuy vay, phuong phap chon miu hé thdng van thudng dugc ap dung
trong nhitng nghién ctu tham thuc vat ring.

1.4.3.3. Phwong phap chen mdu ngdu nhién - hg thang

Dé khic phuc nhimg nhuoc diém coa phuong phap chon mau ngau nhién va
phuong phap chon mau hé théng, nha lam hoc co thé ap dung phuong phap chon
mau phol hop gitra phuong phép chon mau ngau nhién va phuong phap chon mau
hé théng. Trong truong hop ndy, 6 mau dau tién duoc chon theo phuong phap ngau
nhién, con cac 6 mau khac duoc chon theo phuong phap hé théng. Khi nghién ciu
trén nhitng tham thuc vat rimg rong I6n va phuec tap, phuong phap nay ciing it duoc
ap dung.

1.4.3.4. Phwong phdp chon mau theo khéi

Cac tham thyuc vat ring 1a nhirng hé sinh thai v cung phtc tap va ching
phan b khong dong nhat theo khéng gian va thoi gian. Ngoal ra, mot tham thyc vat
rimg ¢ thé c6 nhiéu kiéu reng va moi kiéu rimng c6 nhiéu kiéu QXTV véi nhiing
dic tinh khéac nhau. Vi thé, dé thu duoc két qua chinh xéc, nha 1am hoc phai phan
chia dbi twong nghién cau thanh nhitng khéi riéng biét. Mdi khoi cé thé bao gom
mot don vi phan loai ring nhéat dinh, moét nhém QXTV nhat dinh hoiac mét giai
doan dién thé nhat dinh. Mt ddi twong nghién ciru duoc phan chia thanh tung khoi
thuan nhat nhu thé s& gip ich nhiéu hon trong nghién ctru tham thyc vat ring. Sau
khi chia d6i tegng nghién ciru thanh nhitng khéi thuan nhat, viéc rit mau duoc thuc
hién theo ting khéi twong wng voi dac diém riéng cia mdi khéi. Tay theo dién tich
cua mdi khdi, dung lwong mau duoc rat theo mot ty 1& nhat dinh. Céch tién hanh
nhu vay dugc goi 14 chon mau theo khéi. Phuong phap nay c6 nhitng wu diém co
ban sau day:

a. NO cho phép khong chi phan tich rd dic diém cua ting don vi tham thyc vat
rirng, ma con so sanh va phan loai tham thuc vat rung.

b. N6 cho phép xac dinh va danh gia tan sé bat gap loai cay gb, kiéu QXTV ring

va kiéu rimg.

N6 cho phép thuc hién nhitng phan tich théng ké va suy dién cho tong thé.

d. Tu nhitng thong tin vé loai cay gd, kiéu QXTV va Kiéu rirng, nha 1am hoc c6 thé
xay dung cac phuong thic lam sinh...

o

Phuong phap chon mau theo khéi ciing c6 mot s6 han ché. Ching han: Céc
khdi c6 thé cho nhitng két qua sai khac nhau rat Ion. Bé giam bét sy sai khac nay,
nha 1am hoc can phai phan chia d6i tugng nghién ciu chi tiét hon hoic phai ting
khdi lwong mau do dém. Didu d6 lai dan dén lam ting cac chi phi vé thoi gian, nhan
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lyc va kinh phi...Dé giam tinh phirc tap cia van d¢, nha 1am hoc c6 thé chi thyc hién
nghién cuu trén nhirng doi tugng pho bién nhat va ciling chi thu thap nhiing dac tinh
co ban nhat caa tham thuc vat ring.

1.4.3.5. Phwong phdp chon méu dién hinh

V& ban chét, mau dién hinh 1a mau phan anh muc trung binh cua dbi tuong
nghién ciru. Néu chi xac dinh muc trung binh cua dbi tuong nghién ciru, _chung ta co
thé str dung phuong phap thu mau ngiu nhién hoic phuong phap thu mau hé théng.
Tuy vay, boi vi hai phuong phap nay co nhiéu han ché, nén nha lam hoc thuong sur
dung phuong phap thu mau dién hinh. MAu dién hinh 13 mAu dai dién cho dbi tuong
nghién ctru. Thé nhung, tham thyc vat rimg 1a hé sinh thai rat phirc tap va phan bd
trong khong gian rat rong. Vi thé, nha 1am hoc rat kho xac dinh nhimg miu dién
hinh cho ddi tuong nghién cuu. DPdi v6i mot mau nhat dinh, nha 1am hoc nay cho la
mau dién hinh, con nha 1am hoc khéc lai khong cong nhan diéu d6. Chinh diéu nay
da dan dén nhiing tranh luan vé két qua nghién ciru. Noi chung, phuong phép thu
mau dién hinh phu thudc vao chu quan cua nha lam hoc. DPé han ché nhiing khoé
khan trong qua trinh nghién ctru va nhan dugc két qua tt, nha 1am hoc can thu thap
nhiéu mﬁu khac nhau va sau do tinh binh quan cho dbi twong nghién ctu. Vé Iy
thuyet s6 luong mau cang nhiéu, thi két qua nhan duoc cang chinh xac. Thé nhung
diéu vira néi lai dan dén nhitng kho khan trong qua trinh nghién ctru va phirc tap
trong xtr Iy va bao céo két qua. Vi thé, khi nghién ctru mot QXTV rimg, nha 1am
hoc chi thu thip mot s6 6 mau dién hinh. S6 lugng 6 mau thudng dao dong tir 3 — 5.

NGi chung, vé nguyén tic, cac nghién ciu trong 1am hoc phai lam sao thu
dugc nhitng mau dai dién cao nhat cho d6i tugng nghién ciru véi chi phi it nhat vé
thoi gian, nhan lyc va kinh phi. Nhitng nghién ciu trong 14m hoc luén huéng dén
nhimg muc tiéu nhat dinh. Chang han: (a) Xac dinh nhitng dic tinh sinh thai cta
quan thé Dau song nang (Dipterocarpys dyeri) trong kiéu rimng kin thuong xanh am
nhiét déi ¢ tinh Pong Nai; (b) Xac dinh nhitng dic tinh sinh thai ctia wu hop Dau
song nang trong kiéu rimg kin thuong xanh am nhiét d6i ¢ tinh Pong Nai. Bé dat
dugc hai muc tiéu nghién ctru ké trén, chung ta khong thé 4p dung may moc mot
phuong phap thu mau. Trong ca hai truong hop nay, ching ta c6 thé ap dung
phuong phap thu mﬁu hé théng két hop voi phuong phap thu mau ngau nhién hoic
phuong phap thu mau theo khéi va phuong phap thu miu dién hinh. Phuong phap
thu mau hé thdng duoc ap dung dé xac dinh pham vi khong gian bét gip quan thé
loai va QXTV quan tam. Tur pham vi khong gian nay, ching ta phan chia thanh cac
khéi; trong d6 moi khéi bao gdm mot sb dic tinh nao d6. Sau d6 ap dung phuong
phap thu miu ngiu nhién hodc phuong phap thu mau dién hinh dé thu thap nhiing
dic tinh quan tim ddi v6i timg muc tiéu nghién ctu.

1.5. Lap ké hoach thu thép so liéu
1.5.1. Thiét ké nghién ctru

Sau khi da xac dinh 16 myc tiéu nghién ctru, nha 1dm hoc can phai xay dung
so do tom tat qua trinh nghién ctru tir lac bat dau cho tdi khi két thiic. So @6 nghién
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clru con goi 1a thiét ké thi nghiém hay thiét ké nghién ctru. So d6 nghién ctru cho
biét tit ca cac chudi hoat dong trong qué trinh nghién ctru. So d6 nghién ctru bao
g6m 10 van dé chu yéu sau day.

Mot 1a cac cau hoi va cac gia thuyét nghién ciru. Cin ctr vao muyc tiéu nghién
ctru, diéu kién nghién ctru (thoi gian, nhan lwc, kinh phi) va kha ning hiéu biét cua
minh vé van dé nghién ctru, nha 1dm hoc phai xac dinh rd cac cau hoi kem theo céac
gia thuyét nghién ctru. Day la budc quan trong bac nhat ctia bat ky nghién ctru nao.
Chéng han: (1) Téng thé nao duoc nghién ctru? (2) Nhitng cau hoi nao can duoc tra
16i? (3) Nhitng gia thuyét nao can duoc klem dinh? (4) Nhitng tham sb nao can
duge wéc lwong? Hai 1a xac dinh chinh xac sé d6i tuong nghién ctru (don vi thi
nghiém; don vi thu mau). Ba la xé&c dinh cac bién phan hdi (Bién phu thudc), cac
bién giai thich (Bién doc 14p) va cac nghiém thire (Nhan té va cac mirc cia nhan td).
Bon 1a thiét ké thu tuc phan phéi (ngdu nhién, hé thong...) cac nghiém thirc vao céc
don vi thi nghiém hodc don vi thu mau. Nam la xac dinh phuong phap thu thap cac
dac trung cua cay gd va rimg, phuong phap thu mau (ngau nhién, hé théng...) va ty
1¢ mau. Sau la xac dinh d6 chinh xac mong mudn cuia cic phép do va tinh dung dan
cua phuong phap thu thap mau. Bay 1a xac dinh phuong phép toan thong ké s¢€ ap
dung dé xu 1y s6 li¢u. Tam la 1ap so d6 phan tich va cach thirc mo ta két qua nghién
ctru (bang, biéu d6, d6 thi). Chin 1a danh gia cac myc tiéu va tiéu chuan dé lam rd
nhirg hoat dong trén day. Muoi la xay dyng ké hoach Ve thot gian, nhan lyc va
kinh phi nghién ctru. Luu ¥ rang viéc sip xép thir tw 10 van dé trén day chi 1a tuong
d6i. That vay, mic du cac cdu hoi va cac gia thuyét nghién ctru dong vai dong vai
tro quan trong nhat, nhung chiing chi dugc 1am rd mot khi nha nghién ctru c6 day
du dicu kién nghién ctru (thdi gian, nhan lyc, kinh phi) va kién thic vé van dé
nghién ctru. Mic khac, phuong phap bé tri thi nghiém, phuong phap thu thap cac
bién phan hoi va cac bién giai thich phu thudc vao phuong phap xir 1y s6 liéu. Néu
ap dung toan thong ké dé xir 1y va phan tich sb li¢u, thi nha lam hoc can phai hiéu 5
nhing diéu kién cta tirng phuong phap xir ly sd lidu. Vi thé, dé xay dung dugc so
dd nghién ctru hoan chinh va kha thi, trudc hét nha 1am hoc co thé bat dau tur phan
tich diéu kién nghién ctru (thoi gian, nhan luc, kinh phi) va kién thic vé van dé
nghién ctru. K& dén chon nhitng ndi dung va phuong phap nghién ctru thich hop.
Sau d6 dat ra nhimg cau hoi va nhiing gia thuyét nghién ctru.

1.5.2. Xac dinh kiéu nghién ciru

Sau khi thiét ké so dd nghién ctru, mot nhi¢m vu quan trong khac 1a xac dinh
kiéu nghién ctru. Theo muc dich nghién ctru, ngudi ta phan chia cac nghién ctru dua
theo dic tinh cua chung. Cach phan loai nay 1a rat quan trong, bai vi nd chi ra cho
nha 1am hoc biét dugc kiéu két luan c6 thé rut ra tir viée ap dung nhiing k¥ thuat
thdng ké ddi voi sb liéu quan tdm. Box va Snell (1981; Din theo Jongman va ctv,
1987), cac nghién ctru duoc phan chia thanh 5 kiéu.

Kiéu thtr 1 1a nhitng nghién cau thyc nghiém. Nha nghién ctu xay dung va
kiém tra cac gia thuyet nghién ctru va xac dinh anh huong cua nhitng nhan 6 thi
nghiém (Bién doc lap) deén bién phan hoi (Bién phu thudc) bang thuc nghiém.
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Kiéu thtr 2 1a nghién ctu thu thap sé liéu thuan tdy. Bang cach nghién ciu
hay, nha nghién ctru c6 thé kham pha va xac dinh dugc méi lién hé giita bién phu
thudc va cac bién doc 1ap. Tuy vay, nha nghién ctru khong thé kiém tra duoc viéc
thu thap s6 liéu va khong thé tra 101 rd cac cau hoi kém theo d6 tin cdy cua két qua
nghién ctru.

Kiéu thtr 3 1a nhitng diéu tra mau. Bang viéc rat mau tir tong thé, nha nghién
ctru ¢4 thé thu dugc mot két qua tét va xac dinh dugc sai sd cta két qua nghién clru.
Tuy vay, ciing gibng nhu nghién cau thu | thap s6 liéu thuan tdy, nha nghién ciru rat
khé dwa ra 16i giai thich ro rang cho m0| quan h¢ gitra cac déc tinh cua bién phu
thudc va cac bién doc lap. Mat khac, néu st dung mau nho, thi cac két ludn rat ra tir
diéu tra mau co thé phan anh sai 1éch dbi twong nghién ctru.

Kiéu thir 4 1 nhitng nghién ctru ¢d kha ning giai thich. Nha nghién ctru chon
lya va do dac nhitng mau chaa nhitng bién sé can xem xét dé tim ra loi giai thich.
T nhitng mau do dac, nha nghién cru nhan thay mot s sy kién nhat dinh xuét
hién. Néu tat ca nhitng bién giai thich quan trong déu dugc do dac, thi nhitng nghién
cru nay c6 thé dua ra nhiing két luan vé dic tinh caa nhiing bién giai thich kém
theo do tin cay.

Kiéu thtr 5 1a nhitng nghién ctu giai thich. Tir nghién ctru mbi quan hé gitra
nhirng bién phan hoi va nhiing bién giai thich, nha nghién ctru c6 thé xay dung cac
mo hinh dé giai thich nhiing nguyén nhan dan dén bién dong cta nhiing bién phan
hoi. Thong qua cic ham phan hdi, nha nghién ctu c6 thé tra 101 rd mdi bién giai
thich d6ng gop bao nhiéu phan trim trong bién dong cua nhiing bién phan hoi. Mat
khac, cac ham phan hoi con cho phép udc luong va dy doan nhitng bién phan hoi tir
nhiing bién giai thich.

Trong 1am hoc, ngudi ta phan chia cac nghién ciru thanh hai kiéu. Kiéu thir
nhat 13 nhitng nghién ctru giai thich. Kiéu tht hai 1a nhitng nghién ciru ing dung.
Kiéu thtr nhat dugc st dung dé xac dinh nhitng bién giai thich anh hudng 16n dén
bién phan hdi. Kiéu thir hai 14 nhiing nghién ciru véi muc dich thuc hanh hay k¥
thuat. Muc dich co ban cua cac nghién ctru trong 1am hoc 13 xac dinh quy luat song
cta rimg dé xay dung 1y thuyét vé rimg va nhitng phuong thirc 1am sinh. Lam hoc 1a
mot mon sinh thai hoc rng dung. Phuong phép nghién ctru co ban cua lam hoc 1a
phuong phap quan sat va mo ta nhimg hién tugng xuat hién ¢ rimg; sau dé thuc
nghiém dé kiém ching lai nhiing hién tuong nay. Nhimg hién tuong dap ing t6t
muc tiéu ciia 1am hoc s& duge sir dung dé xay dung nhimng nguyén 1y 1am sinh. Do
nhiéu han ché khac nhau, nén trong nhiéu trudng hop nha 1am hoc thuong kho giai
thich tt ca nhitng hién tugng quan sat dugc. Vi thé, bén canh nhiing nghién ciru cia
minh, 1am hoc ciing sir dung nhitng két qua nghién ciru ciia cac khoa hoc khac (khi
hau — thuy van rung, thuc vat hoc, sinh 1y thuc vat, dia ly, dia chat, dit, dong vat,
coOn trung va bénh cay...).
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1.6. Phwrong phép phan tich s6 li¢u trong 1am hoc
1.6.1. Giéi thiéu chung
Phan tich s6 liéu trong 14am hoc bao gdm nhitng budc co ban dudi day.

(1) Kiém tra s6 liéu thu thap duoc. Pay 1a tha tuc xac dinh chat luong cua nhirng sb
liéu thu thap duoc. Kiém tra sé liéu nhdm 1am rd mét sd cau hoi sau ddy: (a)
Nhitng s6 ngoai lai nao xut hién? (b) Nhimng sb liéu nao bi that lac? (c) Sai sd
ctia s liéu nhu thé nao? (d) S lidu c6 can phai do dac bd sung hay khong?

(2) Kiém tra sb liéu dé xac dinh phuong phap xtr 1y. (3 budc ndy, nha 1am hoc can
kiém tra nhirg gia dinh ma phuong phap xu ly s6 lidu doi hoi. Ngoai ra, xac
dinh phuong phap bién ddi cac s lidu. Chang han: Nhiing s6 liéu nao can phai
bién d6i nhu l1ay log, can bac hai..

(3) Chuan bi dung lwong mau cho qué trinh xt 1y.
(4) Xac dinh phuong phéap xir 1y, phan tich va tong hop sé liéu sau khi xu 1y.

(5) Xac dinh cong cu xu 1y sb liéu. Chﬁng han: Phan mém may tinh dugc sir dung
deé xur 1y, phan tich va tong hop két qua.

Duéi ddy chi gi6i thiéu mot sé khia canh chung co lién quan dén sy bién doi
s6 lidu trudce khi ap dung nhirng phuong phap xu ly s6 lidu. Do 1a bién doi dir lidu
va lap bang tan s6 cho cac bién dé phan tich...Cac chuong sau trinh bay nhing
phuong phap xir 1y s6 lidu ddi véi ting truong hop cu thé.

1.6.2. Bién d6i, chuan hod va lay trong sé
1.6.2.1. Bién déi sé ligu

Viéc ap dung nhimng k¥ thuat tinh toan dé xtr Iy thong tin trong 1am hoc 1a
viéc 1am rat quan trong. Bién d6i sb liéu 1a thay thé s6 do nay bang sd do khac.
Trong 1am hoc, bién ddi s6 lidu thudng dugc st dung trong trudng hop cac bién sb
khong c6 quan hé tuyén tinh véi nhau. Tuy theo muc dich bién doi, ching ta co thé
str dung hai kiéu bién ddi s6 liéu. Kiéu thtr nhat bao gdm nhiing bién ddi sb licu
theo kiéu dinh tdm va kiéu chuén hoa. Kiéu bién doi nay phu hop véi viée tao ra
nhirng b1en so sanh. Chang han: (a) Bién d6i mtrc do ' phong phu cua cac lodi cay gb
trong 6 mau; (b) Bién 601 cac gia tri cua cac nhan t6 moi truong. Kiéu thtr hai bao
gom nhirng bién doi s liéu nham phat hién quy luat phan bd hay mo hinh nhat
dinh. Kiéu thtr hai dugc ap dung thich hop cho viéc xay dung cac md hinh hdi quy
nham giai thich mbi quan hé giita cac dic tinh ciia cAy gd va rimg v6i nhitng nhan
t6 sinh thai va cho nhiéu muc dich phan tich khac.

(a) Bién doi so ligu theo kiéu dinh tam. Kicu bién doi nay dugc sir dung dé so
sanh su khac biét giita s6 do ciia mot mau (Y,;) véi s6 trung binh ctia n mau (Ygo)
(Cong thirc 1.4). Gia tri Y\* va Yy tuong rng 1a gia tri Y thir k cua bién i sau khi
bién d6i va trudc khi bién doi. Trong lam hoc, dang bién d6i nay co the ap dung cho
nhiéu truong hop khac nhau. Chang han: (1) So sénh sy khac biét vé kich thudc cay
con gitra cac nghiém thirc khac nhau; (2) So sanh sy khac biét vé ning suat rimg
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giita cac lap dia khac nhau; (3) So sanh sy khéc biét vé kich thudc cdy gb va quan
thu gitra cac phuong thirc 1am sinh. Néi chung, sb liéu bién ddi theo kiéu dinh tdm
chi thich hop cho muc dich so sanh su khéc biét gitra s6 do mot mau hoic mot sé
mau v&i s6 trung binh cua tat ca cac mau.

Yii = Yii— Yao (1.4)

(b) Bién doi so ligu ddi véi nhiing gia tri phan bo theo quy lugt nhar dinh.
Trong phén tich hoi quy tuyen tinh, gia dinh dat ra la sai s6 cua bién phy thuoc 1a
ngau nhién va phan bé chuan. Néu sai sb ngau nhién khéng tuan theo phan bé
chuan, thi bién phu thudc c6 thé duoc bién doi ¢ dang Logarit (Cong thirc 1.5 va
1.6), dang can béac 2 (Cong thirc 1.7) va dang mi (Cong thirc 1.8). O dang Logarit,
cong thie 1.6 duogc sir dung khi mot sé bién Y ; nhan gia tri bang Zero.

Yui =Ln(Yy) (1.5)
Yii =Ln(Yyi+1) (1.6)
Y = Yii? (1.7)
Yii=a™ (1.8)

Dang bién doi Logarit thuong dugc su dung cho nhirng muc dich sau day: (a)
Xéc dinh nhitng dic trung théng ké caa phan bé chuan ddi véi nhitng bién phan b
& dang Lognormal; (b) Xac dinh trong s6 nho & loai wu thé, con trong sb 16n ¢
nhimg loai c6 d¢ phong pht thap; (c) Xac dinh phan hoi cia nhiing loai cay gd véi
mot sd bién moi truong. Dang bién doi sé liéu bang cach lay can bac 2 duoc st
dung cho hai muc dich: (1) Xac dinh nhitng bién s6 ¢ dang phan bé Poisson; (2)
Xéc dinh trong s6 nho & loai uu thé, con trong sb 16n & nhiing loai ¢6 do phong phti
thap. Dang bién doi s6 liéu & dang mil duoc sir dung dé 1am tang d6 phong phu cua
loai wu thé trong QXTV.

(c) Bién @i so liéu theo thang dinh danh c6 thiz bdc hon kém va khéng c6
thit bdc hon kém. Cach bién ddi theo thir bac hon kém duoc st dung cho nhiéu
truong hop khac nhau. Chéng han: (1) Phan tich mdi quan hé giira nang suét ring
(Y) voi Cap do day tang dat (X); (2) Phan tich m01 quan h¢ gilta nang sut ring (Y)
vai cac cap chi so lap dia (SI); (3) Phan tich moi quan h¢ gitra chiéu cao (H, m) cua
ciy con véi cip bénh (X). Trong truong hop ndy, bién phu thudc (Y) va bién doc
1ap (X) déu dugc phan chia thanh cac cdp theo thtr bac hon kém. Cac cip Y va X
dugc mi héa thanh nhimng s6 ndo d6. D6 16n cia mdi cap Y va X thay doi tuy theo
truong hop. Bién doi s6 lidu theo thang dinh danh khong cé thir bac hon kém duoc
st dung cho nhiéu truong hop khac nhau. Chéng han: Xac dinh mbi ‘quan h¢ gilra
d6 bat gap (1) va khong bat 2ap (0) loai cay g6 quan tam voi nhing blen moi truong
khéac nhau. Hai cach blen d6i nay c6 wu diém: (1) Xac dinh nhanh moi quan hé gilia
cac dic tinh cta cay gd va rimg voi nhimg yéu to moi truong; (2) Lam giam khoi
luong cdng viéc trong nhiing nghién ctru tham thuc vat. Hai cach blen do6i nay ¢o
mot sb nhugc diém: (1) Ket qua phén tich phu thudc vao viéc phan cap céc bién; (2)
Phén cép cac bién 1am mat di nhiéu thdng tin hitu ich; (3) S6 luong va khoang cach
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gifra cac cAp c6 thé anh huéng dén nhitng két luan. N6i chung, néu cac dai luong
lay gié tri lién tuc, thi bién doi so liéu theo thang dinh danh c6 tha bac la can thiét.

1.6.2.2. Chudn hoa sé liéu

Chuan hoéa s6 lidu 1a loai bo cac don vi do ciia cac bién _phan hoi (Bién phu
thugc) va cac bién giai thich (Blen doc 1ap). Trong phan tich hdi quy da bién, cach
bién d6i nay dugc sir dung dé xac dinh vai tro cta cic bién gidi thich trong ham
phan hoi. Trong 1am hoc, chudn héa cac bién nham nhing muc dich sau day: (1)
Xéc dinh khuynh hudng bién doi ciia bién phan héi theo cac bién giai thich; (2) Xac
dinh rd mirc d6 hay cuong do anh hudng cia tirng bién giai thich dbi v6i bién phan
hoi.

Khi chuan hod sé liu, cac gia tri Y duoc xac dinh theo cong thic 1.9; trong
d6 Y, 1a gia tri Y thi k cua bién i sau khi bién ddi, Sy 12 sai tiéu chuan caa chudi s6
lieu, Yy 13 tong cac gia tri Yy, Yis/n 13 gia tri trung binh cua n gia tri Yy Nhiing
bién chuan hoa c6 trung binh bang Zero va phuong sai bang 1.

Ve

S, (1.9)

(a) Chudn hod déi véi méi diém thu mau. Cach bién doi nay duoc ap dung
trong truong hop d6 phong phd caa cac Ioal cy gd dugc thu thap trén nhing 6 mau
¢6 kich thudc khéac nhau. Boi vi loai cay gb hiém gap c6 khuynh huéng xuét hién &
nhitng 6 mau 16n, nén sé do sy twong dong co thé bi sai 1éch. Trong thyc hanh,
truéc hét tap hop do ) phong phu cua tirng Ioal cay go va tinh tong d6 phong phu cua
tat ca cac loai cdy gb trong mot diém thu mau. Ké den tinh do phong phu twong dbi
theo don vi phan mudi hoac phan traim d6i véi mdi loai bang cach chia do phong
pht cia mdi loai cho tong do phong phu cua tat ca cac loai.

(b) Chudn hod doi véi toan bé cac diém thu mau. Trudc hét tong hop do
phong phi cua mdi lodi cay g trong tat ca cac diém thu mau. Ké dén tinh d6 phong
phu tuong dol ciia mdi loai cay gd bang cach chia do phong phu cua no trong mot
diém thu mau cho tong do phong phl cua né ¢ tit ca cac diém thu mau. Phuong
phép nay lam tang d6 phong phu cua loai hiém gap, nhung lam giam d6 phong phu
cua loai thuong gap. Cach bién d6i nay chi duoc ap dung trong nhitng truong hop
s6 loai ¢ cac diém thu mau khéac nhau khong qua nhiéu va cac loai c6 do phong ph
khéc nhau.

(¢) Chudn hoa theo loai ¢ d@é phong ph lén nhdt. Cach chuan hoa nay duoc
thuc hién bang cach chia do phong phl ciia mdi loai cay gb cho do phong pha Ién
nhat cua loai cay gd nao d6. Khi 4p dung cach chuan hoa nay, nha 1am hoc can phai
lwu ¥ dén su phong phd thanh phan loai va kich thuéc 6 mau. Khi sir dung kich
thudc 6 mau Ion, thi 46 phong phu cua nhitng loai thuong gap c6 thé nhan gia tri
Ion. Neu mot chi s6 dugc sir dung Vi trong s6 d6 phong phu I6n, thi nhitng diém
thu mau c6 nhiéu diém sé bang nhau s& tra nén khac nhau rat 16n so véi nhimng diém
¢ pham vi diém s6 16n. Trong 1am hoc, cach chuan hoa nay dwoc ap dung véi muc
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dich tao ra day s6 liéu moi phy thuoc khong 1on vao kicu s6 ligu (thé tich, tiét dién
ngang, sinh khoi, so luong cé the, do che phu...).

1.6.3. Phan bo tin s6

Khi ap dung toan thong k& d¢ phén tich s6 liéu trong 1am hoc, diéu quan
trong | phai biét quy ludt phan bd cua nhitng dic & mirc cdy go va quan thyu. Nhitng
dic tinh ctia cdy gd va quan thu thuong phan b theo hai kiéu lién tuc va dut quang.
Khi dai lwong nghién ciru nhan nhirng gia tri lién tuc trong mot khoang nao do, thi
dai luong ay phan bé lién tu. Ching han: Buong kinh va chiéu cao than cay la
nhitng dai Iwgng nhan nhitng gia tri lién tuc. Khi dai lugng nghién ctru nhan nhirng
gia tri xac dinh, thi dai luong dy phan b dut quang. Chang han: S6 qua trén cay; sb
cay trén mot 6 mau. Phan b chuan dic trung cho nhitng bién phan bé lién tuc. Phan
bd nhi thirc va phan b Poisson dic trung cho phan bd dit quang.

Phéan bd ciia mot sé dic trung cua quan thu c6 thé & dang phan bd chuan
hoic dang phan bé 1éch chuan (Hinh 1.2).

N (S ciy/ha)
1400 1
1200 4
1000 1
800 A
600 4
400 A
200 1

""" N (Phin bd léch phai) — N (Phin bé chudn)
== =N (Phan bé léch trai)

Hinh 1.2. Ba kiéu phan b sb cay theo cap chiéu cao cia rimg trong
thuan loai dong tudi.

Phan b léch chuan dic trung 1a phan b Lognormal. Mot bién s6 c6 phan bd
Lognormal néu Logarit caa n6 c6 phan b chuan. Khi mét bién sé ¢ phan bé léch
chuan, chdng ta c6 thé bién ddi nd vé dang phan bd chuan bang cach lay Logarit
thap phan hoac Logarit ty nhién. Viéc bién ddi sb liéu nhu trén s& khdng l1am sai
léch két qua, bai Vi gia tri trung binh cua bién sé da bién doi ¢ thé nhan duoc bang
cach lay d6i Logarit. Tri trung binh 1a mot wdc lugng cua trung vi cua phan bd
Lognormal. Néu mét bién sd c6 sai tiéu chuan Ién hon gié trj trung binh hoic gia tri
I6n nhat 16n hon 20 1an gi4 tri nho nhat, thi bién sb do6 phan bd theo dang
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Lognormal. Trong 1am hoc, phan b6 chuan va phan b6 Lognormal thuong duoc img
dung dé mo ta phan bo so cay theo cap duong kinh (N/D) va cap H (N/H). Phan bo
nhi thirc va phan bo Poisson thuong duoc (ng dung dé mo ta phan bo so6 cay trén
mat dat.

1.7. Do tin cdy ciia két qua nghién ciru

Vé ly thuyét, mot nghién ctu phai tuan thu nhiing yéu ciu co ban sau day:
(1) Muc tiéu nghién ctu rd rang; (2) Bm tuong nghién cau rd rang; (3) Nhing gia
thuyét dé kiém dinh va nhirng tham sb u6c lugng rd rang; (4) Rat mau ngau nhién
hozc thiét ké nghiém thac ngau nhién; (5) Muc sai s6 cua quyét dinh sai thich hop;
(6) Thiét ké nghién ctru dya trén nhiing thu tuc chat ché; (7) Sir dung nhiing phuong
phap nghién ctu thich hop; (8) Nhirng két luan phai ré rang va chi lién quan dén
nhitng cau hoi va muc tiéu nghién ctu.

Mot thiét ké nghién caru dap ung t6t hhiing yéu cau trén day s& dua ra duoc
nhiing ket luan rd rang vé tong thé va cung cap co SO dé giai thich nhimg nhguyén
nhan vé nhiing khac biét hay nhiing dnh huong va mdi quan hé giira cac bién sé.
Nhitng ching cir vé mdi quan hé nhan qua chi co tinh thuyét phuc cao khi céc
nghi¢m thirc dugc ap dung cho d6i twong nghién cau. Néu chi dwa trén nhing sd
lidu diéu tra bang phuong phap quan sat va mé ta, thi nha 1am hoc khong thé giai
thich ré rang mbi quan hé nhan qua gitra cac bién. P& ching minh cho nhitng nhan
dinh trén day, chung xem xét hai phuong phap nghién citu anh hudéng cia moi
truong dén sinh trudng cua rirng Dau con rai (Dipterocarpus alatus).

Phuong phéap 1. Khi nghién ctru anh huong ctia ham luong phéan tong hop
NPK (X) dén sinh khdi (B) ciia rimg Dau con rai, nha 1am hoc thiét ké céac 16 thi
nghiém ngau nhién trén nén dat déng nhat; trong d6 cac 16 thi nghiém dwoc bon
phan tong hop NPK theo mtrc tang dan tir 0, 5, 10,..., 50 g/gbc. Tur Sé liéu cua thi
nghiém nay, nha 1am hoc nhan thay: (1) O giéi han thap cua phan tong hop NPK,
sinh khdi ctia rimg Dau con rai gia ting dan nhung gia tang rat cham; (2) Ké dén khi
tang ham luong phan tong hop NPK, thi sinh khdi ctia rimg Dau con rai ting lén rat
nhanh va dat 16n nhat & mic X nao do; (3) Khi tiép tuc gia ting ham luong phéan
tong hop NPK Ién muc rat cao, thi sinh khéi cua rung Dau con rai lai suy giam dan
Trong truong hop nay, ham phan hdi B = f(X) ton tai & dang ham bac 2 vai hé s6
clia X? mang gia tri am. Bang cach khai trién ham nay, nha 1am hoc xac dinh dugc
cac tham sb sinh thai nhu bién do NPK thich hop, ham lugng NPK t6i uu va pham
vi chdng chiu ctia Dau con rai ddi v6i ham luong phan tong hop NPK. Phuong phap
bb tri thi nghiém va xtr 1y sb liéu nhu trén day gitp cho nha 1am hoc nhan duoc két
qua rd rang vé anh huong caa ham lugng phéan téng hgp NPK dén sinh truong cia
rimg Dau con rai.

Phuong phap 2. Khi nghién ctru anh huéng ctia ham lwong dam (X) & 16p dat
mat dudi tan rimg ty nhién dén sinh khéi (B) cua rimg Dau con réi, nha 1am hoc xac
dinh B ctia rimg Dau con rai kém theo ham lugng dam trong dat. Sau d6, bang phan
tich ham phan hdi B = f(X), nha 1am hoc ciing nhan duoc mé hinh B = f(X) t6n tai &
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dang ham bac 2 voi hé sb cua X? mang gia tri 4m. Bang cach khai trién ham nay,
xac dinh dugc cac tham s sinh thai (bién do sinh thai, t6i vu sinh thai va pham vi
chdng chiu). Tuy vay, két luan dua ra & trudng hop nay 1a kém tin truéong. Nguyén
nhan 1a vi sinh khéi cua rung DAu con rai khong chi phu thudc vao ham lugng dam
trong dat, ma con nhiéu nhan té khac trong méi truong dat. Bé xac dinh chinh xéac
nhiing nhan t6 din dén su thay doi sinh khéi ciia rimg Dau con rai ¢ trudng hop
nay, nha 1am hoc can phai xay dung mé hinh phan hoi dwa theo nhiéu bién giai
thich khac nhau.

Néi chung, d6 tin ciy cua nhiing két luan rat ra tir nhitng nghién ctru 1am hoc
phu thudc vao phuong phap nghién ctru. Cac bién phan hdi phu thudc vao nhicu
bién giai thich khac nhau. Boi vi co rat nhidu bién giai thich, nén nha 1am hoc
khong thé xac dinh chinh xac mdi quan hé giita cac bién phan hoi véi cac bién giai
thich. Vi thé, tinh khdng pht hop cua nhitng két luan 1a do nha 1am hoc khong tuan
thii ding nhiing thii tuc nghién ciru. Dudi day 1a mot s6 nguyén nhan din dén nhimng
két luan kém tin cy.

(1) St dung khéng diing phan tich thong ké. Nhiing sai sot cia viéc lam dung
phan tich théng ké 1a do: (a) Qua it thi nghiém va phan tich thi nghiém khong dung;
(b) Str dung khong dung nguyén ly va nhing tiéu chuan thdng ké; (c) Xay dung
ham phan hoéi khong ding quy luat; (d) Thiéu hiéu biét vé nhitng mbi lién hé giira
ciy gb va ring v6i didu kién méi truong...

(2) Sir dung s6 liéu diéu tra thuan tiy dé 1am ching cir khoa hoc. S liéu thu
thap tir nhimng cudc diéu tra don gian khong thé cho ra két luan tin tuéng.

(3) Nhitng s6 liéu khong thé gidi thlgh la do thu mau treéch. Néu mau khong
dugc rut ngau nhién, thi nha 1am hoc co 'Ehé nhan duogc nhimg ket lugn kém tin cay
vé tong thé. Sur dung phuong phap rat mau dién hinh thuong dan dén két luan kém
tin cay.

(4) Nhizng nguon khdng thé gidi thich khac. Nhitng két luan sai co6 thé 1a do
nha 1am hoc dat sai gia thuyét; sir dung sai phuong phap phén tich théng ké; st
dung khong phi hop muc ¥ nghia thong k...

Tinh phic tap cua nhimg nghién ciu trong 1am hoc biéu hién ¢ chd: (1)
Nhitng bién nghién ctu thuong c6 bién dong manh; (2) Su tuwong tac phuc tap gitta
céc bién giai thich va gitra cdc bién giai thich véi bien phan hoi; (3) Thiéu chac
chan vé nguyén nhan caa nhitng méi lién hé. Nhiing kho khan nay cang tang Ién khi
nghlen ctiu trong diéu kién & ngoai troi. Bién dong manh cua nhitng bién thu thap &
ngoai troi 1a do ching chiu anh huong cia nhiéu nhan t6 khac nhau. Ngoai ra,
nhitng nhan té6 moi trudng thudng thay d6i theo khdng gian va thoi gian. Chang
han: P phong phu cua cac loai cay gd trong QXTV ¢6 mdi quan hé khdng chi Voi
pH, nuéc, nhiét do, ma con véi ham luong khodng chat trong dat va sinh vat
khéc...Nhiéu bién giai thich ¢ quan h¢ véi nhau hay cé hién tuong cong tuyén tinh.
Chang han: (a) Nudc ¢ anh huong dén ham luong chat khoang va nhiét do dat; (b)
Thanh phan khoang anh huéng dén pH; (c) Cac bién khi hau c6 quan hé véi nhau;
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(d) Céc déc tinh cua cay gd va rung ciing ¢6 quan hé voi nhau...Nhiing bién phan
hdi ciing 6 hién tuong cong tuyén tinh tuwong tu nhu cac bién giai thich. Vi thé, nha
1am hoc khong thé dé dang xéac dinh va giai thich rd rang nhiing hién tuong quan sat
trong diéu kién nghién ctru & ngoai troi

MGt trong nhitng phuong phap phan tich s6 lidu vé rung la st dung phuong
phap phan tich hdi quy va tuong quan da bién. Nhung mudn &p dung tét ky thuat
phan tich hdi quy da bién, nha 14m hoc can phai tuan tha ding phwong phap bd tri
thi nghiém va phuong phap thu thap cac dit liéu theo chi din cua théng ké toan hoc.
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Chuong 2
PHAN TiCH KET CAU VA PA DANG LOAI CAY GO

2.1. Khai niém vé két cau loai cay gb

Rung bao gdm nhiéu loai thyc vat khac nhau (cay gd, cdy than bui, cdy than
thao, cay than leo...); trong d6 cay gb 1a ddi tuong nghién ctru cua lam hoc. So di
lam hoc chi tap trung nghién ctru cac loai cay go la vi chung la thanh phan chinh
cua rung. Chung cung cap cho con nguoi nhiéu san pham da dang (gd, cui, nhya,
hoa, qua...) dé sir dung vao doi séng xa hoi. Ngoai ra, tai nguyén gd con c6 ¥ nghia
kinh doanh.

Trong lam hoc, thuét ngir két cau loai cay gb (Tree Species Composition)
biéu thi thanh phan loai cay go va ty 1¢ d6 phong phu cua mai lodi cdy gd trong Mot
QXTV. Thanh phan loai cay gd 1a so loai cay gd (S, loai) bat gip trong QXTV. Ty
1¢ d6 phong phu cua mdi loai cay gb trong QXTV duoc biéu thi bang don vi phan
mudi hodc phan trim. Tong ty 1é d6 phong phu ciia cac loai cay gb trong QXTV la
1 hoac 100%.

Két cau loai cay g khac voi két cau hé thyc vat. Két cau hé thyc vat biéu thi
thanh phan loai cay va ty 1é do phong phu cua m01 loai cay trong QXTV. Boi vi lam
hoc chi tap trung nghién ciu ket cau loai cay g0, nén két cu QXTV dugc hiéu 1a
ket cAu quan x3 cdy gd hay két cdu quan thy (Stand). Khi phan tich két cau loai cay
gd cua ring, nha 1am hoc tap trung 1am rd nhitng cau hoi dudi day.

(1) Murc d9 giau co vé loai cay go ciia QXTV nhu thé nao? Cau hoi nay duoc
tra 101 théng qua sb loai (S, loai) cay gd bat gip trong QXTV va chi s6 giau co vé
loai.

(2) Vai tro sinh thai cua mdi lodi ciy gb trong QXTV nhu thé nao? Vai tro
sinh thai ctia lodi cay gb phan anh murc do cai blen moi trudng cua no. Vé 1y thuyét,
mirc d6 cai bién moi truong cua moi lodi cdy gb va nhom loai cay gb dugce danh gia
thong qua kha nang héap thu va thai nang lugng va vat chat vao moi truong. Thong
thuong, ngudn nang luong va vét chat ma mdi loai cay gd thu vao va thai ra moi
truong 1 nhimg bién rat kho do dac tai rimg. Duya trén quan diém cho rang loai cdy
gd ndo co do phong phu 16n hon thi loai dé cai bién mdi trudng 16n hon, cau hoi 2
duoc tra 16i thong qua phan tich d6 phong phu ctia mdi loai cay gb.

(3) Loai cay gb nao dong vai trd wu thé sinh thai trong QXTV? D6 1a loai cay
g0 c6 do phong phu 16n nhat trong QXTV.

(4) Loai cay gd nao déng vai tro dong wu thé sinh thai? D6 1a loai cay gb c6
do phong pht l6n thtr 2 trong QXTV.
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(5) Nhiing loai cay gd nao la nhiing loai phu thugc? Do la nhing loai cay 2o
c6 d6 phong pht thap hon so voi loai cady go dong uu thé sinh thai va doi1 song cua
chig phu thuc vao nhiing loai cay go vu thé va dong uu the.

(6) Nhimg loai cay gd nao co y nghia kinh doanh? D6 1a nhiing loai cay gd
dap ung dugc yéu cau cua thi truong.

(7) Nhiing loai cay go nao can duoc bao ton? D6 1a nhiing loai cay gd quy,
hiém hodc c6 gia tri cao vé khoa hoc va kinh té nhung chung dang c6 nguy co bi
tuyét ching.

(8) Vai trd cua nhitng nhom loai cay gd trong QXTV nhu thé nio? Nhém
loai cay gd c6 thé dugc phan chia theo muc dich nghién ctru va muc dich sir dung
rimg. Néu muc dich nghién ctru 1a cung cip thong tin vé cac don vi phan loai thuc
vat, thi nhém loai ciy gd c6 thé dugc phéan chia theo 7 don vi (Gi6i, Nganh, Lép,
B9, Ho, Chi, Loai). Theo muyc dich st dung rung hay muc dich kinh doanh, cac loai
ciy g6 dugc phan chia theo hai nhém: Nhom loai cay gd c6 ¥ nghia kinh doanh va
nhom loai cay 0 phi kinh té. V& ban chét, khong c6 loai cay gd nao la loai phi kinh
té. Nha kinh doanh rimng st dung thuat ngit “Loai cay gd phi kinh t&” chi ngy y réng
cho dén nay thi trudng khong c6 nhu cau vé nhimng san pham cta nhiing loai cay gb
nay.

Phén tich két cu loai cay gd mang lai nhiéu y nghia khac nhau. Vé khoa
hoc, nhiing nghién ctru vé két cdu loai cay gd trong nhimg QXTV khac nhau cung
cAp nhitng thong tin cho phan loai rimg, xéac dinh vung song cua cac loai cay go,
danh gia vai tr0 sinh thai cua cac loai cay go va xdy dyng nhimg nguyén ly lam
sinh. V& thyc tién, nhiing thong tin vé két cau loai cdy gb gitp ich cho viéc phan
chia cac don vi kinh doanh rung, chon Iya nhiing loai cdy kinh doanh, bao ton
nhiing loai cay gd quy, hiém hodc co gia tri cao vé kinh té.

2.2. Phuwong phap xac dinh vai tro sinh thai ciia cac loai ciy gb trong QXTV
2.2.1. Do phong phu cia loai ciy gb, cAy bui va cdy than thao

Trong 1am hoc, thuat ngit “Po phong phu” cua loai cay gb duoc sir dung theo
hai nghia khac nhau. Mot 13, theo nghia rong, do phong phu biéu thi khéi luong caa
loai cay gd trong QXTV trén 6 mau. Ching han: G (m?), M (m®), B (kg hodc tén)
cua loai cAy g6 trén dién tich thu mau hodc trén mot don vi dién tich (1 ha). Hai 13,
theo nghia hep, d6 phong phu phan anh s6 lugng ca the hay mét d6 (N, cay) cua loai
cay go trén 0 MAu, tan so bat gap loai (F) trén 6 mau tong do che chiéu cua tan 14
theo chiéu nam ngang (C, m ) trén dién tich thu mau hoic trén mot don vi dién tich
(1 ha). Po phong phi la mét dic tinh quan trong cua loai cay g, boi vi né thuyét
minh cho vai tro sinh thai cia mdi loai cay gd trong su hinh thanh QXTV. Duéi day
gidi thiéu mot s6 chi tiéu biéu thi ¢6 phong phu cua cac loai cay gd, cay bui va tham
co trong cac QXTV rung.

(1) Mdt dg cua loai cdy go. Chi tiéu nay biéu thi s6 lwong ca thé cia loai cay
b song hay dinh cu trén mot dién tich nhat dinh, thuong 1a 1ha. Di lap véi thuat
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ngit mat do 1a dién tich trung binh ma maot ca thé su dung Mat do cua loai cay go
trén 1 ha duoc xac dinh theo cong thirc 2.1; trong do s (m?) = dién tich 6 miu, S =
dién tich 1 ha (10.000 m?), n; = s cay trong 6 mau.

N; (Cay/ha) = ni*(g) (2.1)

Trong 1am hoc, mat d6 1a chi tiéu don gian nhat duoc st dung dé danh gia vai
tro sinh thai cua loai cay gd trong QXTV. Tuy nhién, mat do khong phai ludn luén
la chi tiéu danh gia dung vai tro sinh thai cia mot lodi cay gb trong QXTV. biéu
nay duoc giai thich béi vai tro sinh thai cia mot loai cay gd phu thudc khong chi
vao mat d6, ma con vao nhiéu chi tiéu khac nhu hinh dang va d6 Ién cua nd, trang
thai ca thé va diéu kién lap dia...That vay, gia thiét 1 ha rirng ¢ 15 cay Dau con rai
(Dipterocarpus alatus Roxb) véi dudng kinh ngang nguc (D, cm) 1a 50 cm va chiéu
cao toan than (H, m) 1a 30 m; 15 cay Dén do (Xylopia vielana Pierre) véi D = 40 cm
va H = 25 m. Theo chi tiéu mat do, hai loai cay nay dong vai tro sinh thai tuong tu
nhu nhau trong QXTV. Thé nhung, néu cin cir vao kich thude (D, H), thi V cia
Dau con réi (2,7 m¥/ha) 16n hon 1,9 14n so v6i Dén d6 (1,4 m*/ha). Tir vi du nay cho
thdy, chi tiéu mat d6 ty n6 phan anh khong chinh xac do phong phl va vai tro sinh
thai cia moi loai cay gb trong QXTV. Chi tiéu mat do chi c6 ¥ nghia khi kich thuéc
cua cac loai cay gb dem so sanh 1a twong dong véi nhau.

(2) D6 che phu cua loai cdy go. Chi tiéu nay biéu thi phan trim hodc phan
mudi dién tich mat dat nam ngang trong QXTV trén 6 mau ma mdi loai cay gb che
phu. Nguoi ta phéan biét hai loai d6 che phu 1a do che phu thuc va d che chiéu. Po
che phu thuc cua mot loai cay 0 14 phan tram hoic phan muoi dién tich mat dat
nam ngang ma goc caa né che pht. Nguoc lai, d6 che chiéu cua loai cay gb la phan
trim hoic phan muoi dién tich mat dat nam ngang ma tan 1a caa né che chiéu. o
che phu cua cay bui thuong chi duoc xac dinh theo dién tich tan che trén mat dat
trong 6 mau. P9 che phu cia cdy gd va ciy bui thuong duge xac dinh kha chinh
xé4c. Trai lai, do che phu caa tham co 1a chi tiéu rat kho xac dinh chinh xéc. Trong
1am hoc, d6 phong phti cia tham cé thudng duge danh gia theo nhiéu chi tiéu khac
nhau: () Trong lugng (twoi, kho khong khi hodc kho tuyét d6i); (b) Phan tram dién
tich mat dat duoc loai xam chiém; (c) S6 cay trén don vi dién tich...Can ctr Vvao sb
luong cé the va phan tram dién tich mat dat duoc loai chiém doat trén 1 don vi dién
tich (Im ?), Druze di phan chia d6 phong phu cua tham co thanh 7 cap (Bang 2. 1).
Pé dé dang ap dung toan hoc trong phan tich s6 liéu, sb ca thé xudt hién trén 6 mau
dugce ma hoa theo thir bac ting dan tir 0 — 6.

(3) Trong lwong hodc khéi lieong cua 10ai cdy go. Chi tiéu nay biéu thi trong
luong (kg/m?, tan/ha) hoac khdi lugng (m®/ha) cua loi cay gd trén mot don vi dién
tich hay thé tich nhat dinh. So véi khéi lugng cua lodi cay gd, trong lugng cia loai
¢6 ¥ nghia sinh thai cao hon. That vay, trong luong cua mot l0ai cay gd cho biét
khdi luong vat chat va nang lugng dugc nd hap thu va thai ra méi truong. Thong
qua trong luong cua cac lodi cay gd, nha 1am hoc khong chi xay dung duoc mé hinh
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biéu din chu trinh va dong thai chuyén héa vat chat va nang luong trong QXTV,
ma con lam rd moi quan hé gitra cac loai cay go v&i moi truong.

Bang 2.1. Phan cap do phong phl cua cac loai cdy than thao séng dudi tan rung
theo phuong phap cua Druze.

Phan chia theo hé thong 7 cap:
Tiéu chuan danh gia theo:

Thu tu Cap che phu

Ma hoa S6 ca thé Do che phit (%)

) (2) 3) (4) (5)

1 Soct) 6 RAt nhiéu 76 - 100

2 Cops 5 Nhiéu 51 -75

3 Cop, 4 Tuong d6i nhiéu 21 - 50

4 Cop, 3 Tuong d6i 5-20

5 Sp 2 ft 1-4

6 Sol 1 Rat it <1

7 Un 0 Chi mot ca thé <0,2

(*) Viét tat tir chix La tinh: Socialis = Soc, Copiosus = Cop, Spars = Sp, Unicus = Un.

(4) Do thuong gap (F = Frequency). Chi tiéu nay biéu thi phan muoi hoic
phan traim sd 6 mau bat gap loai cay quan tam ma khéng phu thudc vao d6 phong
phu cua no. DY thuong gap cua mot loai cay gd duoc xac dinh theo cong thuc 2.2;
trong do n la s6 6 mau bat gap loai cay quan tam, N 1a tong s6 & mau nghién cuu.
Ve ban chat, 6 thudng gap biéu thi xac suat bat gap loai cay quan tam trén nhiing 6
mau c6 kich thudc hay dién tich nhat dinh. Thir bic d6 wu thé cua céac loai ciy go
duogc danh theo thir bac cao thap cua do thuong gap. Chi ti€u F nhan gia tri cao nhat
bang 1 theo don vi phin mudi hodc 100% theo don vi phan tram.

F = (3)*100 2.2)

Trong thuc hanh, dé d& dang xur 1y sb lidu bang toan hoc, hai diu hiéu “Bat
gap loai” va “Khéng bat gap loai” trong 6 mau dugc mi hoa bang hai bién nhi phan
twong tng 13 1 va 0. Chi tiéu F ¢6 mot s6 wu diém. Mot 1a nd duge do dac va tinh
toan rat dé dang déi véi nhimg QXTV khong phong phua vé loai ciy gb. Hai 1a sur
dung chi tiéu F cho phép xac dinh nhanh loai cdy quan tdm c6 mat trong khu vuc
nghién ciiu hay khong. Ba 1a chi tiéu F duoc str dung dé xac dinh gan dung su phan
bd cua cac loai cay gd trong QXTV. Néu mot loai cay gb nao d6 co xac suat bat gap
I6n, thi sy phan b caa né trong QXTV 1a dong déu. Bdn 1a chi tiéu F duogc st dung
dé phan loai QXTV ring. Tir so sanh hai du hiéu “Bat gap” va “Khéng bat gap”
nhing loai cdy gd uu thé va dong uu thé, nha 1am hoc 6 thé phan chia tham thuc
vat rimg thanh nhitng don vi nho hon nhu kiéu rimg va kiéu QXTV. Nam la chi tiéu
F duoc stir dung dé xac dinh nhanh bién d6 sinh thai caa mdi lodi cay gd. Chang
han: Thong qua dau hiéu “Bat gap” va “Khong bt gap” loai cay gd trén nhitng do
cao khac nhau trong mot vung sinh thai, nha 1am hoc co thé xac dinh gidi han do
cao ma loai cay gd nay xuét hién. Sau 1 chi tiéu F c6 thé duogc stir dung dé xac dinh
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gan dung mat do cua cac loai cay ~g6 trong QXTV. Theo Gleason (1922; Dan theo
Vasilevich, 1969), khi biét s06 6 mau nghién cttu (q) va tong so ca thé cua loai trén
cac 6 mau (N, cay), thi do thuong gap (F) cua loai dugc xac dinh theo ham 2.3.

_ 1
|:_1-(1-q)N (2.3)

Theo Bjackmqn (1935, 1942; Dan theo Vasilevich), khi biét do thuong gap F
cua loai cay go, thi so6 ca the binh quan (m) trén mot 6 mau dugc xac dinh theo ham
2.4,

m=-Ln1-F) (2.4)

Luu y rang ca hai cach tinh trén ddy chi cho két qua tin cay khi phan bé cua
loai cay g trén mit dat tuan theo luat phan bd ngau nhién. Nhung thong thuong
phan b cua cac loai cay trén mat dat khong phai la ngau nhién, boi vi moi trudng
ciia QXTV khdng phai 1a méi truong thuan nhat. Noi chung, viéc xac dinh s cé thé
binh quan (m) trén mot 6 mau thong qua do thuong gap (F) chi nhan duogc két qua
chinh xac khi loai c6 mat do thap.

Chi tiéu F ¢6 mot s6 nhuge diém co ban. Mot 1a ¢ thuong gap cia mot loai
cay gb phu thudc rat 16n vao sé luong 6 mau. Ngoai ra, chung ta cling rat khd xéac
dinh bién dong cua do thuong gip ciia mot loai cay gd theo dién tich QXTV. Pé xéac
dinh bién dong cua F, ching ta c6 thé xac dinh F cuc b bang cach chia ddi twong
nghién ctu thanh nhiéu khdi. Sau d6 xac dinh F caa loai cay gb trén ting khéi va
tim bién dong cua F giita cac khdi. Hai 1a do thuong gap cua mot loai cay gb phu
thuoc rat nhiéu vao kich thuéc 6 mau. Khi 6 mau co kich thudc cang 16n, thi xac
suit bat gap loai cay quan tdm cang I6n. Nguyén nhan 1a vi kich thudc 6 mau cang
I6n thi n6 cang tién dan dén toan bo khong gian ma loai cay gd quan tam c¢6 mat. Vi
thé, khi xac dinh d6 bat gip cua mot loai cay gd, nha 1am hoc can phai tim kich
thudc 6 mau thich hop, dong thoi phai sir dung théng nhat nhiing kich thude va hinh
dang 6 mau cho nhiing QXTV twong dong. Ba 1a sir dung d6 thuong gap cua loai
ciy gb trén 6 mau co6 thé danh gia sai bién do sinh thai hay diéu kién méi truong
hinh thanh né. Sy vang mat cua loai cay quan tam trong khu vuc nghién ciru cling
chua du can ci dé ndi rang moi truong hay lap dia nay la khong thich hop vaéi no.
Thét véy, trong bién dg sinh thai cua loai cay gd quan tam, vi nhiéu nguyén nhan
khac nhau, nén n6 da Vang mat trén 6 mau.

Hién nay dang ton tai nhitng y kién trdi nguoc nhau vé y nghia cua chi tiéu
d6 thudng gap. Mot sé nha sinh thai hoc cho rang d6 thuong gap vira 1a chi tiéu biéu
thi do phong phi caa loai, vira biéu thi sy phan b cua loai trong QXTV. Néu chi
dwa vao chi tiéu nay, ching ta khéng thé danh gia chinh xac mic d¢6 phong phu va
hinh thai phan bé cua loai cay gb.

Khi str dung nhitng chi tiéu biéu thi vai tro sinh thai caa cac loai cay gb trong
QXTV rimg, nha 1am hoc can chli y dén mot s6 diém dudi day.
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(1) Mic du nhitng chi tiéu biéu thi ¢6 phong phi cua cac loai cay gd co quan
hé chat ché véi nhau, nhung mdi chi tiéu cé ¥ nghia khac nhau. Mat do cua loai la
chi tiéu dugc do dac dé dang nhung kém ¥ nghia nhat. Chi tiéu nay chi cé ¥ nghia
cao khi cac loai dem so sanh c6 kich thuéc va kha ning trao doi ning luong va chat
turong ddng voi nhau. Do che tan phan anh tét mirc d6 loi dung khéng gian sdng cia
cac loai cay gb. Do che thyc 14 chi tiéu 6n dinh va duoc do dac dé dang hon so voi
do che tan. Mac du vay, so vdi do che thuc, do che tan ¢6 ¥ nghia sinh thai 16n hon.
Nguyén nhan 13 vi d6 che tan phan anh phan trim hodc phan mudi dién tich mat dat
duoc loai nay hay loai khac sir dung dé hap thu anh sang va ngin can anh sang dat
dén san rimg. Do che tan thay d6i theo cac loai cdy gd, theo mua, theo tudi va moi
truong séng. Mit khac, nha 1am hoc rat kho xac dinh chinh x4c do che tan cia cac
loai cay g0. Trai lai, do che thyuc (G cua céac loai cay gd) 1a chi tiéu dé do dac va tinh
toan. Vi thé, do che thyc thuong duogc str dung nhiéu hon so v&i d6 che tan. Chi tiéu
trong luong hay sinh khéi cho biét loai cay gb sir dung khéng gian noi ¢ Véi cudng
d6 manh dén mic nao. Trong thuc té, sinh khoi cta loai cdy gb 1a chi tiéu kho xac
dinh tai rimg. Vi thé, nha 1am hoc khong sir dung sinh khéi dé danh gia két cau loai
ciy gb trén cac 6 mau. Po thuong gap la mot chi tiéu dé do dac va thuong dugc st
dung nhiéu trong phan loai QXTV. Thé nhung, d6 thudng gap cua lodi cay gb trong
QXTV thay d6i khong chi theo sb luong va kich thuéc 6 mau ma con theo kiéu
phan bd cta nod trén mat dat. Khi su dung kich thudc 0 mau khac nhau, thi do
thuong gap cta mot loadi cdy gd nhan nhitng gié tri khac nhau. Vi thé, khi thuyét
minh d¢ thudng gap cua mot loai nao d6, nha 1am hoc can phai chi rd sé lugng, kich
thudc va phuwong phéap b tri 6 mau.

(2) Tat ca nhiing chi tiéu thuyét minh d6 phong phu cua loai cay gb chi co y
nghia khi dat ching trong mdi quan hé véi sé luong, kich thudc va phuong phap bd
tri 6 mau. Mat do, tiét dién ngang va thé tich than cua cac loai cay g duoc tinh trén
6 mau 10 m? s& khac hoan toan so v&i 6 mau co dién tich 100, 1000 va 10.000 m?.
Nguyén nhan 12 vi cac chi tidu nay phan b6 khong dong déu trén mat dat.

(3) Trong thyc té va trong nhitng nghién cau khoa hoc, ¢ phong phi cua cay
bui thuong dugc danh gia theo sb lwong ca the, chiéu cao trung binh (cm) caa than
cay, do che phu cua tan 14 nam ngang trén mit dat. Do phong phi cua cac loai cay
than thao c6 thé dugc danh gia theo mot trong nhitng chi tiéu sau day: (a) S6 luong
c4 thé trén don vi dién tich (sé cay/1 m?); (b) Do thuong gap cua lodi (F); (c) Do che
pht ciia cac co quan (than cy, tan 14) trén mit dat; (d) Trong luong cua loai trén
don vi dién tich (m?).

2.2.2. Nhiing chi s6 biéu thi mirc d9 wu thé ciia cic loai ciy gb

Khi @6 phong phil cua cac loai cay gd dugc xac dinh theo nhitng chi tiéu
khac nhau, thi vai tro (sinh thai, kinh té) cua ching ciing dugc danh gia khac nhau.
Vi thé, dé tranh tranh luan khong can thiét va danh gia dung do phong phu cua cac
loai cay gd, nhiéu nha lam hoc dé nghi s dung mat chi s6 tong hop chung. Dudi
day gidi thiéu mdt s6 phuong phap thuong duoc st dung dé phan tich va danh gia
d6 phong phu cua cac loai cay go.
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(1) Chi s6 wu thé Kayama. Theo Kayama (1961; Dan theo Vasilevich, 1969),
vai tro sinh thai cia mot loai cay gb trong QXTV duoc xac dinh theo cong thuc 2.5;
trong d6 F 1a do thudng gap cua loai cay gb, C 1a do che tan cua loai cay gd trén mit
dat, N 1a mat do cuaa loai cay gb, B 1a sinh khéi cua loai cy gd. T4t ca bon chi tiéu
F, C, D va B trong cong thtic 2.5 déu duoc tinh theo don vi phan tram.

+C+
E+CtN), 9

(2) Chi s6 wu thé cua Curtis va Mclntosh. Theo Curtis va Mclntosh (1951; ;
Dan theo Vasilevich, 1969), vai tro sinh thai cua loai cay g0 trong QXTV dugc biéu
thi bang chi 50 gia tri quan trong (IVI = Importance Value Index). Chi s VI caa
loai cay go 1a tong hodc gia tri binh quan cua do thuong gép twong ddi (F%), mat do
tuong ddi (N%) va “Do wu thé trong dbi” (G%). Theo dinh nghia nay, chi s6 IVI
cua loai i trong QXTV dugc tinh theo cong thirc 2.6; trong d6 F;, N; va G; tuong ing
1a d6 thuong gap tuong d6i, mat do twong ddi va do wu thé twong ddi cia loai i.

IVI; = (Fi% + N% + G%) (2.62)
F% + N% + GY%
i = E% 3 ) (2.6b)

D¢ thuong gdp tuong déi (F%) cua loai cay gb thu J 1a ty 1é phan tram gitra
s0 6 mau bat gap loai J (f;) va tong so 6 nghién ctru (K) (Cong thuc 2.7).

F% = (f,/K)*100 (2.7)

Mat do tuwong d6i cua loai cay go thir J (N;%) la ty 1¢ phan trim giita s6 ca
thé cua loai J (n;, cdy) va tong s cé thé cua tat ca cac loai trong QXTV trén 6 mau
(N, cay) (Cong thuc 2.8).

NJ% = (nJ/N)*].OO (2 8)

Do uvu thé twong ddi cua Ioal J (G %) laty 1€ phan trim glu’a tong tlet dién
ngang than cua loai J (G, m %) va tong tiét dién ngang than (G, m?) cua tt ca cac
loai ciy gb trong QXTV trén 6 mau (Cong thirc 2.9). Tiét dién ngang than & vi tri
ngang nguc cua cdy i thudc loai J (giy, m?) duoc tinh theo cong thirc 2.10; trong d6
Di; (cm) = duong kinh cay i thudc loai J. Gia tri G; dugc tinh theo cong thuc 2.11;
trong d6 gj; = tiét dién ngang than cta cay i thudc loai J

G,% = (G,/G)*100 (2.9)
gi;= 0,00007854*D;;* (2.10)
= > (i=i,nj)Jis (2.11)

Dbi voi tat ca cac loai cay gb trong QXTV, tong (F% + N% + G%) = 300%.
Néu F, N va G dugc tinh theo don vi phan mudi, thi tong cac hé sd cua ching 1a 1.

Ngay nay cac nha sinh thai hoc va 1am hoc & nhiéu nudc sir dung chi s IVI
cua Curtis va Mclntosh dé danh gia khong chi vai tro sinh thai cta céc loai cay go
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trong QXTV, ma con phén loai tham thuc vat rung. Tuy vay, chi s6 IVI c6 mét sb
nhuoc diém duoi day.

Mot 1a gia tri IVI thay d6i tiy theo sb luong, kich thude va phuong phép b
tri 6 mau. Kich thuée ‘6 mau cang lon thi do bat gap cua mot loai cay go nao do
cang cao. Mit khéc, néu st dung 6 mau v6i s6 luong va phuong phap bd tri 6 miu
khéc nhau, thi két qua nhan dugc chi s6 IVI cling khéac nhau.

Hai 14 gia tri F% chi c¢6 y nghia khi cac loai cAy gd phan bd ngiu nhién trén
mit dat. That vay, gia thiét hai loai gd A va B c6 kich thudc nhu nhau va mdi loai
co 15 ca thé Tong sb 5 0 mAau nghién ctru. Loai A phan bd déu trong 5 0 mau véi
moi 6 mau 3 cay. Theo s6 lidu nay, loai A c¢6 F = 100% (100% = (56 mau bat gip
loai A/tong s6 5 6 mau nghién cau)*100. Trai lai, loai B phan bd khong dong déu va
chi bat gip trong 3 6 mau voi moi 6 mau 5 cay. Theo s liéu nay, loai B ¢6 F = 60%
(60% = (3 6 mau bét gip loai B/tong s6 5 6 mau nghién ciru)*100. Tir két qua tinh
toan nay, két luan dua ra 1a do phong phu ciia loai A (100%) 16n hon do phong phu
cta loai B (60%). Pay la két luan sai 1am béi vi hai loai A va B ¢6 kich thudc nhu
nhau va mdi loai ¢6 15 ca thé.

Ba 1, khi hai cAy gb c6 D nhu nhau nhung H khic nhau, thi V thin cia
chung 14 khic nhau. Vi thé, néu chi sir dung G, thi chi s6 IVI phan anh khdng chinh
xac khoi lugng cia cac loai cay g trong QXTV.

Bén 1a chi s6 F% khé xac dinh d6i voi rimg tu nhién hdn loai nhiét déi. Noi
chung, nhitng nhuoc diém cta chi s6 VI chinh 13 do han ché cua phuong phap xéac
dinh d¢ thuong gap loai.

(3) Chi s6 wu thé ciia Thdi Vin Trieng va Vi Tw Ldp. Thai Van Tring va Vil
Tu Lap (1978; 1998) da dé xuat chi s6 IVI cua céac loai cay gb trong QXTV rimng
dugc xac dinh theo gia tri binh quan cua 3 tham s6 N%, G% va thé tich thén tuong
d6i (V%) (Cong thirc 2.12). Gia tri V% la ty I¢ gilra V cua tung loai cay g0 va tong
thé tich cla tat ca cac loai trong QXTV. Dbi vai loai I, V; duoc xac dinh theo cong
thire 2.13; trong d6 gj; = tiét dién ngang than cua cdy i thudc loai J, Hj; = chiéu cao
cta cdy i thudc loai J, F = hinh s6 (F = 0,5 ddi voi cdy gd ¢ ring tréng thuan loai
dong tudi; F = 0,45 d6i voi cay gd & ring tu nhién hdn loai).

(N% + G% + V%)
3

V; = 0giu*Hi*F (2.13)

Phuong phap cta Thai Van Trimg va Vil Ty Lap (1978; 1998) c6 nhiéu wu
diém. Mot 1a ca ba chi tieu (N%, G%, V%) déu dugc do dac va tinh toan dé dang.
Str dung chi tiéu V% thay cho chi tiéu F% khong chi lam giam kho khan trong tinh
toan, ma con phan anh rd khéi lugng cia mdi loai cay gd. That vy, bang viée st
dung nhimg phan mém théng ké thong dung (MINITAB; STATGRAPHICS;
SPSS), nha 1dm hoc c6 thé dé dang xac dinh ba tham s6 (N%, G%, V%). Mit khac,
hai loai cdy gb c6 N va D bang nhau, loai nao c¢6 H 16n hon thi V va sinh khéi ciia

VI = (2.12)
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loai d6 16n hon. Nhu vdy, thay thé F% bang V% da phan anh rd hon vai tro cia loai
trong QXTV. Hai 1a ba chi tieu (N%, G%, V%) khong phu thudc vao kiéu phan bd
ctia cac loai cay gd trén mat dat. Ba I vai trd (sinh théi, kinh t&) cua céc loi c6 thé
dugc danh gia va so sanh khong chi trén tirng 6 mau, ma con trén nhiéu 6 mau. Uu
diém thu ba 13 rit dang quan tim, bai vi trong thuc té nhitng bién phap 1am sinh
dugc xay dung khong chi xuat phat tr ddc diém chung cua toan bd QXTV, ma con
cua tung QXTV hay khoanh ring. Tuy vdy, phuong phap ndy ciing ¢6 mot $6
nhugc diém. Mot 1a vai tro cua loai cdy go thay doi tly theo sé luong va kich thudc
6 mAau. Hai 1a vai trd cua loai c6 thé nhan gia tri khac nhau néu sir dung phuong
phap rat mau khac nhau.

2.2.3. Phwong phap thu thip s6 liéu trong phan tich két ciu loai ciy gb
2.2.3.1. Xdc dinh sé lwong é mdu

‘ Theo nguyén ly thdng ké, khi biét hé S§ bién dong (CV%) va sai sb theo yéu
cau cua nghién curu (P%), thi dung lwong mau thich hop dugc xac dinh gan dang
theo cong thac 2.14.

V2
n= C—Pz— (2.14)

Khi phén tich két cau loai cay gb cua QXTV, mot kho khan lon cua giai doan
thiét ké nghién ciru 1 chon loai nao hay nhom loai nao dé tinh sO luong 6 mau can
thu thap. Mot cach giai quyet hop ly la xac dinh sO lwong 6 mau theo bién dong cua
chi s6 IVI cua loai uu thé. Pé l1am rd van de dat ra, trudc khi thiét ké nghién clu,
nha 1am hoc can phai diéu tra so bo két cau loai cdy gd cua QXTV dua trén sb
luong 6 mau nao do, thong thuong 1a 30 6 mau. Tir 30 6 mau nay, tinh két cau loai
ciy gb va xac dinh loai cay gb wu thé trong cac QXTV. Tiép theo tinh hé s bién
dong d6i v6i chi s6 TVI cia loai wu thé. Sau d6 tinh dung luong mau can thu thap.
Théng thuong, yéu cau ddi voi sai s6 cua sb lidu diéu tra 1 5%. Trén day 1a nhitng
bude co ban nham dam bao nhan dugc két qua nghién ctru voi do tin cdy nhét dinh.

2.2.3.2. Xdc dinh phwong phdp bé tri  mdu

Phuong phap bé tri 6 mau trong nghién ctru két cau loai cay gb 1a mbi quan
tam cua cac nha 1am hoc. Theo nguyén 1y théng ké, cac 6 mau cd thé dugc bo tri
ngau nhién, hé théng, hé thong — ngau nhién, khdi va dién hinh. Dé 1am rd vai tro
cua cac loai cay go trong QXTV, 1am hoc thudng sir dung ba phuong phap rat mau:
hé thong, khoi va dién hinh. Phuong phéap rit mau hé thong duoc sir dung dé xay
dung ban d6 vé cac don vi phan loai rimg (Kiéu rung, kiéu QXTV). Trong mdi
ving sinh thai (Ecozone), phuong phap rat mau theo khdi duoc sir dung dé phan
chia tham thyc vat thanh nhimng kiéu QXTV khac nhau. Sau khi phéan chia cac kiéu
QXTV riéng biét, nha lam hoc c6 thé sir 'dung mot trong ba phuong phap chon mau
(ngiu nhién, hé théng va dién hinh) dé thu thap nhimg dic trung cia mdi kiéu
QXTV.
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2.2.3.3. Xdc dinh kich thwéc va hinh dang 6 mau

Kich thudc va hinh dang 6 mau Ia moi quan tam cua cac nha lam hoc. Ve 1y
thuyét, kich thudc 6 mau 16m bao trum 1én khong gian song ctia nhiéu loai cay go.
Trai lai, kich thudce 6 mau nho chi bao trim 1én khong gian song cta mot s6 loai cay
¢d. Theo nguyén 1y théng ké, dé xac dinh sé lugng va kich thuéc 6 miu thich hop,
truéc hét phan chia rimg thanh nhimng kiéu QXTV thuan nhat. Ké dén chon mot
khoanh rimg méu va thdng ké ddy du cac dic tinh cua rimg (S, N, G, M...). S6 liéu
nay dugc xem la s6 liéu thuc cua kiéu QXTV. Tiép d6 bd tri cac 6 mau voi kich
thude va sd luong khac nhau va phan tich_ két cdu loai cdy gd trong m5i kiéu
QXTV. Sau d6 so sanh thanh phan loai cay gb duoc xac dinh theo nhing 6 mau voi
kich thudc khac nhau véi s6 liéu thuc. Thanh phan loai cdy gd va sb luong 6 mau
duge xac dinh theo cac dudng cong tich lity loai. Cudi cung, cin ctr vao do chinh
xac theo yéu cau cua nghién ctru, xac dinh kich thudc va sb lugng 6 mau thich hop.

Bé&i vi rung 1a hé sinh théai vo cung phuc tap va kho di lai, nén nha 1am hoc
rat kho xac dinh chinh xac s6 lwong va kich thudc 6 mau dé phan tich két ciu loai
ciy g0. Vi thé, cac nha 1am hoc khac nhau di st dung s6 lugng va kich thude 6 miu
khac nhau. Khi phan tich cau trdc va da dang loai cay gd cua ring ty nhién & dao
Andaman (An d9), Tripathi va ctv (2004) da sir dung nhitng 6 mau 15*15 m. Peet
va Christensen (1998) da str dung nhitng 6 mau 0,10 ha dé xac dinh két cau va da
dang loai cay gb doi voi rimg thi sinh & mién béc Carolinna (M§). O trung Quoc,
Wang va ctv (2006), L va ctv (2010) da str dung 6 mau 1,0 ha dé phan tich két cau
va da dang loai Cay go cua rimg mua & nhiét doi. O Malaysia, Suratman (2012) da
st dung nhitng 6 mau 0,20 ha dé xac dinh két cau loai cay go, cau triic quan thu va
da dang loai cay gd cua rirng Sao Dau & Vuon qubc gia Pahang. O Viét Nam, nhiéu
tac gia (Nguyén Vin Truong, 1984; Nguyén Vian Thém, 1992; Thai Vin Trung,
1998; Vi Tién Hinh, 2012; Nguyén Vin Thém va Nguyén Tuin Binh, 2017;
Nguyén Vin Thém va Vii Manh, 2017; Lé Vin Long, 2019; Pao Thi Thuy Duong,
2019) da sir dung kich thudc & mau thay ddi tir 0,1 — 1,0 ha dé phan tich két cu loai
cay g, cau triic quan thu va da dang lodi cay gd cua ring ty nhién hon loai. Theo
Thai Van Triing (1998), kich thudc va hinh dang 6 mau thay doi tuy theo kiéu rimng.
Kich 6 mau thich hop 13 0,25 ha ddi véi kiéu tham thuc vat cay than bui; 0,5 ha d6i
v6i kiéu ring thua va ring nira thudng xanh; 1,0 ha dbi véi kiéu ring kin thuong
xanh. Cac 6 mau thuong co dang hinh chit nhat, hinh vudng va hinh tron; trong do
dang hinh tron c6 nhiéu vu diém hon.

Téai sinh rimg duoc thdng ké trong nhitng & dang ban véi kich thuée tir 1 —
100 m® Nhitng 6 dang ban tr 1 — 4 m* duoc st dung dé thdng ké hat gidng va
nhitng cdy ma c¢6 H < 50 cm. Nhitng 6 dang ban c6 kich thuéc tir 4 — 100 m? duoc
sir dung dé théng ké nhitng cay tai sinh thudc cip H > 100 cm. O dang ban thuong
¢ dang hinh vubng. Céc 6 dang ban dugc bé tri theo phuwong phap hé thong trén
céc tuyén song song trong QXTV trén 6 mau. Khi phan tich phan bd ciy tii sinh
trén mit dat, cac 6 dang ban dugc bd tri theo hé théng 6 ban c¢& (Nguyén Vin Thém,
1992, 2010).
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2.2.3.4. Thu thip théng tin trong cdc 6 mau

Dé phan tich két céu loai cay gd trong QXTV, nhimg thong tin can thu thap
trong cac 6 mau bao gom thanh phéan loai cay gd (S, loai), D (cm), H (m), duong
kinh tan (Dr, m) va chleu dai tan (L, m) cua tung cay go. Néu thu thap sinh khéi
cua mbi loai, truée hét cit phan trén va phan dudi mat dat cua cac cy gd; sau do
can do trong luong (twoi, khé khong khi hodc kho tuyét dbi) cua ching trén 6 mau.
Thé nhung, trong lugng cua céc loai cay g5 1a mot chi tiéu rat khé do dac chinh xac,
nhat 12 nhing cay g to 16n. Trong thuc té, thay vi do dac truc tiép sinh khéi cua cac
loai céy go tai rung, nguoi ta xac dinh sinh khéi cua cac thanh phan & muc cay go
va quan thy thong qua mdi quan hé giira sinh khoi (kho, tuoi) voi mot sb nhan té dé
do dac khac. Chang han: Trong luong than, canh va 14 ciy gd va cdy bui 6 thé duoc
wdce lugng théng qua méi quan hé giita ching véi D va H than. Khéi luong va do
che chiéu cua cac co quan duéi mat dat 1a mot chi tiéu rat quan trong, nhung viéc
xéac dinh ching ciing hét stc khé khan. Vi thé, nhirng thanh phin nay ciing dugc Xac
dinh théng qua méi quan hé giita ching vai cac co quan trén mat dat. Tuy nhién, vi
tinh phuc tap trong viéc xac dinh trong lugng hoac do che chiéu cua cac co quan
thue vat nam sau dudi dat, nén trong thuc té nguoi ta thuong chi tinh do che chiéu
va trong luong cia cac co quan trén mat dat.

Pé phan tich mbi quan hé gitra két cau loai cdy gb véi cac nhan td sinh thai,
nhirng thong tin can duoc thu thap bao gém khi hau (&4nh sang, nhiét do, do ém...),
dia hinh (d6 cao, doc doc, hudng dbc...), dat (46 day ting dat, do chat, do xbp, do
am, thanh phan co gidi, tinh chat 1y hoa tinh...) va nhiing hoat dong 1am sinh.

2.2.3.5. Phan tich va bdo cdo két cdu lodi cdy g6

Khi phan tich két cau loai cdy gd, trudc hét nha 1am hoc can xac dinh rd
phuong phap xac dinh chi sb IVI cta cac loai cdy gb. Viéc chon phuong phap nao la
tuy thuoc vao quan diém cta ting nha lam hoc. Mot cau hoi dat ra la ket cau loai
cay gd can dugc bao cao nhu thé nao? Vé nguyen tic, dé hiéu o vé ket cau loai cay
go cua cac QXTV, s6 liéu bao cdo phai bao gdm day du thong tin vé loai céy go va
cac chi tiéu thuyét minh mirc do phong phu cta ching. Pé dé dang tong hop va
phan tich s liéu, két cau loai cay go cia cac QXTV céan dugc bao cdo ngin gon
dué6i dang “Bang két cdu loai cdy gd” hoic “Cong thirc ket ciu loai cay go” Theo
quy uéc ciia 1am hoc, bang va cong thiic két cau loai cay go déu phai cung cip day
du cac thong tin theo thr ty tir nhing loai cay gd quy, hiém hodc c6 gia tri cao vé
kinh té dén loai cay gd wu thé, loai cAy gb dong wu thé va mot s loai cay gb phu
thudc c6 chi s6 IVI cao. Yéu cau nay duoc dit ra nhim gitp cho cac nha 1am hoc va
cac nha kinh doanh rirng nhan duoc ddy du cac thong tin vé két cau loai cdy gd cua
cac QXTV.

Khi bao céo két cau loai cdy gb & dang cong thirc, tén dy du cua cac loai cay
gd duge viét tat béng tén tiéng Viét hoac béng tén khoa hoc. Tén viét tit 1a 1, 2 hodc
3 ki ty ddu cia tén loai. Vi du: Sao den = Sd; Dau rai = Dr; Dau song nang = Dsn.
Khi hai hay nhiéu loai cdy gd c6 cung tén viét tit nhu nhau, thi tén ctia nhirng loai
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sau duoc viét théem mot ki tw. Vi du: Sao den = Sd; Sang den = Sad; Béng lang i =
Bl; Bing ling cudm = Ble. Khi bo cdo két ciu loai cay gd ¢ dang cong thire, 1am
hoc quy udc chi bao cao nhing loai cay go quy, hlem hodc co gia tri cao vé kinh té,
loai cay g0 uu thé, loai cay go dong vu the va mot so loai cay go phu thude c6 chi
sO IVI > 4%. Luu y rang tong cac chi sd IVI cia tat ca cac loai phai bang 1 hoic
100%.

Két cau loai cay gd duoc bao cao r6 rang nhét 0 dang bang. Déi vO1 nhitng
QXTV chi bao gdm dudi 25 loai cay 0, bang két ciu loai cay g can dugc trinh
bay day du sé luong loai cay gb va cac chi tiéu thuyét minh do phong phu cua
chung (S, N, F, G, V). Pbi voi nhimg QXTV c¢6 trén 25 loai cay go, bang ket ciu
loai cay gd chi bao cao tom tat nhirng thong tin co ban cua nhimg loai cay gd quy,
hiém hogc co gia tri cao vé kinh té, loai cay b uu thé, loai cay gb dong wu the va
mot so loai cay go phu thudc co chi s6 IVI > 4%. Mot cach khac la bang két cau loai
cay g0 bao cao tom tit cac thong tin ctua 10 — 20 loai cdy gd co chi sb IVI tir cao
nhat tré xudng. Quy dinh nay co lién quan dén kich thudc cua trang gidy véi kho
A,. N6i chung, két cau loai cay gd duoc bao cdo & dang bang c6 nhiéu wu diém hon
so voi dang cong thie. Ly do 13 vi bang két cAu loai cay gb cung cip nhiéu thong tin
(S, N, F, G, V) va dé theo déi hon.

Dué6i day dan vi du vé phan tich két ciu loai cay gd ctia uu hop Dau con rai
theo hai phuong phap tinh chi s6 IVI ctia cac loai cdy gb. Phuwong phép 1 tinh chi s6
IVI ciia cac loai cay gd theo hai tham s N% va G% (Phu luc 1). Phuong phép 2
tinh chi s6 IVI ctia cac loai cdy gb theo ba tham sé N%, G% va V% (Phu luc 2) cua
Thai Van Trung (1998). So liéu tinh toan bao goém 1 6 mau véi kich thude 0,25 ha.
Uu hop Dau con rai bao gom 25 loai ciy gd; trong d6 Dau con rai 1a loai uu thé sinh
thai, Bang ling 6i (Lagerstroemia calyculata Kurz) 1a loai dong wu thé sinh thai.
Bang 2.2 va Bang 2.3 ghi lai tom tat két cau loai cdy gd dugc xac dinh theo hai
phuong phép ké trén.

Két ciu loai cay gd cua cac QXTV can dugc thuyét minh theo thir ty tur téng
s6 ho, s6 chi va so loai cay gd bat gap, loai cay g0 uu thé sinh thai, loai cay go dong
vu thé sinh thai,  nhiing loai cay go phu thudc va nhimg loai cay gd quy, hién. Mdi
nhom loai nay can thuyet minh c4c thong tin Ve F va F %, N va N%, G va G%, M va
M% va chi s6 IVI trung binh. Su khac biét vé chi sé IVI cua cac loai cay gb trong
nhimg QXTV khac nhau duoc so sanh bang duong cong chi sé IVI.

2.2.3.6. Phén tich két ciu lodi cdy gé bang phan mém SPSS

Két cau loai cay gd ciia QXTV c6 thé duge xac dinh dé dang bang phan mém
thong ké SPSS for Window. Cach thirc phan tich két cau loai cay go cua QXTV
bang phan mém thong ké SPSS duogc thuc hién theo 5 bude dudi day.

Budc 1. Mo SPSS va ghi tén loai, chi va ho bing tiéng Viét va tiéng La Tinh
vao 5 cot lién tiép nhau. Nhitng cdt khac ghi cac thong tin bicu thi kich thudc than

cay (D, H, V...) (Hinh 2.1). Quy udc nay nham tao diéu kién thuan loi cho viéc
thong ké nhanh s6 loai, s6 chi va sé ho cay gd.
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Bang 2.2. Két cau loai cay gb cua wu hop Dau con rai duge xac dinh theo hai tham
s0 N% va G%. Pon vi tinh: 1 ha.
TT Loai cay gd N(cay) G@m) V(M) N%» G% IVI%

1 @ 3 4) () ® &)
1  Dau con rai 148 9,8 97,7 20,8 240 224
2  Bing ling 6i 108 10,4 1038 152 254 203
3 Cay 80 7,7 745 112 188 150
4 Trudng 14 nho 68 3,7 389 96 89 9,3
5  Tram vo do 84 2,5 19,7 118 6,0 8,9
6 Cam 36 1,3 108 51 3.2 4,2

Cong 6 loai 524 354 3454 737 863 80,0

19  Loai khac 188 5,5 451 263 13,7 20,0

25 Tong sd 712 409 390,4 100 100 100

Bang 2.3. Két céu loai cay g ctia wu hop Dau con rai dugc xac dinh theo theo ba
tham s6 N%, G% va V%. Don vi tinh: 1 ha.

TT  Loaicaygd N(cdy) G(m) V(M) N% G% V% IVI%

1) (2) 3) (4) (5) (6) (O ) ©)
1 Dau con rai 148 9,8 97,7 208 240 250 233
2  Bang ling 6i 108 104 1038 152 254 266 22,4
3 Cay 80 7,7 745 112 188 191 164
4 Truong la nho 68 3,7 38,9 96 89 100 9,5
5  Tram vo do 84 2,5 197 118 60 50 7,6
6 Céam 36 1,3 10,8 510 32 28 3,7

Cong 6 loai 524 354 3454 737 863 885 829

19  Loai khéac 188 55 451 263 137 115 171

25 Tbéng s6 712 40,9 3904 100 100 100 100

Budce 2. Tu bang tinh ¢ Hinh 2.1, m¢ Analyze > Reports > OLAP Cubes.
bén day mot ctra s6 xuét hién. Tai ctra sO nay, chon G, V va Loai; sau dé chuyén
ching vao 6 “Summary Variables” va Grouping Variables (Hinh 2.2). Thu tuc nay
cho phép xac dinh cac dic trung thong ké ddi véi N, G va M cua ting loai cay va tat
ca cac loai cay trong 6 mau.

Budc 3. Xac dinh cac dic trung thong ké dbi véi N, G va V cua timg loai cay
g0 va tat ca cac loai cay go trong 6 mau. Trudc hét chon Statistics & Hinh 2.2. Bén
day mot ctra s6 xuat hién nhu Hinh 2.3. K& dén, tai ctra s6 nay chon va chi gitr lai
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hai thong ké Number of Cases (SO cdy) va Sum (Tong N, G va V) trong 6 “Cell
Statistics” (Hinh 2.4).
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Hinh 2.2. X4c dinh két ciu loai cay gd theo ba bién N, G va V.

A OLAP Cubies: Statistics “— —
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Hinh 2.3. Cac dic trung théng ké N, G va V ddi véi cac loai ciy gd.
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Hinh 2.5. Béo céo cac dic trung thong ké N, G va V dbi vai cac loai cay gd.

#= Pivoting Trays

I

Bivot

=i Loai N

N
AN

'.
|

i Statistics

COoOLuUMN

ROW

' LAYER

| l | |

+ +

]

— ey

Hinh 2.6. Khay b4o céo cic bién N, G va V d6i v6i cac loai cay go.
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Budc 4. Théng ké N, G va V cua timg loai cay gb va tat ca cac loai cay gb
trong 6 mau. Dé dat duoc muc dich nay, trude hét chon Continue ¢ Hinh 2.4. Sau
d6 chon OK dé nhan két qua tinh toan (Hinh 2.5). Tai cua s6 nay, chon va nhap dup
con tro chu¢t vao OLAP Cubes. Pén day mot cira sé xuét hién nhu ¢ Hinh 2.6. Tai
ctra sd & Hinh 2.6, chon bién “Loai” va gilr chat con tro chudt va chuyen no vao 0
Variables. Két qua nhan duoc thong tin vé N, G va M ctia timg loai cdy gb va tong
s6 10a1 cay gb (Hinh 2.7).

= _ e
Dw EM e T Jemivm pesd fyrid  ssens  Goets  Lwees  Dpemomn  eees  fee
M= A [-;,,- -4'\-, r—ﬂj.l - I.t
T T T ]
s .
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L
)
acs
8o

Hinh 2.7. Thong ké cac bién N, G va V d6i véi cac loai cay go.

Budc 5. Xéac dinh két cdu loai ciy gb. Trude hét Copy ba cot (Loai, N, Sum)
va chuyén ching vao 1 File trong Microsorft Word. K& dén lai Copy ba cot nay ¢
File trong Microsorft Word va dan chiing vao 1 File trong bang tinh ctia Microsorft
Excel. Tiép theo tinh toan N, G, M va chi s6 IVI cua ting loai trén 6 mau va chuyén
d6i ra don vi 1 ha. Sau d6 sap xép cac loai theo thir tw giam dan cta chi s6 IVL. Thu
tuc nay tao diéu kién thuan loi cho viéc téng hop va bao cdo cac thong tin vé loai
cay gb uu thé, loai cay gbd dong uu thé va cac loai cdy gb phu thudc. Bang cach thay
thé bién “Loai” béng bién “Chi” va bién “Ho” va thuc hién 5 budc nhu trén, ching
ta nhan dugc cac dac trung théng ké ddi voi N, G va M cua tung chi va ho.

2.2.3.7. Thdo ludn chung vé phwong phdp phan tich két ciu lodi cdy gé

(a) S6 lwgng, kich thudcC va phirong phap bo tri 6 mau Muc dich chu yéu cua
phan tich két cdu loai cay gb 1a cung cap thong tin vé loai ciy gd cua cac kleu
QXTV dé SO sanh cac kiéu QXTV khéc nhau. Ngoai ra, nhirng thong tin vé két cau
loai cay go clng la can cir hitu ich cho quan ly ring va kinh doanh rung. Két cau
loai cay go khong chi phu thugc vao so lugng va kich thudc 6 MAau, ma con vao
phuong phap bd tri 6 mau. Khi phan tich két cau loai cdy gd, van dé quan trong 1a
thong ké chinh xac thanh phan loai ciy gb va d6 phong phu ciia ching trong dbi
tugng nghién ciru. DO chinh xac cta thong ké thanh phan loai cay gb gia tang theo

38



s6 luong 6 miu va kich thude 6 mau. Phuong phap bd tri 6 miu ngau nhién cho
phép phan tich va danh gia két cau loai cay gb cua QXTV khach quan va chi rd muc
do tin cay cua két qua. ‘Tuy vay, viéc lam nay lai dan dén nhirng kho khan cho viéc
thu thap s6 liéu. Vi the khi nghién ctru vé két cau loai cay go trong nhimng QXTV
rung, nha lam hoc can _phai bao cao 16 kich thudce 6 mau, so luong 6 mau va phuong
phap b tri 6 miu. Cau trdc cua nhitng QXTV ring thay d6i tiiy theo mirc d6 da
dang vé loai cay gd. Vi thé, kich thuéc mau nho duoc sir dung dé danh gia két cau
va da dang loai cdy gb cua nhitng QXTV ¢6 nhiéu loai. Nguoc lai, kich thudc mau
l6n duoc sir dung dé danh gia két ciu va da dang loai cay gd cua nhitng QXTV ¢
nhiéu loai hiém gap.

Pé dam bao thu thap chinh xac thanh phan loai cay gd ctia QXTV, nha 1am
hoc phai sir dung cong cu thé)ng ké toan hoc. Thé nhung, tham thyc vat rung 1a mot
hé théng tu nhién vo cing phirc tap; trong d6 bao gém vo sé QXTV ma ranh gidi
ctia chung khong rd rang. Néu may moc lam theo toan hoc, thi nha 14m hoc phai thu
thap rat nhiéu 6 mau. Piéu nay 1a khong kha thi d6i voi nhiéu nghién ciru trong 1am
hoc. Mit khéc, néu phan chia cac don vi kinh doanh rirng theo tirng QXTV, thi nha
quan 1y rimg ciing khong thé quan 1y t6t cac QXTV. Pé dam bao tinh kha thi trong
mot du an nghién ctru va tinh don gian trong quan 1y ring, tham thuc vat rimg can
duoc phan chia thanh cac kiéu QXTV dua theo nhiing tiéu chuén troi. Sau d6 xéc
dinh s6 lwong 6 mau cho timg kiéu QXTV dya theo nguyén 1y thong ké. Thé nhung,
do ranh giéi cta cac kiéu QXTV la khong 16 rang, nén nha lam hoc khong thé dé
dang xac dinh dung vi tri cia cac 6 mau bang phuong phap chon mau ngiu nhién.
Pé khic phuc kho khin ndy, cdc nha 1am hoc thudng sir dung phuong phap chon
mau dién hinh. Pidu ndy duoc giai thich 1a do phwong phap nay khong chi tranh
dugc viéc di tr¢ch muc ti€u nghién ctru, ma con lam giam nhiing tinh toan va céc
chi phi vé thoi gian, nhan luc va kinh phi. S6 lugng 6 mau thich hop thuong chi
dugc xac dinh dya theo duong cong tich iy loai. Puong cong nay dugc xay dung
dua theo d6 thi biéu didn mdi quan hé giira sé loai (S) vai s6 luong 6 mau (N;). Sb
lugng 6 mau thich hop duoc xac dinh tuwong tng véi sé loai tiém can dan dén mot
gia tri 6n dinh. Kich thudc 6 mau thay d6i tly theo muc dich nghién ctru va dién
tich khu vuc nghién ciru. Thong thuong, 1am hoc sir dung kich thuéc 6 mau 0,1 —
1,0 ha dé phan tich cay truéng thanh; 1 — 100 m? dé phan tich tai sinh rimg. Hinh
dang 6 mau c6 nhiéu dang, nhung thong thudng la hinh chir nhat hay hinh vuéng.
Khi so sanh két ciu loai cay g thay dbi theo moi trudng va cac phuong thirc 1am
sinh, thi nha 1am hoc can sir dung cac 6 miu co kich thudc va hinh dang twong tu
nhu nhau.

Khi sir dung cac kich thudc 6 mau khac nhau, thi két qua so sanh phai dugc
chuyén vé cung kich thudc, théng thuong 1a 1 ha. Nhitng bién N, G, V c6 thé
chuyén doi dé dang bang cach nhan vai hé s0. Tri lai, s6 loai cay g6 khong thé
chuyén dbi sang don vi 1 ha, boi vi s6 loai cay go khong chi phu thugc vao so lugng
va kich thudc 0 MAu, ma con ca phuong phap bo tri 6 mau. Cung mét dién tich thu
mau, néu phan chia nho thanh nhiéu & mau, thi sb loai bat gap nhiéu hon.
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(b) Phuong phdp xdc dinh két cau loai cdy go. St dung phuong phap xac
dinh két cdu loai cdy gb khac nhau din dén nhitng két luan khac nhau. Chang han:
Cung mot chudi sb liéu nhu nhau, nha 1am hoc nay xac dinh chi s6 IVI cua cac loai
ciy gb theo N%, F% va G%, con nha 1am hoc Khac lai tinh theo N%, G% va V%.
Chinh diéu d6 di din dén nhitng tranh luin vé do tin cy cua két qua nghién ctu.
Pé két qua nghién ctru dé duoc chip nhan, cac nha sinh thai hoc va 1am hoc thudng
st dung nhitng chi tiéu va tiéu chuian dugc moi ngudi thira nhan. Quy udc nay
nham muc dich bao cdo két qua thdng nhat va tranh nhiing tranh luan khéng can
thiét. Noi chung, khi béo cdo vé két ciu va da dang lodi cay gd, nha 1am hoc phai
quy udc rd thanh phan cay gé duoc phan chia theo hé thong phan loai nao. Twong
tu, khi phan tich so sanh két cau va da dang loai cay g theo kiéu ring, kiéu lap dia,
dang dia hinh va loai dt..., néu sir dung hé thong phan loai rirng khac nhau, nha
1am hoc phai quy uéc rd hé thdng phan chia nhirng d6i tuong nay.

2.3. Phuong phap so sanh sur twong dong vé loai ciy gb giira cic QXTV

Su twong dong hay su gidng nhau vé thanh phan loai cy gb gitra cac QXTV
dugc so sanh bang hé s6 tuong dong. Dudi day gidi thiéu 4 hé sd tuong dong
thuong dugc cac nha sinh thai hoc va 1am hoc st dung.

Theo Jaccard (1901; Dén theo Vasilevich, 1969), h¢ s6 tuong dong (C,%)
gitra hai QXTV; va QXTV;dugc xdc dinh theo cong thirc 2.15; trong do6 Sj; = s6 loai
cay g0 giong nhau cua hai QXTV; va QXTV,, §; = = s6 loai cdy go cua QXTV;, §; =
s6 loai cay gb cua QXTV,. Hé sé khong twong dong hay hé s6 khac nhau giita hai
QXTVlal-C,

Sij
—I_*l 21

€= (Si+S;-Sw) 00 (215)

Sorensen (1948; Dan theo Vasilevich, 1969) xdic dinh hé s6 _tuong dong
(Cs%) gitra hai QXTV theo cong thirc 2.16; trong do Sj; = s6 loai cdy go giong nhau
cua hai QXTV; va QXTV,, §; = = s6 loai cdy go cua QXTVi, §; = s6 loai cay gb cua
QXTV,;. H¢ s6 khong tuong dong hay hé s6 khac nhau gitra hai QXTV 1a 1 — Cs.

2*Si;
G+ SJ)*100 (2.16)

Luu ¥ rang, cing ngudn sd liéu nhu nhau nhung chung ta nhan dugc hai hé
s6 C; va CS 1a khac nhau. Vi du: QXTV; va QXTV; tuong Lrng co 35 loai va 40 loai.
S loai giéng nhau gitta hai QXTV nay la 25. Giai: H¢ s6 tuong ddng cua Jaccard
C,=(25/(35 + 40 - 25)) = 50,0%. H¢ s6 tuong dong cua Sorensen Cs = (2*25/(35 +
40)) = 66,7%. Vi thé, khi phan tich su tuong dong vé loai cay go gitra cac QXTV,
nha 1am hoc can phai bao cdo rd phuong phap tinh hé sb twong dong.

Bray va Curtis (1957 Dian theo Vasilevich, 1969) xac dinh hé sé khong
tuong dong (Cec%) gitra hai QXTV theo cong thuc 2.17; trong d6 T va T, twong
ung la tong sO ca thé cua cac loai O QXTViva QXTV,, Tyla tong sd ca thé nho nhat
ctia moi loai trong hai QXTV nay. Hé s6 Cgciy nhan gia tri gitta 0 va 1. Khi Cggjy =

Cs=
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0, thi hai QXTV co6 thanh phan loai cay ¢ gidng nhau. Khi Cggjy= 1, thi hai QXTV
khong 6 thanh phan loai cdy g ndo gidng nhau.

2*T,
Caciy = (1 - T+ #J)*loo (2.17)

Vi du: Ba lodi ciy A, B va C & QXTV; c6 sd cé thé twong ing 13 15, 12 va 7.
Ba loai cay A, B va C & QXTV, c6 sb ca thé twong tGng 1a 10, 6 va 8. Giai: T; = (15
+12+7)=34.T;=(10+6+8) =24 T3;=(10+6+7) =23. Cgciy = (1 —
(2*23)/(34 + 24) = 0,207 hay 20,7%. Két luan: Hai QXTV nay chi khac nhau
20,7%. Néi cach khac, hai QXTV nay gidng nhau 79,3%.

Koch (1957; Dan theo Vasilevich, 1969) dé xuat hé sé twong ddng (IBD =
Index of Biologic Dispersity) gitra hai QXTV dugc xac dinh theo cong thuc 2.18;
trong do S la téng sé loai giéng nhau trong n 6 mau cta hai QXTV, T = (S;+ S)) Ia
tong s6 loai cia QXTV 1 va QXTV 2. Néu hai QXTV khdng c6 cac loai chung, thi
T =S va IBD = 0. Trong trudng hop tat ca cac loai cua hai QXTV la giéng nhau, thi
IBD = 100%.

T - S)*100
(n- 1)*S

Hé sb twong dong cua Jaccard va Sorensen duoc tng dung rong réi trong
phan tich két ciu loai cdy gd va phan loai ring. Ly do 1a vi hai hé s6 nay dé& tinh
toan, cho két qua kha rd rang, dang tin cdy hon vé mirc do twong dong gitra cac
QXTV. Hai phuong phap nay c6 thiéu sot 1a chi dya vao sy c6 mat cua cac loai ma
khong ké dén d6 phong phu ciia ching. Ngoai ra, cing mot s6 lidéu nhu nhau, nhung
hé sd twong dong cua Jaccard va Sorensen lai nhan két qua khac nhau. Vi thé, khi
bao cao két qua, nha 1am hoc can néi rd phuong phap xac dinh hé sé twong dong.

IBD = (2.18)

Phén tich sy twong dong gitra thanh phan cay truéng thanh va thanh phan cay
tai sinh dudi tan rung la co s¢ dé danh gid tinh 6n dinh cua QXTV. Khi hé so Cg
gilta thanh phan cay truéng thanh va thanh phén cdy tai sinh 16n hon 60%, thi thanh
phan loai cay go cua cac QXTV rung la 6n dinh theo thoi gian. Trai lai, khi h¢ s6 Cs
< 60%, thi QXTV la chua 0n dinh hay dang trong qua trinh phat trién dé dat den the
on dinh v&i méi treong bén ngoai.

2.4. Phan tich da dang loai ciy gb trong cic QXTV
2.4.1. Khéi niém vé da dang sinh vat

Hién nay c6 nhiéu dinh nghia vé da dang sinh hoc. Cac nha sinh hoc dinh
nghia da dang sinh hoc 1a tong sé ngudn gen, tong s6 lodi va tong sé hé sinh thai
ciia mot khu vuc nhat dinh. Gaston (2000) dinh nghia da dang sinh vat Ia su khac
nhau & tat cac muc to chirc sinh hoc - d6 1a gien, ca thé va hé sinh thai. Pa dang
gien biéu thi su da dang trong quan thé sinh vat hoic giira cac quan thé sinh vat.
Chang han da dang vé nhiing thanh phan axit nucleic. Pa dang loai biéu thi sb
lugng loai sinh vat trong mot méi truong nhét dinh hay noi & nhat dinh. Pa dang hé
sinh théi biéu thi s6 lurgng hé sinh thai trong mot khu vuc nhat dinh. Nhiéu nha sinh
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thai hoc (Kimmins, J. P., 1998; Gaston, 2000; Magurran, 1988, 2004) cho rang, boi
Vi su song trén trai dat ton tai chua yéu ¢ dang loai, nén thuat ngit “Pa dang sinh vat”
thuong duoc s dung véi nghia 1a “Pa dang loai”.

Da dang sinh vat trong mot canh quan hay mot khu vuc dia Iy nhat dinh 1a da
dang Gamma (y - Diversity). Da dang Gamma biéu thj su giau c6 vé loai cua nhiing
quan x4 sinh vat khac nhau trong mét canh quan hay mot khu vyc dia ly nhét dinh.
Pa dang Gamma dugc xac dinh bang cach tinh da dang cua tat ca cac mau thuoc tat
ca cac quan xa gop lai. Pa dang Gamma bang da dang Alpha (o - Diversity) cong
voi da dang Beta (B -Diversity). Da dang Alpha 1a da dang sinh vat trong mot vi
moi truong sdng nhat dinh hoac mot quan xa sinh vat nhat dinh. Pa dang Alpha la
gia tri binh quén cua nhiing chi s6 da dang loai dugc tinh tir nhidu 6 mau trong mot
quan x& sinh vat nhat dinh. Pa dang Beta 1a da dang loai cua nhiéu quan x4 sinh vt
trong nhitng moi treong khac nhau hay canh quan khac nhau. Pa dang Beta duoc
xac dinh bang cach gop chung nhiéu quan xa trong nhitng maéi truong khac nhau.
NGi chung, gia tri ciia cac chi s6 da dang Alpha, Beta va Gamma thay d6i tlly theo
pham vi d6i twong thu mau (Whittaker, 1972, 1977).

Pa dang sinh vat thay dbi tiy theo mdi truong. Nhirng yéu té anh hudng dén
da dang sinh vat c6 thé duoc phan chia thanh mot s6 nhém. Nhoém 1 1a nhiing yéu té
biéu hién trén pham vi khdng gian rong Ion nhu yeu t6 dia ly (vi d9, kinh d¢, do
cao) va do sau cua bién va dai dwong. Nhom 2 bao gom nhitng yéu té cé lién quan
dén vi do nhu bién dong khi hau. Nhém 3 1a nhitng réi loan trong méi truong, sy
cach ly vé dia ly va nhiing khac biét vé thanh phan méi truong v6 co. Nhom 4 1a
nhitng yéu té thudc vé nhiing sinh vat nhu s6 luong loai va kha niang canh tranh
gitta cac loai, su thay d6i vé khdng gian, cau tric va giai doan dién thé cua quan xa
sinh vat. Vi thé, nghién ctu va giai thich mdi quan hé giita da dang sinh vat voi
nhitng yéu té méi truong 1a mdi quan tam to 16n cua cac nha sinh thai hoc va 1am
hoc.

2.4.2. Tam quan trong caa nhirng nghién ciru vé da dang sinh vat

Sau Hoi nghi vé trai dit vao nam 1992 tai Rio de Janeiro (Braxin), da dang
sinh vat da tré thanh méi quan tam khdng chi dbi véi cac nha sinh thai hoc va 1am
hoc, Ma con ca cac nha moi trudng, cac nha 1ap ké hoach va cac nha quan ly. Nhiéu
nuéc 1a thanh vién caa Cong udc vé da dang sinh hoc. Theo cong udc ndy, moi
qudc gia déu co nghia vy va trach nhiém ghi nhan nhiing loai ciy va dong vat xuat
hién & nuéc minh, dong thoi danh gia chinh xac da dang sinh vat va xac dinh nhiing
chién lugc quan ly bén viing dé bao ton da dang sinh vat.

Hién nay cac nudc phai tp trung nghién ctru da dang sinh vat bai nhiéu ly
do khac nhau. Mat 1a mdi qudc gia can phai bao ton da dang sinh vat. Nguyéen nhan
1a vi nhiéu hé sinh thai ring tu nhién da bi khai thac kiét hoic co nguy co bién mat.
Hai 12 con ngudi 12 mot trong nhitng thanh phan cau thanh mang ludi nhitng hé sinh
thai. Su séng cua con ngudi phu thudc vao khong khi sach, nguén nudée sach, nguon
thire an an toan va thudc chita bénh...Vi su sdng con, con ngudi di tac dong dén hau
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hét cac hé sinh thai. Két qua da 1am suy yéu hodc 1am bién mat nhiéu hé sinh thai
ma sy song cia con ngudi phu thude vao d6. Ba 1a da dang sinh vat khéng chi 1a
mdi quan tdm to I6n caa cac nha sinh hoc, sinh thai hoc, 1am hoc va méi trudng, ma
con ca cac nha quan 1y va hoach dinh chinh sach. Bén Ia hién nay khoa hoc va thuc
tién van con nhitng thao luan khac nhau xung quanh nhitng sé do da dang sinh vét.
Trude day cac nha sinh thai hoc da dé xuat rat nhiéu chi s va nhitng mé hinh dé do
dac da dang sinh vat tiy theo mdi trudng, noi sinh sdng va vi tri khac nhau cua sinh
vat. Tuy vay, phan 16n nhitng s6 do da dang khong phai 1a nhirng chi sé do da dang
thue, ma chi 1a nhitng entropy. Vi thé, nghién ctu nhitng chi s6 da dang va phwong
phap danh gia chinh xac da dang van can phai dugc dit ra. Nam 1a nhitng théng tin
vé két cdu loai cay gd, cu tric quan thy, da dang lodi cay gd va cac quan xa thuc
vt 1a co s khoa hoc cho quy hoach rirng va bao ton da dang sinh vat rimg.

No6i chung, chi s6 da dang 1a mot cong cu dé do dac va so sanh sic khoe cua
cac hé sinh thai & nhimg noi khac nhau; danh gié su thay d6i da dang sinh vat & mot
noi nao d6 theo thoi gian. Viéc danh gia co thé giup xac dinh nhitng nguyén nhan
dan dén su thay doi da dang sinh vat.

2.4.3. Nhirng so do da dang sinh vat

Theo Magurran (2004), hién nay c6 rat nhiéu sé6 do da dang sinh vat va
ching ta rat kho quyét dinh phuong phap do da dang nao 1a phuong phép tét nhat.
Mot cach thirc dé chon sé do da dang sinh vat 1a kiém dinh hiéu lyc cua phuong
phap vai sb liéu thuc té. V& mat khoa hoc, mét chi sé da dang tét phai c6 kha ning
phén loai dugc nhitng hé sinh thai va nhitng vi tri khdc nhau. Ngoai ra, n6 khong
phu thudc vao kich thuéc 6 mau va thanh phan da dang dugc do dac, dong thoi
duoc st dung rong réi va dé hiéu. Trong sinh thai hoc, da dang sinh vat cia mot khu
vue nao do duge xac dinh thong qua ba s6 do hay ba thanh phan da dang. Mot 1a su
giau cé vé loai (Species Richness). Hai 1a da dang vé loai (Species Diversity). Ba 1a
tinh dong déu vé phan bd do phong pha hay d6 wu thé cta cac loai sinh vat
(Evenness of Species Abundance).

Su giau c6 vé lodi sinh vat biéu thi s luong lodi sinh vét bat gip trong
nhitng mau do dém. Su giau co vé loai sinh vat chi don gian cho biét s6 loai sinh vat
ctia doi tuong nghién ciru. Su gidu c¢6 vé 10ai sinh vat khong tinh dén d6 phong ph
cua cac lodi sinh vat. Hé sinh thai nao cang nhiéu lodi sinh vat thi hé sinh thai d6
cang giau co vé loai sinh vat.

Mirc d dong déu vé do phong ph cua cc loai sinh vat bicu thi phan b6 do
phong phu tuong d6i cua céac loai sinh vat trong quan x& & mot khu vuc nao dé. Su
dong déu vé do phong phu cua cac Ioal sinh vat dugc tinh toan nham muc dich so
sanh su twong ddng vé kich thudc quan thé (46 uu thé) cua mdi loai sinh vat bat gap
6 mot khu vuce nao do.

2.4.3.1. Nhitng sé do sw giau c6 vé l0ai sinh vit

Sy gidu c6 vé loai sinh vat biéu thi s loai (S, loai) ¢6 trong quan x4 sinh vat.
Theo Whittaker (1972; 1977), sy giau ¢ vé€ loai c6 thé dugc do bang chi s cua
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Margalef (Cong thirc 2.19) va chi s6 Menhinick (Cong thirc 2.20). O cong thirc 2.19
va 2.20, S = s0 loai trong quan xa; N = tong so ca thé cua S loai trong quan xa.

S-1
IMargalef - Ln(N) (219)
S
IMenhinick = \/N (220)

Ca hai chi s6 Margalef va Menhinick déu thay ddi theo kich thuéc va sb
lrong 6 mau. Chi s Margalef nhan gia tri nhé nhat bing 0 khi S = 1. Trong cic
QXTV rimg, hai chi sb nay thuong nhan gia tri 16n hon 1. Theo Magurran (2004),
hai chi s6 Margalef va Menhinick dugc str dung dé so sanh su giau cé vé loai tiy
theo vi tri, quan x4, hé sinh thai va kich thuéc 6 mau.

2.4.3.2. Nhitng sé do da dang lodi sinh vit

(a) Nhitng sé do da dang lodi sinh vt bang phwong phdp tham sé. Phan nay
gidi thiéu bon phuong phap do da dang loai théng dung: (1) Phuong phap chudi
Logarit; (2) Phuong phép théng ké Q; (3) Phuong phap thong ké Jackknife; (4)
Phuong phap cua Chao.

(ay) Phwong phdp chudi Logarit. Ronald Fisher (1943; Din theo Magurran,
2004) 1a nguoi dau tién mo ta su phong phi cua cac l0ai trong cac quan x3 sinh vat
bang chudi duong cong Logarit (Cong thirc 2.21). O cong thic 2.21, ax |a loai chi
c6 1 ca thé; ax?/2 1a sb lodi co 2 ca thé; ax®/3 1a lodi c6 3 ca thé; ax®/k 1a lodi cé k ca
thé. Gid tri x va a déu 1a hang sb; trong d6 x nhan gia tri gitra 0 va 1.

oX, X212, 013, ox*/4... ax/n (2.21)

Hai tham s6 o va S biéu thi cdu triic quan xa. Giita hai tham s6 nay c6 mdi
quan hé nhu ham 2.22; trong d6 gia tri o dugc xac dinh theo ham 2.23. Khoéang tin
cay cua o duogc xac dinh theo cong thirc 2.24. Gia tri x phu thugc vao ty 1€ N/S.
Trong thuc hanh, ngudi ta thuong lay gia tri x > 0,99 nhung khong bao gio x > 1.
Khi ty 18 (N/S) > 20, thi x = 0,99. Vi x thudng nhan gia tri xap xi 1, nén a biéu thi
s6 loai chi ¢6 1 ¢4 thé. Vi du: Khi N = 1000 va x = 0,99, thi S = 47.

S=a*Ln(1 + N/a) (2.22)
o= Mi—xl (2.23)
Var(e) = —o2) (2.24)

[Ln(X/(1 - X) - 1)

Theo m6 hinh chudi log, Hayek va Buzas (1997; Dan theo Magurran, 2004)
da xay dung rr}é hir}h uécvlu’o‘ng sO loai bat gap (S) & mdt khu vuc theo ham 2.25;
trong d6 N = tong so ca thé cua S loai. Vi du: Khi N = 1000 va x = 0,99, thi S = 47.

(SIN) = [(L - X)/X]*[-Ln(L - X)] (2.25)
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Theo Magurran (2004), phan bd chudi Log cua Fisher chi thich hop véi
nhitng chudi sé liéu ma d6 phong phi cua cac loai biéu thi bang sé ca thé. Chudi
Log khong thich hop véi nhitng chudi sb liéu ma d6 phong phi cua loai biéu thi
bang sinh khéi. Mit khac, chi s6 da dang a cua Fisher khdng thich hop véi truong
hop quan x& c6 S rat 16n va mat do cao. Tréi lai, chi s6 nay chi thich hop véi truong
hop quan x& c6 S nho va mat do thap. Noi chung, chi s da dang Alpha theo chudi
Log khdng phu thudc vao kich thusc 0 mau. Ngoai ra, n6 dugc bao céo bang hhing
s6 do da dang rd rang, tham chi d6 phong phu cua loai khdng phan bé theo chum
Log va it chiu anh huéng boi d6 phong phu cua nhitng loai ¢6 mat ¢ nhiéu 6 mau.
Vi thé, chi s6 da dang Alpha cua Fisher c6 thé dugc sir dung trong phan loai cac
QXTYV rung.

(ay) Phwong phdp dua trén thong ké O. Kempton va Taylor (1976, 1978;
Dan theo Magurran, 2004) da dé xuat sir dung théng ké Q 1am sé do da dang. Chi s6
nay la s6 do do ddc tir phan vi (Q = Inter-Quartile Slope) ciia dudng cong tich lily
d6 phong phu cua cac loai. Him ude lugng do déc tir phan vi (Qg|ope) c6 dang nhu
ham 2.26; trong do caC tir phan Vi dugc tinh theo cong thirc 2.27. O cbng thirc 2.26
va 2.27, S = tong sd loai trong mau; Y(n,) = tong sb loai giira cac ta phan vi; Qq va
Q. tuong ung la tr phan vi 25% va 75%; ng; = $6 loai roi vao cap Qy; Ng, = 50 104
roi vao cap Q..

Qsiope = [ + Xny) + 52 YLn(Q2/Q1) (2.26)

Q1 =S5/4; Q, =0,5*S; Q3 = 0,75*S (2.27)

(ag)Phwong phdp dwa trén thong ké Jackknife. Dya trén thong ké Jackknife,
Burnham va Overton (1978, 1979; Dan theo Magurran, 2004) di xay dung hai
phuong phép wdc lugng s loai (S) trong quan xa bang phuong phap 1y mau lap,
tuong ung goi la phuong phap Jackknife 1 va Jackknife 2. Theo hai phuong phap
nay, so lodi (S) trong quan xa duoc xac dinh twong @mg theo cong thirc 2.28 va 2.29;
trong do S(Mau) la SO loai thuc té trong 6 mau, Q, va Q, twong ung 1a s6 loai chi c6 &
1 6 mau va 2 & mau, m la tong s6 6 mau.

Sack1 = Sqma) + Q1(m - 1)/m (2.28)

Siack2 = Sviany + [(Qu(2M-3)/m) - (Qz(M-2)?/m(m-1))]  (2.29)

(ay) Phwong phdp tham sé ciia Chao. Chao (1984; Dan theo Magurran,
2004) da xay dung hai phuong phap udce luong s6 loai trong quan xa. Sau nay, khi
4p dung hai phwong phap nay dé nghién ctru da dang sinh vat & rimg mua nhiét doi
Costa Rica, Chazdon va ctv (1998) da goi h’ai phuong phép nay la Chao 1 va Chao
2. Theo phuong phap Chao 1 va Chao 2, s6 loai (S) trong QXTV duoc ude luong
tuong ung theo cong thirc 2.30 va 2.31. O cong thuc 2.30 va 2.31, S(Mau) la sb loai

thue té thu duoc trong 0 mau; F, va F, tuong ung la s6 loai chi colvazca thé; Q,
va Q, tuong ung 1a sb loai chi xuat hién trong 1 6 mau va 2 6 mau.
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F2

SChao 1- S(mau) Y= 2|: (2.30)
SChao 2= S(mau) + (2?(52 (231)

Noéi chung, vu dlem cua phuong phap tham s6 1a s6 loai duoc udc luong dua
theo quy luat phan b s6 loai cua quan x& va két qua co the kiém tra bang nhiing
tiéu chuan théng ké. Nhuoc diém cua phuong phép tham s 1 tinh toan phuc tap.

(b) Nhiing sé do da dang loai bang phwong phap phi tham s6. Phan nay gioi
thiéu 9 phuong phap do da dang sinh vat thong dung nhat.

(b,) Chi sé da dang cua Simpson. Theo Simpson (1949; Dan theo Magurran,
2004), néu quan x& rat 16n (sb ca thé 1a v han, N.,), thi viéc loai bo mot ca thé cua
loai nao @6 ciing khong anh hudng dang ké dén xac suat bat gap loai do lan tha 2.
Vi thé, xac suét bat gap lodi i 1an thir nhat 1a P; (P; = ni/N), con Xxéc suat bt gap loai
i 1an thar 2 12 P2 Néu quan x4 c6 dan sé nho, thi viéc loai bo mot c4 thé cua loai nao
d6 c6 anh hudng dang ké dén xac suat bat gap loai do6 lan thir 2. Vi thé, xac suat bat
gap loai i lan tha nhat I P; = n/N, con xac suat bat gap loai i lan thir 2 1a P; = (n-
1)/(N — 1). Trong ca hai trudng hop ké trén, chi s6 Simpson la tong P; ciia tat ca cac
loai. N6i chung, khi quan xi c6 nhiéu loai va dan so 1on, chi s6 Simpson duoc XaC
dinh theo cdng thic 2.32. Trai lai, khi quan x3 c6 it loai va dan sb nho, chi sd
Simpson dugc xac dinh theo cdng thuc 2.33. O cong thuc 2.32 va 2.33, N = tong sb
ca thé cua S loai; n; = sb ca thé cua loai thir i. Trong nhitng tai liéu sinh thai hoc, chi
s6 D tinh theo cong thirc 2.32 va 2.33 con duoc goi tuong (ng 1a chi s6 A va A’. Vé
ban cht, chi sb da dang Simpson bao gdm su giau c6 vé loai (%) va do phong ph
ctia cac loai (ni/N), nén chi s6 nay con dugc goi 1a chi s6 wu thé cua céc loai.

DSimpson = z:Si = 1(ni/N)2 = z:Si = lpi2 (232)
n; gn )
DSlmpson - 2 i= 1( ,\i(l\l| 1) ) (2-33)

Chi s Simpson (D) cang nhé thi mirc d6 da dang cang cao. Trai lai, chi s6 D
cang 16n thi mac do da dang cang thip. Khi D = 1 thi khéng da dang. Vi thé, dé
logic va d& hiéu hon, Gini-Simpson da bién dbi chi s6 D thanh (1 — D) va (1/D). Chi
s6 (1 — D) ciing nhan gié tri tir 0 dén 1. Khac véi chi s D, néu (1 — D) cang I6n thi
tinh da dang cang cao. Chi s nghich dao Simpson (1/D) 1a mét cach bién doi khac
dé khac phuc thiéu st caa chi s6 D. Chi s6 1/D nhan gié tri nhé nhat bang 1. Gié tri
1/D = 1 cho biét quan x4 chi c6 1 loai. Néu quan x& ¢ it lodi va mot s loai co do
phong phu 16n, thi chi s6 D nhan gia tri nho, con chi s6 1/D nhan gia tri 16n. Noi
chung, khi 1/D nhan gi4 tri cang Ién thi da dang loai cang cao. Gié tri 1/D 16n nhat
bang s6 luong lodi cd mat trong mau. Vi du: Mau ¢6 5 10i thi (1/Dyay) = 5. Trong
thuc té ca ba chi s6D,1-Dval/D déu c6 thé dugc tinh toan va bao c4o. Dé tinh 3
chi s6 nay, can phai biét s6 loai (S), s ca thé cua ting loai (n;) va tong 30 ca thé cua
cac loai (N). Ngoai ra, dé wéc lugng chinh xac da dang loai cua cac quan x&, chung
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ta can phai thu thap nhiéu 6 mau. N6i chung, ba chi sé nay nhan nhitng gia tri khéac
nhau nhung cing phan 4nh mot mirc da dang. Vi thé, diéu quan trong 1a chon chi s6
ndo d¢ so sanh tinh da dang cua cac quan xa sinh vat. Khi loai c6 nhicu ca thé, thi
trong sb s€ I6n. Nhiing loai hiém gap thi D it thay d6i. N6i chung, chi s6 da dang
hay chi s6 wu thé Simpson duoc sir dung dé xac dinh da dang cua nhitng quan xa
sinh vat & mot moéi trudng nhat dinh (Pa dang Alpha). Trong sinh thai hoc va 1am
hoc, ba chi s6 D, 1 — D va 1/D déu c6 thé duoc s dung dé danh gia tac dong moi
truong va nhirng hoat dong lam sinh.

(b)) Chy 6 da dang Shannon — Weiner. Shannon — Weiner (1948 — 1949;
Dan theo Magurran, 2004) tinh chi s6 da dang theo cong thuc 2.34; trong d6 H = chi
s0 da dang, S = so loai, P; = (ni/N), n; = s6 ca thé cua loai i, N = tong so ca thé cua
cac loai.

H = - 2% ,Pi*Log(P) (2.34)

Gia tri cua chi s6 H phu thugc vao viéc st dung Logarit co s6 2, co sd Neper
hay co s6 10. Trong ly thuyét thong tin, nguoi ta thuong su dung Log(z). Trong sinh
thai hoc, nguoi ta thuong sir dung Logarit co so6 Neper va H duoc Ki hi¢u 1a H’.
Theo Magurran (2004), gia tri H’ thuong nam trong khoang [1,5 — 3,5]; it khi H’ >
4,5. Theo Clarcke va Warwick (2001), chi s6 da dang Shannon — Weiner 1a mot
trong nhitng chi s6 da dang duoc sir dung rong rai nhat. Chi sé nay duoc str dung dé
so sanh da dang gitta nhitng hé sinh thai khac nhau (Pa dang Beta) va gitra nhirng
canh quan khéac nhau (Pa dang Gamma).

(bs) Chi s6 da dang cua Mclintosh. Mcintosh (1967; Dan theo Magurran,
2004) dé xuat chi sb da dang (MI) dugc tinh theo cong thirc 2.35; trong d6 n; = s6 ca
thé cua loai i, N = tong s6 ca thé cua cac loai.

M1 =1—/n?/N (2.25)

(by) Chi sé6 da dang cua Berger-Parker. Berger - Parker (1970; Dan theo
Magurran, 2004) da xay dung chi s6 da dang (Igp) theo s6 do nghich dao cua chi s6
vu thé 16n nhat Pwmax (Cong thire 2.36). Chi 86 Puax la ty 1€ gitta mat do lon nhat cia
loai ndo d6 va tong mat do cia tat ca cac loai (Cong thirc 2.37).

IBP = 1/PMax (236)
PMax (NMax/N) (2 37)

Khi s6 ca thé cua cac loai trong quan x& bang nhau, thi ty ¢ do phong phu
cta cac loai dat cao nhét (Piuay). Khi chi 6 Igp ting 18n thi tinh da dang cta quan xa
sinh vat cling tang lén.

(bs) Chi s6 da dang cua Hill. Chi s6 da dang tong quat cua Hill (1973) c6
dang nhu ham 2.38; trong d6 S = s6 loai, P; = d6 phong phu twong doi cua loai i.

D, = Yt (P (2.38)

~Mark Hill (1973) da de xuat cac s6 do N, = exp(H,). Sau ndy nguoi ta goi
cac so do N, la nhitng so caa Hill. Khia =0, thi D, = S (so loai). Khi a = 0,999, thi
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D, = H’. Khia =2, thi D, = Dgjmpson. Ttr cOng thuc 2.31, Hill da dé xuét ba chi s6 da
dang Ny, N2 va N, trong ting dugc tinh theo cong thuc 2.39, 2.40 va 2.41. Ba chi sd
N1, N, va N, tuong ung véi chi s6 da dang thuc, chi sb nghich ddo cua chi sb da
dang Simpson va chi sé da dang cua Berger-Parker.

N, =exp(H’) (2.39)
1

N, = —s—zzizl P, (2.40)

N, = Pl (2.41)
Max

Nhitng s6 do da dang cua Hill c6 nhitng wu diém sau day: (1) Chidng c6
nhitng chd giai théng nhat; (2) Chang thay d6i rat nho ddi vai nhitng loai hiém gap
va thay d6i manh ddi véi nhitng loai thuong gap; (3) Chung biéu thi khong chi sé
loai, ma con ca sb ca thé cua cac loai; (4) Vé mat todn hoc, chung duoc sir dung dé
xac dinh céc s6 do da dang nhu Ny = S (S6 loai & ddi twong nghién ciru), N; =
exp(H’) (H’ 14 chi s6 da dang Shannon-Weiner), N, = 1/D (Chi s6 uu thé Simpson).
N6i chung, cac chi s6 Simpson va Shannon — Weiner dugc tinh toan dé& dang. Vi
thé, chi s da dang sinh vat chi can tinh theo cac chi sé da dang Simpson va
Shannon — Weiner.

(bs) Chi s6 da dang cua Margalef. Chi sé da dang cua Margalef (1958) ¢
dang nhu cong thirc 2.42; trong d6 P; = Dsimpson-

1-P;
DMargaIef ( PI) (242)

(b;) Chz"sé' da dang cua Patil-Taillie. Patil-Taillie (1976; Dan theo Giavelli
va ctv, 1986) dé xuat c['li s6 da dang dugc xac dinh thgo c()ng thirc 2.43; trong d6 Pt
= chi s6 da dang, N = tong s6 ca thé trong mau; n; = s6 ca thé cua loai i.

iz °(i/N)**Logs0(ni/N)
1- (n,lN)

(bg) Chi so da dang cia Brillouin. Theo Clarcke va Warwick (2001),
Brillouin dé xuat chi s6 da dang duoc tinh theo cdng thic 2.44.

IBrllloum In(NI) Zln(n I)N (2 44)

Clarcke va Warwick (2001) va Magurran (2004) cho rang chi s6 Brillouin
khong thich hop dé ude luong su da dang cia mot quan xi dua trén mot mau do
dém ngiu nhién. Chung chi thich hop cho nhiing trudng hop da théng ké day du do
phong phu cta toan bd cac loai hinh thanh quan xi hodc nhitng mau do dém dién
hinh. Ngoai ra, chi s6 Brillouin ciing khong dé tinh toan, ngay ca voi may tinh. Tinh
phirc tap nay c6 lién quan dén phép tinh Ln(N!) va Ln(n;!).

Pr=1+ (2.43)

(by) Chi sé hiém. Chi s6 hiém (IR) duge st dung dé xac dinh nhitng loai
hiém gdp trong nhitng quan x4 sinh vat. Chi s6 IR duoc xac dinh theo cong thic
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2.45; trong d6 N = tong s6 6 do dém, n = tong sb 6 bét gap loai quan tdm. Gia tri IR
thay ddi tir 0 — 100%. Khi IR = 78 — 95%, thi loai it bat gap trong QXTV. Khi IR =
95 - 97%, thi loai rat it bat gap trong QXTV. Khi IR > 97%, thi loai cuc ky it bt
gap trong QXTV.

IR = (1 — (n/N))*100 (2.45)

Noi chung, uu diém cua phuong phap phap phi tham sé 1a don gian trong
tinh toan va khong can phai biét quy luat phan b s6 loai trong quan x& sinh vat.
Nhuoc diém cua phuong phap phi tham s 1a két qua khdng chi ra duoc muc y
nghia thong Ke.

2.4.3.3. Nhitng sé do mirc d¢ dong déu vé dp phong phii ciia cdc lodi

Mot trong nhitng thanh phan quan trong cua da dang sinh vat 1a phan b do
phong phu cua cac loai trong quan xa. Pa dang sinh vat phu thudc khong chi vao s6
loai, ma con vao phan b d6 phong phu cua cac loai. Vi thé, dé so sanh da dang sinh
vat giita c4c quan x&, cac nha sinh thai hoc khong chi st dung sb loai va chi sé da
dang loai, ma con ca chi s6 dong déu (Evenness Index). Chi s nay do muc d6 dong
déu dbi voi do phong phi ctia cac l0ai trong quan xa. Dudi day gidi thiéu mot so chi
s6 thong dung duoc sir dung dé do phan bb d6 phong phu cua céc l0ai.

(1) Chi s6 dong déu ciia Pielou. Pielou (1969; Dan theo Magurran, 2004) dé
xuat chi so6 do sy dong déu vé do phong phu cua cac loai theo cong thirc 2.46.

P = H'/H ya (2.46)
H’ vax = =Y. 5i=1(1/S)*In(1/S) = In(S)
(2) Chi sé dong déu cua Simpson. Simpson (1949; Dan theo Magurran,

2004) da xac dinh sy dong déu veé do phong ph cia cac loai trong quan x& bang
cach chia chi s6 wu thé cho so6 loai (Cong thac 2.47).

ESimpson = (DSimpson/S) (2.47&)

ESimpson = (1 - DSimpson)/(l - DSimpsonMax) (2 47b)

Chi s Es.mpson phu thudc chat ch& vao sé luong Ioa| trong quan xa. Vi thé,
chi s6 dong déu vé d6 phong phu cua cac loai trong quan xa c6 thé dugc xac dinh
bang céch chia chi s6 da dang cua Simpson & dang nghich dao cho s6 loai (Cong
thirc 2.48).

Eup= (1/D)/S (2.48)

(3) Chi s6 dong déu cua Shannon — Weiner. Theo Shannon-Weiner (1948,
1949; Dan theo Magurran, 2004), khi chi s6 da dang H’ tién dén 1, thl phan bb do
phong phu cua cac loai trong quan x& rit dong déu. Ngugc lai, khi chi s6 da dang H’
tién dén 0, thi phan bd do phong phu cua cac loai trong qUan xa rat khong dong déu.
Khi tit ca cac loai c6 d6 phong phu bang nhau (ddng déu), thi ¥°-,P; = 1/Sva H’ =
Ln(S). Vi thé, Shannon-Weiner da xac dinh chi sé dong déu theo cong thuc 2.49.
Tir cong thirc 2.49 cho thay, néu céac loai co dd phong phi bang nhau, thi Egpannon =
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1. Khi do phong pht cua céc loai khac nhau (loai hiém, loai nhiéu), thi Espannon S
giam. Vi th¢, gia tri H’ cta nhirng 6 mau duoc so sanh véi H’ . = 1. Néu do phong
phu tap trung rat cao vao mét so loai, thi chi s6 H’ s€ tién dén zero. Néu doi tuong
nghién cuu chi ¢ 1 loai, thi H* = 0.

EShannon = H’/In(S) (249)

(4) Chi sé6 dong déu cua Hill. Hill (1973) da dé xuat nhiing sé do su dong
déu vé phan bd d6 phong phu ciia cac loai theo cong thirc 2.43. Tir cdng thuc 2.43,
Hill di xay dung 4 sb do sy ddng déu (Cong thirc 2.50 -2.54). Ndi chung, nhitng sé
do cua Hill c6 vu diém 1a ching khéng chi do da dang, ma con do ca sy dong déu.

Eap = (No/Np) véi a> b (2.50)
N1o = (N/S) (2.51)

Sl--l ) (2.52)
N> = (N2/Ny) (2.53)
Nar- = (2 (2.54)

(5) Chi s6 dong deu cia Mclntosh. Mcintosh (1951; Dan theo Magurran,
2004) da dé xuat s do sy dong déu vé ‘phan b6 do phong pht cua cac loai theo cong
thire 2.55; trong d6 S = s6 10di, N = tong s ca thé cua S loai va n; = s6 ca thé cua

loai i.
\Jn?

\/((N S+1%+S-1)

__(6) Chi s6 dong deu cia Whittaker. Whittaker (1972) xéac dinh s6 do sy dong
deéu ve phan bo do phong phu cua cac loai theo cdng thirc 2.56; trong do S = so loai,
N; = d6 phong phu cua loai wu thé cao nhat, Ng = d6 phong phl cua loai uu thé thap
nhat.

(2.55)

: S
Bw=Tn(Ny - Ln(Ng)

Dé danh gia tinh khong thuan nhat vé phan b cia cac loai cay gd theo khong
gian hoic tinh khdng thuan nhat vé moi truong trong nhiing quan xa& sinh vat,
Whittaker (1972) da sir dung chi s6 da dang {3 (Cong thirc 2.57); trong d6 S 1a tong s6
loai bt gap & d6i trong nghién ciru, s 12 s6 loai binh quan bét gip trong mot & mau cua
d6i tugng nghién ciu. Tir cong thic 2.57 cho thiy, khi S = s thi cac loai phan bd dong
déu trong quan xa. Khi S >> s thi cac loai phan b khong déng déu trong quan xa. Noi
cach khac, khi S = s thi m6i truong trong quan xa la thuan nhat (dong déu). Khi S >>s
thi méi truong trong quan xa 1a khong thuan nht.

B - Whittaker = (S/s) (2.57)

(2.56)
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~ (7) Chi s dong déu ciia Heip. Heip va ctv (1974) da dé xuat cong thirc do su
dong déu vé phan b6 d6 phong phi cua cac loai theo cong thire 2.58; trong do H’ la
chi s6 da dang Shannon-Weiner, S = s6 loai.
H)-1
S-1

~ (8) Chi so dong déu cia Sheldon. Sheldon (Dan theo Magurran, 2004) da do
sy dong déu veé phan bo do phong phu cua cac loai theo cong thue 2.59; trong dé
trong d6 H’ 1a chi s6 da dang Shannon-Weiner, S = s6 loai.

E= e_x%ﬂ) (2.59)

(9) Chi s6 dong déu cua Brillouin. Brillouin (Dan theo Magurran, 2004) da
xac dinh sy dong déu vé phan bd do phong phu cua cac loai theo cong thirc 2.60.

Esr = (Ia/lIgrmax) (2.60)

Khi cé4c loai c6 6 phong phu bang nhau, thi chi s6 lg, nhan gié tri cao nhat
(Ibrma). V& nguyén tic, khi d6 phong phl cua cac loai bang nhau, thi sé ca thé
trung binh cia mdi loai (n) duoc thay thé bang N/S. Theo do6, gia tri ZLn(ni!) s&
bang S*Ln(n!). Tuy nhién, khi tinh n bang ty 1& N/S, thi n c6 thé nhan gia trj 1é.
Diéu nay giy kho khin cho viéc tinh Ln(ni!). Pé khac phuc tinh trang nay, gia tri
N/S can phai dugc 1am tron. Ngoai ra, bai vi S*n cd thé nho hon N, nén gia tri
Ibryax dugc xac dinh theo cong thic 2.61; trong d6 véi r = N — S*n.

Ibryax = (LN(ND —r*Ln((n + 1)) - (S-*Ln(n)))/N  (2.61)
2.4.3.4. Phwong phdp so sanh va ddnh gid da dang loai cdy gé

=& (2.58)

Xac dinh phuong phap so sanh va danh gia da dang loai cay gd clia cac
QXTV rimg 1a mot van dé quan trong. Vé Iy thuyet phuong phép so sanh da dang
loai c@y go cua cac QXTV la rat da dang. Nguyén tac chung 1a chon nhiing phuong
phap d& tinh toan va tra 1i 1d rang nhiéu cau hoi dit ra. Tu nhiéu tai liéu tham khao
cho thiy, viéc so sanh va danh gia da dang loai cay gd cua cac QXTV rimg duoc
thuc hién theo cac budc co ban sau day.

Budc 1. Xac dinh nhitng dic trung thong ké cta cac thanh phan da dang theo
ting ddi twong nghién ctru (QXTV rung). Nhing déc trung thong ké thuong duoc
bao cao la trung binh, nho nhat, 16n nhat sai tiéu chuan, hé s6 bién dong. Bang 2.4
dan vi du bao cdo tom tit nhitng chi s6 da dang loai cay gé dbi v6i uvu hop Dau con
rai.

Buge 2. banh gia két qua phan tich da dang loai cay go Theo Magurran
(1988, 2004), néu Omargater < 2, 2 — 8 va > 8, thi muc dé giau co vé loai cay gb twong
g & muc thap, trung binh va cao. Gia tri J’ dao dong tir O — 1; trong d6 J* cang gan 1
thi d¢ phong pht cua cac loai cay g6 cang dong déu. Pa dang Ioal cay gd & muc thap,
trung binh, cao va rat cao tuong ung véi H> <2, H’ =2 -3, H’ =3 - 4 va H’ > 4. Khi
loai nao co chi s6 1 — A’ cang cao, thi mirc d6 wu thé cua loai d6 cang cao. Pa dang
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B biéu thi bién dong thanh phan loai theo diéu kién méi truong. Khi chi s6 B cua
QXTV rirng nhn gi4 tri cang gan 1, thi thanh phan loai cay g phan bé trong QXTV
cang dong déu hay méi truong ciia QXTV bién dong cang nho. Tréi lai, khi chi s6 p
cua QXTV ring nhan gié tri cang Ién, thi thanh phan loai cay g phan bé cang khong
d6ng déu hay méi treong bién dong cang 16n.

Bang 2.4. Pic trung théng ké nhitng chi s6 da dang loai cay gd d6i voi uu hop Dau
con rai. Pon vi tinh: 0,25 ha. Nguon: Pao Thi Thuy Duong, 2019.

Théng ké S N d 7 H 1  B-Whittaker
) 2 & @ 6 6 O (8
S6 6 mau 9 9 9 9 9 9 9
Trung binh 23 162 428 082 256 0,89 2,39
+S 20 123 0539 006 019 0,03
CV% 87 76 91 77 73 36
Nho nhét 20 147 368 0,70 220 0,82
L6n nhét 25 178 481 09 280 0,92

L6n nhat-Nho nhat 5 31 1,13 020 060 0,10

Budc 3. So sanh cac thanh phan da dang. Sy khac nhau vé ba thanh phan da
dang giira cac ddi tuong nghién ciru (QXTV ring) co thé so sanh bang phuong phap
phan tich bién dong (ANOVA) va hd so da dang cua Rényi. Phuong phap ANOVA
¢6 vu diém 1a dé tinh toan bang cac phan mém thong ké va tra 10i két qua kém theo
d6 tin cdy rd rang. Phuong phap ANOVA c¢6 nhuoc diém 14 phai thuc hién nhiéu so
sanh va kho chon dugc chi tiéu dé phan loai cac QXTV rung. Mat khac, do cac
thanh phan da dang loai cay g6 cua cac QXTV rimg co bién d6 bién dong (Max —
Min) kha rong va trung 14p 1én nhau, nén phuong phap nay phan chia khong rd rang
su khac nhau vé cac thanh phan da dang giita cac QXTV rung.

bé xac dinh su khac biét vé cac thanh phan da dang giita cac QXTV rung,
nguoi ta dé nghi st dung ho so da dang cua Reényi (Cong thuc 2.62). O cong thac
2.62, H, 1a ho so da dang cua Rényi; P = (ni/N) véi ni la so ca the cua loai i, N [a tong
s6 ca thé cua cac loai; a nhan gia tri = 0; 0,25; 0,5; 1, 2, 3,.., o; S = s6 loai cay go.

Ho = Ln(Yi=1, s(Pi*)/(1 - ) (2.62)

Ho so da dang cua Rényi c6 mot sb tinh chat dang luu y. Khi a = 0, thi
exp(Ho) = S. Khi a =1, thi Ha = H’. Khi a = 2, thi Ho = Ln(1/Dsimpson). Khi a =
thi H,, = -Ln(1/Berger - Parker) va 1/exp(H.) = Pmax (Ty 1& d0 phong phu cua loa1 co

d6 phong phii cao nhat). Luu y ¥y rang khi o = 1 va a = oo thi Ln(H,) =0. Vi thé, khi tinh
H’ va Py, gid tri a = 1 thay bang a = 0,999, con o = oo thay bang a = 100.

Ho so da dang cua Rényi 1a nhitng dudng cong cung cap céac thong tin vé ba
thanh phan da dang loai (Sy giau c6 vé loai, su dong déu vé phan bd do phong phti
ctia cac loai va da dang loai). Uu diém cua hd so da dang cua Rényi 1a cac dudng
cong da dang biéu thi rd rang thir bac cao thap cta cac QXTV theo muc da dang.
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Mat khac, mot s6 thanh phan da dang (S, H’, 1/D8|mpsona Pmax) €O thé xéc dinh tir tinh
chét cua ho so da dang cua Rényi. Nhuoc diém cua hd so da dang cua Rényi 1a n6
khong cho biét rd cac thanh phan da dang va do tin cdy cua cac két luan. Nhuoc
diém nay duogc khic phuc bing cach tinh cac dic trung thong ké dbi véi cac thanh
phan da dang.

Khi v& duong cong da dang loai, truc hoanh la gia tri a, con truc tung la hd so
da dang cua Rényi (Hy). Truc hoanh bén tréi cho biét muc d6 gidu co vé loai, con truc
hoanh bén phai cho biét murc d6 dong deu vé phan bd d6 phong phii cta cac loai cay
0. Su khac biét vé da dang loai cay go giita hai hay nhiéu QXTV duoc so sanh dya
theo vi tri cao thap cua dudng cong hd so da dang loai. Theo hd so da dang, QXTV
nao c6 vi tri hd so da dang cao hon thi QXTV d6 da dang hon.

Bang 2.5 va Hinh 2.8 dan vi du so sanh hd so da dang loai cay gb dbi véi hai
uu hgp Dau con rai. Moi uu hop Dau con rai bao gom 3 6 ti€u chuan 0,25 ha; trong
do so loai cay go cua uvu hop 1 va 2 tuong ung 1a 41 va 44 loai. Chi s6 da dang
Shannon H’ ¢ wu hop 1 va 2 tuong tng 1a 3,2 va 3,0.

Bang 2.5. Ho so da dang loai cay go d6i véi hai wu hop Dau con rai. Mdi uu hop
Dau con rai bao gom 3 6 tiéu chuan 0,25 ha.
T Gidtri o Gid tri Ha cua hai vu hgp Dau con rai:

Uuhop 1 Uu hop 2

(1) (2) ) (4)

1 0 3,714 3,784

2 0,25 3,588 3,660

3 0,5 3,472 3,524

4 0,999 3,265 3,218

5 2 2,890 2,558

6 3 2,606 2,147

7 4 2,416 1,937

8 100 1,865 1,472

Ttr s liéu ¢ Bang 2.5 cho thay, déi véi wu hop 1, khi a = 0, thi exp(Ho) =
exp(3,714) = 41 loai. Khi a = 0,999, thi H; = 3,26. Déi v6i wu hop 2, khi o = 0, thi
exp(Ho) = exp(3,784) = 44 loai. Khi a = 0,999, thi H; = 3,21. Nhu vay, hai thanh
phan S va H’ dugc tinh tir hd so da dang nhan két qua tuong tu nhu s6 lidu tir phén tich
thong ké. Ho so da dang & Hinh 2.8 chi ra rang wu hop 2 ¢6 s6 loai cay gb 1on hon so
v6i uu hop 1, nhung phan bd do phong phu cia cac loai cdy gb (Chi s6 dong déu) va da
dang loai ciy gd (Chi sb da dang) lai nho hon.

2.4.3.5. Thado lugn chung vé phwong phdp xdc dinh chi sé da dang loai cdy gé

(a) Cac chi sé da dang c6 thé duoc xdc dinh theo nhitng phirong phdp tham
S6 va phwong phdp phi tham sé. Phuong phap tham s phu thudc vao quy ludt phan
b clia cac thanh phan da dang va tinh toan phtrc tap. Viéc tim ra quy luat nay la
mot viéc 1am kho khin. Phuong phap phi tham s6 khong doi héi phai biét quy luat
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phan bd cua cac thanh phan da dang va tinh toan don gian. Mt khéc, tir mot ngudn
56 ligu nhu nhau, néu tinh todn tir nhirng chi s da dang khéac nhau, thi két qua nhan
dugc cling khac nhau. Tuong tu, néu sir dung s6 ~do d6 phong phu khac nhau (N, G,
M, chi s6 IVI) dé tinh chi s6 da dang loai cay go thi két qua nhan dugc ciing khac
nhau. Vi thé, chon phuong phap do da dang va sé do d6 phong pht cua loai 1a mot
van dé can duoc quan tim.

Pa dang loai (H,, cua Rényi)
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Hinh 2.8. Do thi biéu dién ho so da dang loai cay go cua Rényi doi véi
hai uu hop Dau con réi.

(b) Chon nhiing chi so thich hop dé do da dang sinh vat. Cac nha sinh thai
hoc da xay dung rat nhiéu phuong phép xac dinh da dang sinh vat. Mdi phuong
phap déu co nhimg uu diém va nhuogc diém riéng. Van dé dat ra 1a chon nhitng chi
s6 da dang nao dé giai quyét tot nhitng muc tiéu nghién ciu. Theo Magurran
(2004), nhitng chi sé da dang sinh vat thich hop phai dam bao nhiing yéu cau co
ban sau day:

(1) Chiing 1a nhiing chi s6 don gian va dé tinh toan. Ngay nay ngudi ta da xay dung
nhitng chi s6 da dang d& tinh toan trong nhitng go6i thong ké. Bai vi khi xay
dung nhiing goi thong k&, cac nha sinh thai hoc di chon va cap nhat nhitng chi
s6 da dang thich hop nhat.

(2) Chiing phti hop véi doi twong nghién ctru. Diéu d6 cho phép giai quyét khang
chi nhitng van dé vé da dang sinh hoc, ma con ca nhitng van dé khac nhau trong
sinh thai hoc va 1am hoc.

(3) Ching cho phép udc lugng chinh xac s6 loai, boi vi sy giau c6 veé loai la mot
thanh phan cua da dang sinh vat.
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(4) Chung cho phép phan loai nhiing quan x4 sinh vat khac nhau thanh nhitng nhom
quan x3 tuong dong Diéu d6 khong chi c6 ¥ nghia vé khoa hoc, ma con ca tng
dung trong thuc tién.

(5) Chung khdng hogc it phu thuge vao kich thudc mau. Diéu d6 cho phép xtr ly s6
liéu tir nhiing ngUOn sb lidu khac nhau. Chi sé o cua Fisher va chi s6 Simpson
dap rng t6t yéu cau nay.

(6) Ching 1 nhitng chi sé da duoc sir dung rong rai trong nghién ciru da dang. Chi
s6 da dang Shannon-Weiner (H’) 1a mét chi s6 da dang sinh vét thdng dung. Chi
s6 H’ cho phép so sanh da dang sinh vat cia mot quan xa thay d6i theo thoi gian
va giira nhitng quan xa khac nhau. Tuy vay, chi s H’ lai phu thudc vao kich
thudc mau. Kho khian nay duoc khic phuc bang cach chuyén chi s H’ thanh
exp(H).

(7) Chiing cho phép giai thich d wu thé cia céc loai trong quan x&. Chi s6 Simpson
va Berger-Paker la hai chi so don gian, dé tinh toan va dap (rng tot yéu cau nay.

(8) Ching cho phép xac dinh c ba thanh phan da dang (sw giau c6 ve loai, sy dong
deu vé phan bo do phong phu cua cac loai va chi so da dang).

N6i chung, hai chi s6 da dang Simpson va Shannon-Weiner va hai chi sé
ddng déu Pielou va Shannon-Weiner 14 nhitng s6 do da dang duoc cac nha sinh théi
hoc str dung rong réi. Cac chi s6 da dang Simpson (D, 1 - D va 1/D) dugc sir dung
khéng chi nham muc dich phan tich da dang va sy déng déu vé phan bé do phong
pht cua nhitng loai cay gd trong quan xa, ma con so sanh muc do wu thé cua cac
lodi trong quan xa. Chi s6 Shannon-Weiner (H) duoc sir dung nham muyc dich: (a)
Phan tich da dang cua cac quan x&; (b) So sanh su dong déu vé phan bd do phong
phl cua cac loai trong quan X&; (c) So sanh da dang hay su phirc tap gitra cac quan
x&; (d) Phan chia nhitng quan xi twong déng. Ngoai ra, nhitng chi sé nay déu la
nhitng chi s6 don gian va rat dé tinh toan; dong thoi chiing da dugc xay dyng thanh
phan mém tinh toan trong céc goi théng ké.

(¢) Nhitng thong tin vé dac diém 1am hoc va da dang loai cay go cua nhiing
OXTV rirng c0 thé thay doi tiy theo vi tri thu mdu va doi fwgng thu mau. Mot dac
tinh quan trong cua rirng mua nhiét dai 1a tinh khéng thuan nhat theo khdng gian va
thoi gian. Vi thé, ciing mot kiéu ring gidng nhau, néu ddi trong va ranh giGi hay vi
tri thu mau khac nhau, thi két qua nhan duoc ciing khac nhau. Do do, khi bao cdo vé
dic diém 1am hoc va da dang cay go cua cac QXTV rung, nha 1am hoc can phai
dinh nghia chinh xac kiéu rung, diéu kién moi truong, Vi tri thu mau va phuong
phap thu mau. Viéc nay Ia rat quan trong, bai vi két qua chi ra két cau va da dang
loai cay g ctia cac QXTV ring dinh cu trong khu vuc nao, kiéu rirng nao va moi
treong ndo. Tom lai, khi béo cdo vé dic diém 1am hoc va da dang loai cay go cua
rung, nha Iam hoc Can phai bao céo rd phuong phép thu thip va xir 1y s6 li¢u. Mot
phuong phap thu miu tét s& nhan dugc két qua tét. Ngoai ra, st dung nhiing
phuong phap thong dung sé tranh dugc nhing tranh luan khdng can thiét.
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(d) Thir bdc cao thdp cia da dang thay déi tiy theo s6 do da dang. Tung chi
s6 da dang khong thé cung cip thdng tin chinh xac vé thir bac cao thap cua da dang.
Néu str dung chi sé da dang khac nhau, thi két qua phan loai da dang khac nhau.
Chang han mot vj tri c6 H’ cao nhung J’ nho. Mic du st dung nhiéu chi sé da dang
cho phép danh gia dang thir bac cao thip cua da dang, nhung viéc tinh toan lai gip
kho khan. Kho khin nay duoc giai quyét bang hd so da dang cua Rényi.

(e) Chon phuwong phdp thich hop dé so sanh da dang sinh Vit giita cdc QXTV
rirng. Su khac biét vé da dang loai cay g gitra cac QXTV c6 thé dugc so sanh bing
phuong phap ANOVA va hd so da dang cia Rényi. Dé thiy rd tinh phirc tap cua
phuong phap ANOVA, ching ta xem xét truong hop so sanh da dang loai cay gb
cua 6 QXTV khac nhau. Sau thanh phan da dang can so sanh la S, N, dmargater, J°, H’
va Dagimpson. Khi phén tich thong ké, gia thiét chung ta chi bao cdo: (1) Nhiing dac
trung théng ké cia 6 thanh phan da dang; (2) Bang ANOVA d6i voi 6 thanh phan
da dang; (3) Bang so sanh sy khéc bi¢t cua 6 thanh phan da dang (S, N, dmargater, J°,
H’ va Dsimpson) gilta 6 QXTV.

Bang 2.6. Ho so da dang loai cdy g6 doi voi 6 QXTV khac nhau. Mdi QXTV bao
gom 5 6 tiéu chuan 0,25 ha.
Quan x4 thuc vat:

TT Gidtria 1 > 3 4 5 5
) (2) 3) (4) ©) (6) (7) (8)

1 0 3,970 4,143 4,094 3,738 4,043 3,989
2 0,25 3,792 4,069 3,849 3535 3,796 3,782
3 0,5 3,602 3,987 3,604 3,309 3,547 3,585
4 0,99 3,206 3,793 3,147 2,828 3,096 3,267
5 2 2,444 3,254 2,427 2,067 2,453 2,909
6 3 2,017 2,784 2,043 1,724 2,128 2,755
7 4 1,812 2,514 1,847 1560 1,954 2,671
8

100 1,375 1909 1,406 1,189 1505 2,334

O vi du nay, mac du phan tich ANOVA duoc tinh toan don gian bﬁng cac
phan mém thdng ké, nhung két qua xur Iy cung cdp nhiéu thong tin va cc thong tin
nay duoc bao cdo rat phuc tap. Tinh phtrc tap biéu hién & chd, chung ta phai bao céo
1 hodc 6 bang thong ké md ta tuy theo cach 1ap bang; 6 hodc 1 bang phan tich
ANOVA tuy theo phuong phap phan tich; 180 c@p so sanh gitta 6 QXTV. Tinh
phtec tap s& ting 1én khi ddi tuong so sanh trén 6 QXTV. Trai lai, st dung phuong
phap phan tich da dang theo hd so da dang ctia Rényi lam giam tinh phirc tap trong
tinh toan va bao céo két qua. Theo phuong phap nay, chung ta chi bao cdo 1 hoic 6
bang théng ké mo ta tiiy theo cach lap bang; 1 bang hd so da dang (Bang 2.6) va 1
so d6 da dang (Hinh 2.9).
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Hinh 2.9. B thi biéu dién hd so da dang loai cay gd cua Rényi dbi voi
sau QXTYV khac nhau.
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Chuong 3
PHAN TiCH CAU TRUC RUNG

3.1. Khai niém veé cau truc rirng

Céu tric rimg biéu thi céc thanh phan cua rimg va sy t6 chirc sdp xép cua cac
thanh phan theo khong gian (duang, nam ngang) va thoi gian (tum ring). CAu tric
ring biéu hién ¢ hai khia canh. Mot 1a phan bé cua céc thanh phan cua rung theo
khong gian (chiéu ngang, chiéu dung) va thoi gian (ndm). Dac tinh nay co thé bao
gom ba so do sau day: (a) S loai cay gd (S); (b) Su da dang vé kich thudc cia cay
g0 (D, H, DT...); (¢) Blen ~dong cua cac thanh phan (S, N, G, M) theo khong gian.
Hai la tinh phic tap vé cdu triic rimg. Piac tinh nay phan anh sy da dang cia céac
thanh phan (N, S, D, H, G, M) cta rimg (Nguyén Vin Thém, 2002).

Xac dinh cau tric ring 1a mot van dé quan trong dé danh gia tinh da dang vé
moi truong, da dang loai va da dang kich thudc ciy gd va quan thu. Tinh khong
ddng nhat cua cau trdc ring theo chidu dang va chiéu ngang c6 quan hé véi da dang
loai va tinh khong on dinh ctia méi trudng. Nhirng hoat dong 1am sinh c6 thé l1am
thay doi cau trdc ring. Vi thé, nghién ctru cau trac ring khong chi gop phan cung
cap céc thong tin vé rimg, ma con 1a cong cu hitu ich cho viéc xay dung nhiing giai
phap quan ly, bao vé va khai thac nhitng loi ich cua ring.

Céu trac rimg dugc phan chia thanh cdu trac sinh thai va cdu trac hinh thai.
Céu tric sinh thai phan 4nh mdi quan hé giita cac thanh phan cia rimg (N, S, D, H,
G, M) v6i cac diéu kién moi trudng sdng (khi hau, dia hinh, dat, sinh vat, hoat dong
1am sinh). Céu trac hinh thai phan anh bién dong cta cac thanh phén cua rung (N,
S, D, H, G, M) theo khong gian va thoi gian ma khong xet den diéu kién mai truong
song. CAu trlic rimg co thé duge mo ta bang phuong phap trac d6 rimg va nhu’ng mo
hinh toan. Phuong phap m6 ta cdu tric rimg bang cac tric d6 ¢ mot s6 wu diém.
Mot 1a tric dd rimg gitp cho nha 14m hoc nhan thay rd vi tri cta cac loai cay (g,
bui, ¢6) trong tan rimg tir thap dén cao. Thong tin nay giip ich cho viée bb tri vi tri
cua cac loai cay theo chiéu dung trong trong rimg hon giao va nudi dudng rimg. Hai
1a céc tric do ring dugc mo ta theo thdi gian gitp cho nha 14m hoc xac dinh dong
thai bién d6i cua ring theo thoi gian va anh huong cia cac phuong thic 1am sinh.
Ba 1a cic trac do ring duoc md ta theo cac QXTV rung khac nhau 1a cong cu tét
cho phan loai cac QXTV va phén loai rirng. Bén 14 céc tric d6 ring ciing 13 cong cu
t6t & phan tich anh huéng cua tan rung dén doi sdng cua nhitng cdy tang dudi (cay
bui, cdy than thao) va thuc vét ngoai tang (cy than leo, cdy phu sinh). Phuong phap
trac d6 ring c6 mot sé nhugc diém co ban. Mot la trac d6 rung mo ta khong chinh
xac kich thudc (than, canh, la) cua cac loai cay ¢d. Han ché nay 1a do han ché vé
kich thudc trang gidy v& va cong cu vé trac do ring (But). Hai 1a phuong phap nay
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khéng cho phép dinh luong cac dic trung théng ké ddi véi cac thanh phéan ring. Ba
1a cac tric d6 rung chi dugc vé “Tuy hung”. Nhugce diém nay xay ra 1a do d6 chinh
Xé4c cta cac trac do phu thudc vao nang lyc, cam himg va trang thai sirc khoe cua
nha 1am hoc. Mic du c6 mot sd thiéu sot, nhung phuong phap tric dd rimg van
duogc cac nha 1am hoc st dung trong nhitng trudng hop sau day: (a) Mo ta cac dac
tinh cta rimg; (b) So sanh va danh gia bién dong cua rung tiy theo méi trudong va
nhirng hoat dong lam sinh; (c) Phan loai tham thyc vét rimg thanh nhimg don vi
khac nhau (kiéu rimg, kiéu QXTV...).

Dé dinh lugng cac thanh phan cia rimg, cac nha 1am hoc st dung cac mé
hinh toan dé xac dinh cau trac ring theo chiéu nam ngang va theo chiéu thing
dung. Theo chidu nim ngang, 14m hoc phan tich phan bd sb cay (N) theo cip D
(N/D), phan bd N theo cép G (N/G), phan bd N theo cdp V (N/V), phan bd cy trén
mit dat. Theo chiéu thang ding, 14m hoc phan tich phan b cua cac loai cay 9o (S,
loai) theo cdp H (S/H) va phan bd N/H. Phuong phap mé ta ciu tric ring bang céac
mo hinh toan c6 mot s6 wu diém. Mot 1a nd cho phép nha 1am hoc udc lugng va du
doédn dong thai bién dbi cua rung theo thoi gian. Chang han: (a) Sy bién doi N, G va
M theo tudi rimg (A, nim); (b) Su bién doi N cy tai sinh theo tudi, cip kich thude
va theo dién tich. Hai 1a né gitip cho nha 1am hoc xac dinh rd nhiing chi tiéu k§
thuat trong chit nudi dudng riung (cudng do tia thua va san luong gb thu hoach
trung gian...) va khai thac rung (cuong do khai thac, chu ky khai thac, san luong gd
thu hoach chinh...). Ba 1a n6 gitip cho nha 14m hoc phan chia chi sé 1ap dia ring (SD)
va danh gia chét luong 1ap dia rimg. Bén 1a né giup cho nha 1am hoc xay dung biéu
qua trinh sinh trudng va biéu san lugng rimg.

3.2. Phan tich céu triic rirng bang phwong phap tric do rimg

Richards va Davis (1933 — 1934; Dan theo Richards, 1965) dé xuat ciu trac
hinh théi cta rimg c6 thé mo ta bang céc trac rimg. Pé mo ta cau trac ring hdn loai
tu nhién bang phuong phép tric d6, Thai Vian Tring (1978; 1998) dé nghi st dung
dai rimg c6 bé dai 50 — 60 m va bé rong 10 m. Dai rimg nay dugc bé tri dién hinh
trong 6 mau, thuong & khoang giita 6 mau. Thong tin thu thap trong dai vé trac do
rimg 1a loai cdy gd va kich thude cua chung (D, cm; H, m; chiéu cao duéi canh =
Hpc, m; duong kinh tdn = D1, m & vi tri rng nhét; chiéu dai tan 14 = Lt). Vi tri cay
g0 theo chiéu nam ngang trong dai vé& tric d6 dugc xac dinh bang hé toa d6 Pé-Cac;
trong d6 gbc toa do dugc chon & goc duoi bén trai cua dai ve. Trac d6 rung dugc ve
trén gidy ké li. Chleu dtng cua trang gidy biéu dién chiéu cao than ciy gd tir § m tro
Ién (Quy udc quéc té) theo ty 18 1/200 (1 cm = 200 cm). Chiéu ngang cua trang glay
bleu dién dudng kinh than 1 ngang nguc theo ty 1¢ 1/100 (1 cm =100 cm). Hinh chiéu
nam ngang cla tan cay gd duoc bd tri & dudi dai vé trac d6 ding theo ty 1& 1/200.
Cay bui va cay gb non c¢6 H < 8 m dugc vé riéng theo ty 1& 1/50 (1 cm = 50 cm).

Dua theo hinh théi va sy phan bd cua cac loai cay gd theo cac tang (16p) tan
khac nhau, Thai Van Trung (1998) da phan chia cdu trac ding cta ring tu nhién
hdn loai nhiét d6i thanh 5 tang: (1) Tang vuot tan (A,); (2) Tang uu thé sinh théi
(Ay); (3) Tang dudi tan (As); (4) Tang cay bui (B); (5) Tang co6 quyét (C). Tang
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vuot tan hay tang trén tan rung 1a 16p nam ngang cua nhimg cay g6 vu thé va dong
vu thé trong quan thy. Nhiing cay go ¢ tang vuot tan tiép nhan ‘anh sang hoan toan 6
moi phia. Tang wu thé sinh thai la tang tap trung ‘nhing cay gd co kich thudc trung
binh. Tang duoi tan rung bao gom nhing cay go phan bd ¢ dudi tang wu thé sinh
thai. TAng cAy bui va tang co quyet nam dudi tan rung duoc goi chung la cay tang
thap. Nhitng loai cay phan bd & 5 tAng tan rimg tiép nhan anh sang v6i cudng d6 va
chat lwong khac nhau. Noi chung, hinh thai va sy phan bd cia cac loai cdy g theo
cac tang thay doi tuy theo diéu kién méi trudng va kiéu ring.

3.3. Phan tich ciu triic rirng bang cic mé hinh toan
3.3.1. Phén tich phén bd s ciy theo cip tudi va cip kich thuée

Dbi véi ring trong thuén loai dong tudi, dd thi mo ta su suy giam mat do
quan thu (N, cay/ha) theo tudi (A, nam) thuong c6 dang dudng cong SlngId Vi
thé, phan bo N/A thuong duge mo ta t6t bang ham sé mi giam (Ham 3.1). O ham
3.1, tham sé6 m bleu thi mat do trong rung ban dau hodc s6 cay & Cap A bat dau
nghién cttu; tham 59 b biéu thi ty & hay tbc do suy giam so cay sau ,mol cap A; tham
sO Kk 1a so cay ¢ cap A cao nhat dugc nghién ctru. Mo ta phin bo N/A theo Ham
3.1b c6 wu diém la duong cong khong cat truc hoanh khi rirng da dat dén tudi cao.
N = m*exp(-b*A) (3.1a)
N = m*exp(-b*A) + k (3.1b)
~ Phéan b N/D va phan b N/H ciia rimg trong thuan loai dong tui ¢6 the mo
ta bang cadc ham phén bo chuan, Lognormal, Gamma, Weibull, Richards va khoang

cach. Ham mat do xac sut cua phan b ghuén c0 dang nhu ham 3.2; trong d6 p va
o tuong ung la trung binh va d¢ 1&€ch chuan cua bien X (X = D, H).

100 = = expl- 5 o) 32)

Ham mat d6 xé4c suat cia phan b Lognormal ¢6 dang nhu ham 3.3; trong d6
1 va o twong tng la trung binh va d6 Iéch cuan cua bien X (X =D, H).

f(x)—x\/—e [iﬂ;ﬂ] (3.3)

Ham mat d¢ xAc sut cua phan bo Gamma c¢6 dang nhu ham 3.4; trong d6
tham SO a dac trung cho hinh dang hay d¢ léch cua duong cong ham mat d6. Tham
sO B phan anh murc d6 co dan cua duong cong ham mat do.

X/B)* texp(-X/

i = KB eXPEX)

BI'(a)

Ham mat do xac suat caa phan bs Weibull 3 tham s6 ¢6 dang nhu ham 3.5;
trong d6 a = tham s6 vi tri, b = tham s6 ty I¢, ¢ = tham so hinh dang, X =D va H, a
< X <oo,thamso b, c > 0.

f(a,b,c) = (c/b)*((X — a)/b)*c-1*exp(-(X — a)/b)*c) =0 (3.5a)

(3.4)
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Ham phan bd xac suit tich liy cua phan bd Weibull 3 tham sé c6 dang ham
3.5b. Buong cong cua ham (3.5b) ¢6 dang duong cong Sigmoid.

Y = 1-exp(-((X - a)/b))"c (3.5b)
biém uon trén truc hoanh: X = b*(1 -1/c)*1/(c + a).

Diém udn trén truc tung: y = 1 — exp(1/(c — 1)).
X=D(cm);a< X <o,

Ham phan b Weibull 3 tham sé chi co nghia khi (X —a)/b > 0. Piéu d6
xay ra khi b >0 va X > a. Do do6 gia tri cua tham so a < cap Dwin- Néu X < a, thi
ham Weibull 13 v6 nghia. Trong thuc té, tham sb b nhan gia tri gan bang trung vi
(Me); tham sé ¢ chi d6 léch (Sk) cua phan bd N/D. Khi ¢ = 3,6 thi phan b N/D tiém
can phan b chuan (S, = 3,0). Khi tham s6 ¢ tién dén 1, thi phan b N/D chuyén
thanh phan b Iéch v6i Mo dich chuyén vé bén trai so véi gid tri trung binh (Dg,) va
dudi dai 1éch vé bén phai (Sy < 0) (Hinh 3.1a). Trai lai, khi tham sb ¢ > 3,6, thi phan
bd N/D chuyén thanh phan bé léch vai Mo dich chuyén vé bén phai so vai gia tri
trung binh va dudi dai léch vé bén trai (S, > 0) (Hinh 3.1b). Khi ¢ nhan gia tri rat
I6n hoac rat nho thi phuong sai s& giam.

S6 cay (N, cay)

Duobi dai

> Cép D (cm)

Hinh 3.1. Phan b6 N/D cua rirng trong thuan loai dong tudi.

Ham mat do x&c suat va ham xac suét tich lily cua phan bé Weibull 2 tham
s6 twong ung c6 dang ham (3.6a) va ham (3.6b); trong d6 b = tham sb ty I¢, ¢ =
tham s6 hinh dang, b < 0 va ¢ > 0, X = gi4 tri giira cua cac cap D. Pudng cong cia
ham (3.6b) cé dang dwong cong Sigmoid.

fix) = (c/b)(X/b)™(c-1)exp(-(X/b)"c) (3.6a)

Fox = 1 —exp(-bX"c) (3.6b)

biém uon trén truc hoanh: X = b*(1 -1/c)*1/(c + a).

Diém udn trén truc tung: Y = 1 - exp(1/c — 1).
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Ham mat do xac suat cia ham phan b Richards c6 dang ham (3.7a). Ham
phan bo xac suat tich 1ty (Fx) c6 dang nhu ham 3.7b; trong d6 q = tham s0 vi tri, p
= tham s6 ty I¢ va r = tham so6 hinh dang (p, g > 0; r <0).

f(x) = (-r/p)exp(-(X - q)/p)(1 + exp(-(X - q)/p))*(r - 1) (3.7a)
Foo =1+ exp(-(x — q)/p))"-r (3.7b)
Diém udn trén truc hoanh: X = pIn(-r) + q.

Diém udn trén truc tung: Y = ((r - 1)/r)"r.

Ham phén bd khoang cach c6 dang nhu ham 3.8; trong d6 a va b 1a tham s
cua phan bo khoang cach, X=0, 1, 2,..., k.

P(x)=avoix=0
P(X)=(1-a)(1-b)*b(X-1)voi X>1 (3.8)

Ngay nay cac tham s6 ciia ham phan bo chuan, Lognormal, Gamma va
Weibull ¢6 thé dugc xac dinh dé dang bang nhitng phan mém thong ké thong dung
(MINITAB; STATGRAPHICS; SPSS).

Céc tham sb ctia ham 3.1 va ba ham (Weibull, Richards, khoang cach)
dugc xac dinh dé dang bang phuong phap hoi quy phi tuyén tinh cua Marquatdt. Sai
léch cua nhitng ham nay so vai sb lieu thuc nghiém duoc danh gia bang hé sé xéac
dinh (r’) (Cong thurc 3.9); sai léch chuan cua uéc lugng (SEE) (Cong thuc 3.10); sai
$6 tuyét d6i trung binh (MAE) (Cong thirc 3.11); sai s6 tuyét ddi trung binh theo
phan trim (MAPE) (Cong thuc 3.12) va tong sai Iéch binh phuong (SSE) (Cong
thirc 3.13). O cong thiee 3.9 — 3. 13, Nty la sb cay thuc té trong mdi cap D va cap H,
NBq Ia sb cay b|nh quan trong m0| cap D va cap H, NuL la s6 cdy udce lugng trong
mdi cap D va cap H, n 1a s6 cap D va cap H, p la s6 tham s6 trong mo hinh. M6
hinh phan b N/D va phan b N/H thich hop duoc chon theo tiéu chuan SSEin.

» . 2N - Ny’ -
= [1- >(Nry - Noo)? ]*100 (3.9)
SEE = \VY(Nn — Nuo)/(n —p) (3.10)
MAE = | (N~ Nuu)/m)) | (3.11)
MAPE = %TNNO (3.12)
SSE = ¥ (Nmy — Nuu)? (3.13)

Dbi v6i rimg tu nhién hon loai, su suy giam mat do quan thy theo cip D
dugc mo ta tot bang ham so mll giam (Ham 3.1) va ham phan bo Beta (Ham 3.14).

f(x) = [(D - )"*(b— D)*"1/B(p, g)(b—a)""** (3.14)
véia<D<b;p,q>0.

D6i voi ham phan bo Beta (3.14), tham s6 p va q la tham s6 hinh dang 1 va
2; tham sb a va b twong Gng 1a Dwin va Dy (b — a) 1a pham vi bién dong D; B(p, Q)
la ham phan b Beta. Hai tham sb p va q duoc xac dinh twong tng theo cdng thic
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3.15 va 3.16; trong d6 D™ va S™ dugc x4c dinh twong tng theo cong thic 3.17 va
3.18, SEE 1a sai s0 chuan cua D.

p=D((D'(1-D)/S?-1) (3.15)
q 1-D((1-D)/S?-1) (3.16)

= (Dyg - )/(b — 2) (3.17)
32 = SEE%/(b — a)? (3.18)

Sai léch ciia ham 3.14 so véi phan bd thuc nghiém ciing duoc danh gia theo
R?, SEE, MAE, MAPE, SSE. M0 hinh phan bo N/D thich hop dugc xéac dinh theo
tiéu chuan SSE;p.

Phan bd N/H cia rung ty nhién hdn giao khac tudi chua bi roi loan do khai
thac, chay va gi6 béo ciing ton tai 0 dang duong cong 1 dinh gan d6i xtmg. Dang
phan bd nay ciing duoc mé ta tét bang ham phan bd chuan, Lognormal, Gamma,
Weibull, Richards va phan b4 khoang cach.

3.3.2. Phan bé ciia cac loai cAy gb trén mit dat
3.3.2.1. Y nghia phén tich phan bé ciia cdc lodi cdy g6 trén mdt dit

Céc loai cay g phan bo trén miat dat c6 thé 1a dong déu, khong dong déu va
ngau nhién. O day co hai cau hoi can duogc dit ra. Mot 1a bang cach nao co thé xac
dinh dic diém phan bd cua cac loai cay gd trén mit dat? Cau hoi nay duoc tra 1o
thong qua quan sat hoic mg dung cac md hinh toan dé phéan tich phan b cay gb
trén mit dat. Hai 1a phan bd cua cac loai cAy g trén mat dat chiu anh hudng boi
nhitng nguyén nhan nao? Sy phan b cua cac loai cay gd trén mat dat 1a do nhiéu
nguyén nhan khac nhau. Mot 1a sy hinh thanh tirng cum cdy ¢ mot noi nao d6 cé
lién quan dén dic tinh sinh hoc ciia lodi. Chang han: (a) Mot s6 loai sinh san vo tinh
bang chdi gbc; (b) Mot s6 loai ¢ hat gidng ning va phat tan theo trong luc trong
pham vi khdng gian nhét dinh quanh goc cdy me. Hai la tinh khong thuan nhat cua
moi truong trong QXTV. Chang han: (a) Pia hinh khong bang phang, (b) Do che
phu cua Cay bui khéng ddng déu; (c) Dbong vat str dung hat cay go la nguon thure an.
Ba 1a sy két nhom sinh thai giira cac loai cay gd.

Noéi chung, xac dinh & nhitng nguyén nhan 1am phéat sinh cac kiéu phan b
cua cac loai cay gd trong QXTV cho phép nha 1am hoc hiéu rd dac tinh sinh théi cua
cac loai cay g, dic diém tai sinh rung, dién thé rimg, diéu kién méi truong cua
QXTV va mdi quan hé qua lai giira cac loai cay gb...Tir d6 nha 1am hoc c6 thé xay
dung nhitng bién phap xu ly ring.

3.3.2.2. Cdc kiéu phan bé ciia cdc lodi cdy gé trén mdt dit

Cac loai cay gd co thé phan bd trén mat dat theo ba kiéu: diéu hoa; ngﬁu
nhién; cum. Phan bo diéu hoa biéu hién ¢ chd mat do cua loai cay g0 bién dong rat
nho trén nhiing 0 mau c6 kich thuéc bang nhau. N6i cach khac, s6 luong ca thé cua
loai c6 xac suat bang nhau trén mot khoang cach hay dién tich bang nhau (Hinh
3.2a). Kiéu phan b nay khong xuat hién & rimg tu nhién ma chi c6 trong nhitng hé
sinh thai rirng do con nguoi tao ra.
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Hinh 3.2. Nhiing kiéu phan bé cuia cac loai cay g6 trén mat dat.
(a) Phan bo diéu hoa; (b) Phan b ngau nhién; (c) Phan bo cum.

Phan bd ngau nhién xuit hién khi diéu kién méi treong trong QXTV 1a dong
nhat (Hinh 3.2b). Trén quan diém thong ke, tinh déng nhét cua mdi trudng biéu hién
ro trong nhimg truong hop sau day: (1) MJi ca thé cua loai cay gb quan tam co xac
suat bat gap nhu nhau tai bat Ky vi tri ndo trong QXTV; (2) Xac suat bat gap mot
loai cay gb quan tdm & mot noi nao d6 khdng phu thudc vao nhiing ca thé cung loai
hodc khac l0ai. Theo quan diém nay, phan bd ngiu nhién ciing dwoc hiéu 1a phan b
déu. Kiéu phan bd nay ciing rat it gap trong cac hé sinh thai rimg ty nhién.

Phan bb cum con goi 1a phan b theo dam. Kiéu phan b nay biéu hién & chd
nhitng cé thé cua cung mot loai cay gb hinh thanh nhiing cum ¢ mot s khu vuc nao
d6 trong QXTV, nhung lai vang mat & nhiing noi khac (Hinh 3.2¢). Day la kiéu
phan bé thudng gap trong cac hé sinh théi rimg ty nhién. Kiéu phan bé cum co lién
quan dén tinh khong thuan nhat caa moi trudong va dac tinh sinh hoc - sinh théi cua
cac loai cay gd. Pay 1a kiéu phan bd thu hat sy chd ¥ 16n nhit cia cac nha sinh thai
hoc va 1am hoc. Bai vi thong qua viéc 1am rd nguyén nhan hinh thanh kiéu phan bd
cum, nha 1am hoc c6 thé hiéu rd dic tinh sinh thai cua céac lodi cay gd. Tir d6 nha
1am hoc cd thé xay dung nhiing bién phéap xu ly ring.

3.3.2.3. Phwong phdp phan tich phan bé ciia cdc lodi cdy go trén mdt dit

Tuy theo muc tiéu nghién ctru, nha 1am hoc ¢6 thé sir dung nhitng phuong
phap khac nhau dé xac dinh phan b cua cac loai ciy gd trén mit dat. Phuong phap
don gian nhat 1a quan sat bang mat. Tuy vy, két qua ciia phuong phap nay phu
thudc vao chi quan ctia nha lam hoc. Mgt phuong phéap khac 1a rng dung nhitng mé
hinh phan bd xéac suat. Phuong phap nay nhan duoc két qua khach quan véi do tin
cay cao. Tuy vay, phuong phap nay doi hoi nhiéu thoi gian, nhan lyc va kinh phi.
Duéi day gioi thiéu mot s6 phuong phap co thé duoc ing dung trong phan tich phan
bd cay gd trén mat dat.

(1) Xdc dinh phdn bé cdy trén mat ddt theo md hinh phan bo nh; thizc. Phan
bé nhi thirc 6 dang nhu ham 3.19; trong d6 P la xac suit bat gip k 6 miu (k = 0,
1, 2...n) xuét hién loai cay quan tam (Cong thirc 3.20), con q la xac suat khong bat
gap loai cdy quantam (g =1 - p).

(p+0) (3.19)
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Nk oo n!
Pe = C(n, K)p“g™ i C(n, k) = Ki(n - k) (3.20)

bpé dé dang bd tri 6 mAu va tinh toan, nguoi ta thuong chon n = 4 hoac 6 6
mau. Khi n = 4 6 mau, thi xac suat bt gip 0, 1, 2, 3 va 4 6 mau cd loai cay quan
tam 1a Py = q*; P, = 4pg®; P, = 6p°q?; P3 = 4p°q va P, = p*. Nhitng budc tinh toan
tiép theo bao gdm xac dinh tan sé xuat hién 0, 1, 2, 3, 4 6 mau c6 loai cay quan tam
va kiém dinh gia thuyét vé dang phan b bang tiéu chuan 2 .

Trong thuc hanh, khi tng dung phan bd nhj thirc dé phan tich phin bd cua
cac loai cay gd trén mat dat, cac 6 mau co6 thé duoc b tri theo mot sé phuong phap
dudi day.

Phuong phap 1. Gia thiét nghién ctru phan bd cay tai sinh ctia mot loai cy g
nao d6 trén mit dat. Truéc hét, phan chia dbi tuong nghién cau (QXTV) thanh
nhitng tuyén song song cach déu. Mdi tuyén cé bé rong tir 2 - 4 m tiy theo loai cay
gd va tudi hay kich thude cua ching. Ké dén phan chia cac tuyén thanh N phan
doan; trong d6 chiéu dai cia mdi phan doan ciing bang 2 - 4 m. Cach bb tri cac phan
doan nhu vy tao thanh nhitng 6 mau c6 dang hinh vuéng (Hinh 3.3).

Mot diém do 1
dém cay tai sinh
bao gom 4 6<T—t
dang ban. 34|01 212|212|0]2m

L1
[ ]
LI

]
LI
[
LI

117110} 0|1]O0 1

Hinh 3.3. So d0 bo tri hg thong 6 mau dé phan tich phan b cdy tai sinh
trén mat dat. Ky hiéu: 1 = bat gap cay tai sinh, 0 = khéng bat gap cay tai
sinh.

Hinh dang 6 mau c6 thé 13 hinh vudng, hinh chit nhat hoac hinh tron, con
kich thudc 6 mau 1a tiy y. Mic du vay, dé don gian trong tinh toan, s6 lugng 6 mau
tai 1 diém quan sat chi nén dao dong tir 4 — 6. Pé nhan dugc két qua chinh xac va
khach quan, s6 phan doan can bd tri phai du 16n, thong thudng tir 100 — 500 phan
doan. Tiép theo phan chia mdi phan doan hay mdi 6 mau thanh n & dang ban. Néu
str dung 6 mau 2*2 m (4 m?) va phan chia thanh 4 6 dang ban, thi kich thuéc mdi 6
dang ban 1a 1 m% Théng tin thu thap trong mdi 6 dang ban 1a d6 bat gip cay tai sinh
(bit gip = 1; khdng bt gip = 0).

Phuong phap 2. Trong d6i tugng nghién ctu, b tri cac 6 rr}?lu theo phuong
phéap chon mau ngau nhién hoic theo phuwong phap chon mau hé thong. Gia thiét bo
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tri 200 diém dé nghién ctru phan b cay tai sinh ctia mot loai cay gb nao d6. Tai mdi
diém, kich thudc 6 miu 1a 2*3 m (6 m?). Mdi 6 mau dugc phan chia thanh 6 6 dang
ban; mdi 6 dang ban 1 m% Céc 6 dang ban ciing c6 thé duoc bd tri lién nhau theo
dang ban co hoic theo 1 day lién tuc. Théng tin thu thap trong méi 6 dang ban 1a do
bét gip (1, 0) cay tai sinh.

Tir hai cach b6 tri 6 mau trén day, ching ta c6 thé xac dinh duoc ty 18 s6 6
dang ban bt gip loai cay quan tam (p) va ty I¢ s0 0 dang ban khong bét gip loai cay
quan tam (q = 1 - p). Goi p, la xac Suit ma cac phan doan cua tuyén chira k 6 dang
ban bat gap loai cay quan tam. Theo nhi thirc Niuton, ching ta ¢6 P(k =0, 1...n) =
ckpg" K. Tan sé Iy thuyét cua nhitng cum 6 xuét hién k 0 dang ban bat gip loai
cay quan tam la N*P(k) Su phu h0‘p ctiia phan bd nhi thac so véi sd heu thuc té
duoc kiém dinh bang tiéu chuén y? (Cong thirc 3.21); trong d6 Fry = tan s6 cay thuc
nghiém; Fy_ = tan sb cay u6c luong.

n
2
2 _ Z% (3.21)
=1

Kiém dinh 2 chi cho két qua chinh xéc khi tan sb cua cac cap (to, nhom) Ién
hon hoac béng 5. Gia thuyét H° Phan bé cua loai cay quan tam tren mat dat 12 ngiu
nhién. Quy tac quyet dinh: Néu X < 52 os (hodc P > o = 0,05) vai s6 bac tr do laf=
m - 2 (m = s cap sau khi gop dé tan sé cua cac cap l6n hon hoic bang 5), thi phan
bd ciia loai cay quan tm trén mat dit phu hop vai phan bd nhi thire. Nguoc lai, y2 >
%05 (hodc P < o = 0,05), thi gia thuyét bi bac bo.

Bang 3.1 dan vi dy phan tich phan bé cua loai Potentilla acaulis trén mot
tuyén bao gdbm 500 6 dang ban lién nhau. Kich thuéc mdi 6 dang ban 12 1m?. Tuyén
dugc phan chia thanh 100 phan doan véi mdi phan doan 5 & dang ban. Theo s liéu
cua Bang 3.1, p = 0,362; q = 0,638; n = 5; N = 100. B¢ tim xac suat cia nhiing diém
bat gap 0, 1, 2, 3, 4 va 5 & dang ban bat gip loai cAy nay, chling ta phai khai trién
nhi thirc: (0,362 + 0,638)°. Gia thuyét H®: Phan bd cua loai Potentilla acaulis trén
mat dét 12 ngdu nhién. Két qua tinh toan & Bang 3.1 cho thiy y% = 41,5 > y%s =
16,3. Tir d6 6 thé nhan dinh ring phan b trén mit dat cua loai Potentilla acaulis
khong tuan theo luat phan bé ngau nhién ma tuan theo luat phan bé cym. Piéu do
duogc giai thich 1a do tan s6 wdc lwong nhitng phan doan c6 1, 2, 3 6 dang ban bt
gap loi cay nay I6n hon rat nhiéu so vai tan so thyc nghiém. Luu y rang nhiing
phan tich thdng ké trén day don thuan chi 1 toan hoc. V& mit 1am hoc, chung ta co
gang tim 1oi giai thich vi sao loai cay nay phan bé thanh tirng cum trén mat dat? Mat
khac, khi bao cdo két qua, chung ta chi viét “Két qua phan tich théng ké cho thiy
loai Potentilla acaulis phan b thanh tirng dam trén mat dat (x? = 41,5 > x5 = 16,3
hodc P < 0,05)”.
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Bang 3.1. Phan b cua Potentilla acaulis trén 100 phan doan, mdi phan doan 5 &
dang ban va so sanh véi phan b nhi thire. Ngudn: Vasilevich, 1969.
S6 6 bat gap P. acaulis 0 1 2 3 4 5
Séphandoancuatuyén 23 26 22 12 10 7
Tan sé woc luong 10,6 299 340 19,3 55 06
v 145 051 424 2,75 195
100 16,3

, (2) Xdc dinh phan b6 cdy trén mat dat theo md hinh phan bo Poisson. Phan
bé~ Possion,cc') dang nhu ham 3.22; trong d6 e = 2,7182, m = s cay trung binh trén 6
mau, k = s6 cay bat gap trong mgt 6 mau.

e m

P(k) = (3.22)
e-mmZ
Khi k = 5, thi P(k = 0) = exp(-m); P(k = 1) = m*exp(-m); P(k = 2) = 5
-m .3 -m .4 -m .5
P(k=3)="—5"; P(k=4)= "5, P(k=5)= 150"

Gia thiét nghién cau phan bd trén mat dat dbi voi mot loai cay gd nao do
béng cach ap dung mé hinh phan bd Possion. Trong thyc hanh, ching ta b6 tri N 6
mau. Pé nhan duogc két qua chinh xac va khach quan, s6 lugng 6 mau phai du 16n,
thuong tir 100 — 500. Cac 6 mau c6 thé bd tri lién tuc trén cac tuyen song song cach
déu hodc theo dang ban co. Kich thude cua cac 6 mau phai théng nhat va thay d01
tuy theo loai cay, tudi hay kich thudc than cay. Kich thudc cia cac 6 mau ciing can
gi61 han dé dé tinh toan. Pdi voi cay tai sinh ¢6 H < 50 cm, do méat dg cao, nén kich
thudc cla cac 6 mau thuong chi dao dong tir 1 — 4 mZ2. Déi voi cay tai sinh c6 H >
100 cm, do mat do thép, nén kich thudc cua cac 6 mau thuong dao dong tir 4 — 10
m?. Déi voi cdy gd trudng thanh, do mat do thip, nén kich thuéc cua cac 6 miu
thuong dao dong tir 10 — 50 mZ.

Théng tin thu thap trong mdi 6 mau 1a s6 luong céa thé cua loai cay quan tam.
MJi 6 mau c6 thé bat gap 0, 1, 2...k ca thé cua loai cay quan tam. Tir tai lidu nay,
ching c6 thé phan tich dic diém phan b cua loai cay quan tam trén mat dat bang
cach ap dung mo hinh phan b Poisson. Bé kiém dinh su phi hop caa phan b
Poisson véi phan b s6 cay trén miat dat, chdng ta thuc hién cac bude sau day: (1)
Xac dinh tan s6 bat gap 0, 1, 2...k cdy trén 6 mau; (2) Kiém dinh su phu hop cua
phan b Poisson véi sb liéu thuc nghiém theo tiéu chuén y? véi sé bac tu do bang sé
cap sau khi gop (diéu kién I tan sb ciia mdi cap phai I6n hon 5) trir 2.

Bang 3.2 ghi lai phan bd trén mat dat doi véi cay tai sinh Dau con rai
(Dipterocrapus alatus) & cap H < 50 cm. Sb liéu nghién ctru bao gébm 400 6 dang
ban. Kich thudc 6 dang ban 1a 1 m®. Két qua tinh toan tir cong thirc 3.22 cho thiy m
=0,98; N = 400 6 mau va y*rr = 4,9. Vi x* = 4,9 < x%05 = 5,9, nén phan bé trén mat
dat ddi voi cay tai sinh Dau con rai tuan theo phan b Poisson. Noi khac di, cay tai
sinh Dau con rai phan bd ngau nhién trén mat dat. Hién tuong nay xdy ra dugc giai
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thich 1a do: (a) Mét do quan thé cao va ra nhiéu qua; (b) Qua phat tan vira theo trong
luc vira theo gid; (c) Cay bui va tham cé phat trién rat kém trén mat dat rung.

Bang 3.2. Kiém dinh phan bd cay tai sinh Dau con rai trén mit dat theo mo hinh
phan b Poisson.
Socay/dmau 0 1 2 3 4 Tong
Tan s6 6 mau thuc nghiém 158 140 62 32 8 400
Tan s6 6 mau woc lwong  150,1 1471 721 240 6,0 399
> 0,393 0,362 1642 1985 0,496 49

(3) Xdc dinh phan bo cay trén mar dat theo kiém dinh T. Kiém dinh T duoc
tinh theo cong thirc 3.23; trong d6 n; va n, tuong tng la s6 6 mau bét gap (1) va
khong bt gap (0) loai cay quan tam, K la s6 cum 6 mau lap lai lién tiép & dang bat
gap va khéng bat gap loai cay quan tdm. Khi biét T, ching ta so sanh T vai Tos O
muc ¥ nghia P = 0,05 hoac 0,01. Khi gidtri T<-2, T=0++2vaT > 2, thi phan
bd cua loai cAy quan tam trén mat dat tuong tng c6 dang phan bé cum, ngau nhién
va dong déu (Terenchiev, 1964; Dan theo Vasilevich, 1969).

2n1 Ny
) K- N+ N, +1
= T, (2n. Nz - Ny - ny) (3:23)
(N +n2)” (ny +1z - 1)

Tuyénl |1 [1]0|1|0]0]O0] 1

v o110 |0]0]|1 1

V 111,01 ]1]0]1 0

Hinh 3.4. So dd bé tri cac 6 mAu dé phan tich phén bd cay trén mat
dat. Ki hiéu: (1) va (0) tuong ung la 6 mau bat gap va khoéng bat gap
loai cay quan tam.

Trong thuc hanh, khi ap dung phuong phap nay, cac 6 mau dugc bé tri lién
tuc trén cac tuyen song song cach déu duéi tan rung. Bé rong cua tuyen tuy thuoc
vao loai cay gb. Pdi voi cdy tai sinh, thong thuong bé rong cua tuyén 1a 2 dén 4 m,
con chiéu dai cua tuyen dugc bd tri thy . Tlep theo, phan chia cac tuyén thanh
nhitng phan doan déu nhau véi chiéu dai mdi phan doan bang bé rong cua tuyén.

68



MGi phan doan 1a mot 6 mau (Hinh 3.4). Thang tin vé loai cy quan tam trong mbi 6
mau bao gom hai dau hiéu bat gap (1) va khong bat gap (0).

Bang 3.3 dn vi du xac dinh phan bo trén mat dat dbi véi cay tai sinh Dau
song nang (Dipterocarpus dyeri). Tong sb 4 tuyen diéu tra. Kich thudc mdi 6 mau
1a 1 m? (1*1 m). SO 6 mAu bd tri trén cac tuyén thay déi tir 80 - 160. Nhirng tinh
toan tir cong thirc 3.23 (Bang 3.3) cho thy, T < -2 nén cay tai sinh Dau song nang
phan bé trén mat dat theo kiéu phan bé cum.

Bang 3.3. Xac dinh phan bd cay tai sinh Dau song nang trén mat dat bang tiéu
chuan T. Ngudn: Nguyén Van Thém, 1992.

Chi tiéu thong ké

Thur ty tuyén thi nghiém:
1 2 3 4

1. Tong s 6 mau (N) 160 80 111 115
2. S6 6 méu bat gap loai (ny) 103 36 57 42
3. SO 6 miu khong bat gap loai (n,) 57 44 54 73
4. Tong sb 16 (K) 60 22 40 34
5. Kiémdinh T -25 +41 -314 -41
6. Gié tri Togs 258 266 2,63 263

(4) Xdc dinh phan bé cay trén mdt dat theo chi sé6 dong géc. Ba kiéu phan b
(dong déu, ngau nhién, cum) cua cay gé trén mat dat trong QXTV co thé dugc Xéc
dinh theo phuong phap chi s6 dong goc (Uniform Angle Index = U). Chi s6 U do
mitc d6 dong déu vé goc hop boi cdy co s i va J cay xung quanh. Chi s6 U (Cong
thic 3.24) la ty 18 giira cac goc (W3) nhé hon goc tidu chuan (Wo); trong d6 k 14 sb
cay xung quanh cdy co s0, W; la goc hop boi cay co so 1 va k cay xung quanh. Géc
tiéu Chuan hay goc co s W, = 360%(k + 1); trong d6 k la s6 cay xung quanh phan
bb gan nhét vai cdy co sé. Trong danh gia két qua nghién ciu, néu W, < W, thi W,
= 1. Tréi lai, néu W, > W, thi W, = 0. Dé dé dang phan tich két qua, nguoi ta
thuong chon J = 3 hodac 4.

W,
U; = Z‘%?k’— (3.24)

Pé danh gia phan b cay trén mat dat, chung ta bb tri N diém nghién ctu va
tinh gia tri U; trung binh. Khi J =3 va J = 4, thi kieu phan bo cua cay gd trén mit
dat dugc danh gia tuong ung theo Bang 3.4 va Bang 3.5.

(5) Xdc dinh phan bé ciia cay gé trén mat dat theo chi sé quan ty. Kiéu phan
bd cay gb trén mat dat (dong déu, ngau nhién, cum) cé thé duoc xac dinh bang chi
s6 quan tu. Theo Clark va Evans (1954; Dan theo Pommerening, A., 2002), chi sé
quan tu dugc xdc dinh theo cong thirc 3.25; trong d6 R = chi s6 quan tu, N = mat do
cta loadi cay gb quan tam trén 0 mau, Z = dién tich 6 miu, Rg, = khoang céch trung
binh tur cdy co 8o dén cay gan nhat, E(r) = khoang cach trung binh ky vong tur cay
co s& dén cay gan nhat d6i véi phan bd ngau nhién (Cong thic 3.26).
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Bang 3.4. Kiéu phan bd cua cay gd trén mat dat. Truong hop J = 3.

U; S6 cay c6 W, khac véi W, Kiéu phan b
&) _ 2 C)
0  0cay gan nhat vai W; < W,. Rat dong déu
0,33 1 cay gan nhat co W; < W, DPdng déu
0,67 2 cay gan nhat co W; < W,,. Ngau nhién
1,0 3 cay gan nhat co6 W; < W, Cum
Bang 3.5. Kiéu phan bd cua cay gd trén miat dat. Truong hop J = 4.
U; S6 cay c6 W; khéc véi W, Kiéu phan b
M) _ 2) C)
0  0caygan nhat vai W; < W, Rat dong déu
0,25 1 cay gan nhat co W, < W,. Pong déu
0,50 2 cay gan nhat cd W, < W,. Ngau nhién
>0,75 3 cAy gan nhat c6 W; < W, Cum
R = Rgy/E(r) (3.25)
1
E(r) = NIz (3.26)
Quy tac quyét dinh:

Néu R > 1, thi cay go phan b deu
Néu R = 1, thi cay go phan b4 ngau nhién.
Néu R < 1, thi cay gb phan bé cum.

(6) Xdc dinh phan bé ciia cay gé trén mat dat theo chi sé Whitford. Theo
Whitford (1948; Dan theo Dan theo Vasilevich, 1969), kiéu phan b cua mot loai
cay gb trén mat dat trong QXTV dugc xac dinh theo ty 1¢ gitta do phong phi (A) va
d6 bat gap (F) cia nd (Cong thic 3.27). Do phong phu cia loai ciy gb thir i (A))
trén 1 6 mau la ty 1¢ gira s6 ca thé ctia loai i (N;) va tong sd 6 mau bat gap loai i (T).
b6 thu:(mg gap cua loai cay gob thur i 1 (Fj) duoc Xxac dinh theo cong thirc 3.28; trong
d6 T = s6 6 mau bat gip loai i, T = tong sd 6 mau quan sat.

AlF; = - (N/T) (3.27)
Fi
T.
= *100 (3.28)
Quy tic quyét dinh:

Néu ty 18 A/F < 0,025, thi loai cdy gb phén | b déng déu
Néu ty 18 A/F =0,025 - 0,05, thi loai cay go phan bd ngiu nhién.
Néu ty 18 A/F > 0,05, thi loai cay gd phan b theo dam.

(7) Phan tich phan b6 cdy go trén mat dat theo mé hinh phan bo cum. Xéc
dinh nhitng mo hinh bleu dién nhimng dic tinh phan b cua cay gb trén mit dat theo
dang phan b4 cum 1a mbi quan tdm cua cac nha 1am hoc. Neyman va Thomas (1949;
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Dan theo Vasilevich, 1969) da xay dung nhitng mo hinh dé biéu dién phan bé cua
cay go trén mat dat theo dang phan bo cum.

Ham méat do xac suit cua phan bd Neyman c6 dang nhu ham 3.29; trong d6 k
1a s6 cay bat gap trong 6 mau, m, = gia tri binh quan ciia c4c cum cay trong mot 6
mau, m, = sb cay binh quan trong 1 cum. Gié tri m, va m; duoc tinh theo cong thuc
3.30 va 3.31; trong d6 Xgq V& S* twong (ing 1a s6 cdy binh quan va phuong sai ddi
vé6i s6 cay trong 6 mau.

t=k
-m t

P(X = k+ 1) = THTE2 Y T p(X=k-1) (3.29)

2 t=0
m, = g%g (3.30)

Bq
_Xg

m, = {2 (3.31)

Ham mat do X4c suat cia phan bé Thomas c6 dang nhu ham 3.32; trong d6 k
la so cay bat gap trong 6 mau, m= so cum cay trong 6 mau.

k
r,-m k-r -Ar
P(k) = Z(m er!((&)r)!e ) (3.32)
r=1

Gia tri binh quan (u;) cua phan bé Thomas dugc tinh theo cong thic 3.33;
trong d6 m 1a s6 cum cay trong 6 mau, con 1 + A 1 sb cay binh quan/cum. Phuong
sai (j12) ctia phan bé Thomas duoc xac dinh theo cong thirc 3.34. Hai tham sé m va
A duoc xac dinh tuong ung theo cdng thac 3.35 va 3.36; trong d6 ng va n, tuong
g 1a s6 6 mau khong c6 cay va s6 & mau chi bat gap 1 cay, N la tong sé6 6 mau
duoc diéu tra.

= m*(1+2) (3.33)
= m*(1 + 30+ A9 (3.34)
m=-Ln(Y) (3.35)
%= - Ln(mr,llno) (3.36)

Khi Gmg dung hai phan bd Neyman va Thomass dé mé ta phan b cay trén
mat dat, trude hét xac dinh xac Suat Pk)- Pbi v6i phan bd Neyman (Ham 3.29), x4c
suat Py dugc khai trién nhu sau:

Pix=0) = exp (- my(L - & ™%); Pix=1) = My my exp(- my )* Py;

_my my exp (- m?)

Pix=2)= 5 *(P1+ my Py);
2 2
mi My, exp (-m m
Pix=3 = = 3p Cm) *(Py + myPy + _22 Po)...
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Déi v6i phan bd Thomass (Ham 3.32), X4c suat P duoc khai trién nhu sau:
Po = exp(-m); P, = m*exp(-m)*exp (-A);
-m

m-e
P, = m* exp(- m)*A*exp(-A) + —;— (exp(- 19)

Ké dén udc luong tan s6 6 miu xuét hién k cdy bang cach nhan tong sé 6
mau (N) véi P(K = 0,1, 2...). Sau d6 kiém dinh sy phd hop ctua phan bé Neyman va
phan b Thomass véi s liéu thuc nghiém bang tiéu chudn y? voi sé bac ty do f=n
— 3; trong d6 n 1a sb t6 sau khi gop dé tin s6 16n hon 5. Néu y11° > y20s, thi phan b
cua loai cdy quan tdim khong phu hop véi phan bd Neyman va Thomass. Nguoc lai,
néu y11° < %%, thi phan bd cua loai cdy quan tdm phu hop voi phan bd Neyman va
Thomass.

Budc tiép theo 1a xac dinh nguyén nhan ma loai cay nay phan bd cum va kich
thugc trung binh cua nhitng cum cdy. Nhiing nguyén nhan cta phan bd cym c6 thé
1a do (a) Mat d6 quan thé cao; (b) CAy me sinh san manh; (c) Kiéu cach phat tan qua
va hat; (d) Tinh trang phat trién cta cdy bui va tham cé dudi tan rimg; (e) Hoat dong
cua dong vat...

Luu y rang, néu chi sir dung cac 6 mau duogc bd tri ngau nhién trong QXTV,
thi chiing ta rat kho xac dinh do 16n caa mot cum cay. Kich thudc cta cic cum cay
6 thé dugc xac dinh bang cach do vé chi tiét ranh gigi caa chiing. Pay 1a mot cong
viéc kho khin, tén nhiéu thoi gian va nhan lyc. Trong thuc hanh, khi ing dung cac
mo hinh toan (Nhi thirc, Possion, Neyman va Thomas) dé phan tich phan bo cay
trén mit dat, chang ta can phai thu thap sé luong 6 mau du 16n, thuong tir 400 —
1600. Bé két hop phan tich kich thudc cta cac cum cay, cac 6 mau can duoc bd tri
theo dang ban co.

Theo Greig - Smith (1952; Dan theo Vasilevich, 1969), ¢ 16n cia cac cum
cay co6 thé dugc xac dinh theo cac budc dudi day.

Budc 1. Tai khu vuc nghién ciu, thiét 1ap mot he thong cac 6 mau khép kin
theo dang ban co sao cho cé thé lién két cac 6 co s& ¢ 1an can thanh tung khoi K =
2,4,8,16, 32, 64, 128, 256...0 mau. Moi 6 mau la mot 6 co s& hay 6 don vi.

Bude 2. Xac dinh mat do (N;), sb cay binh quan (Ngg) va phuong sai (S°)
twong trng véi moi khoi 6 mau khac nhau.

Budce 3. Xay ‘dung dd thi biéu din sy bién ddi cua S? theo kich thudc khoi
(K). Khi xay dung db thi, truc tung dat S, con truc hoanh dit kich thudc khdi (K).

Budc 4. Néi cac diém giao nhau giita S* va K tuong wng. Két qua nhan dugc
mot duong cong c6 nhiéu dinh. Cac dinh nay tuong tng véi dién tich binh quan cua
ting dam ca thé. Bang 3.6 va 3.7 va Hinh 3.5 dan vi du phén tich kich thudc cac
cum cay tai sinh tu nhién cua Dau song nang. Kiéu phan bb cum cua Dau song nang
duge mo ta gan ding bang mo hinh phan b Thomas va Neyman.
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Bang 3.6. Kiém dinh phan bé trén mat dat Siéi v6i cay tai sinh Dau song nang theo
phan bo Thomas va Neyman. Nguon: Nguyén Van Thém, 1992.
S6 6 mau u6c lugng theo phan bo:

S cay/d mdu  S6 6 miu bat gap

Thomas Neyman
0 159 159,0 158,2
1 113 113,0 113,9
2 71 72,3 71,2
3 36 37,0 37,0
4 19 16,8 17,1
5 6 6,9 7,2
6 3 2,6 2,8
>7 2 0,1 0,003
Tong s6 409 409 409
2 0,555 0,363
7205 7,81 7,81
Céc dic tnumg XB2 =12 m = 0,945; xZ: 0,285 m; =2,3045
' ST=21 Xpq=1,22;S°=188 m,=0,5315

Theo phuong phap ctia Greig — Smith (1952), xac dinh dwoc kich thudc binh
quan cuia cac cum cay tai sinh Dau song nang la 128 m?; trong d6 trung binh mot
cum 1a 65 cdy. Gia thiét hinh thai cia mot cum cay la hinh tron. Tir d6 xac dinh
dugc duong kinh trung binh cua mot cum cay tai sinh Dau song nang 1a 11 — 12 m.
Kich thude nay gan bang duong kinh tan trung binh caa mot cay me (7 -12m). Qua
Dau song nang rat to va thuong phat tan theo trong lyc. Ngoai ra, Dau song nang
thuong tai sinh theo 15 trong. Vi thé, phan b cay tai sinh theo dang cum c6 lién
quan dén kiéu cach tai sinh ti nhién ctia Dau song nang.

Bang 3.7. Sy phy thudc ciia phuong sai theo kich thudc 6 thong ké.
TT Khoi (m°)  SO6khdi (n) Xgg (cAy/6mau) S W =S%Xg,

10 512 2 246 676,0 2,75
9 256 4 123 194,0 1,58
8 128" 10 64.8 2104 3.23
7 64 25 32,28 81,6 2,53
6 32 50 16,64 38,0 2,28
5 16 100 8,32 21,9 2,63
4 8 200 4,15 9,0 2,17
3 4 400 2,10 4.1 1,95
2 2 800 1,64 1,72 1,65
1 1 1600 0,52 0,73 1,40

(*) Do 16n ctia mot cum cdy téi sinh.
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Phuong sai (S°)
700 1

600 -
500 -
400 -
300 -
200 -

100 A

0

Hinh 3.5. Méi quan hé gitta phuong sai vai kich thuéc khdi 6 mau.

Sau khi xac dinh kiéu phan bd trén mat dat (diéu hoa, ngau nhién va cum)
ctia nhiing loai cdy quan tdm, mot nhiém vy quan trong khéac 1a tim kiém nhiing
nguyén nhan dan dén kiéu phan bé nay. Trong sinh thai hoc va 1am hoc, nguoi ta
dic biét quan tam dén nhitng nguyén nhan dan dén loai cay nay hay loai cay khac
phan b theo cum, con cac dang phan bd khac it duoc chi y. Bé lam rd nguyén
nhan anh huéng dén kiéu phan bé cum cua cac loai cay gd, nha 1am hoc can phai
thu thap nhitng thong tin vé méi trudng séng cua loai cAy quan tam, dic biét I vi
moi trudng trong mdi 6 mau. Vé co ban, phan bd cum cua céc loai cay la do nhing
nguyén nhan sau day: (1) Tinh khong thuan nhat cua dia hinh va dat; (2) Su phat
trién manh cua cay bui va tham co; (3) Quan hé qua lai giita cac loai cay; (4) Pic
tinh sinh hoc cua loai (sinh san vo tinh hay hitu tinh); (5) Anh huéng cia do tan che
tan ring; (6) Kiéu cach tai sinh cua loai cdy quan tam; (7) Su canh tranh trong loai
va gitta cac loai cdy...No6i chung, xdc dinh rd nhitng nguyén nhan cua cac kiéu phan
bd cay trén mat dat giup cho nha 1am hoc giai thich ban chat caa hién twong va xay
dung cac phuong thirc 1am sinh.

Khi &p dung ciac mo hinh toan dé phan tich phan b cay trén mat dat, vé 1y
thuyét, do 16n cua cac 6 mau bang bao nhiéu ciing duoc. Nhung trong thyc tién, y
nghid cta cac két luan va chi phi nghién cau phu thudc rat nhiéu vao cach chon lya
kich thuéc 6 miu. St dung 6 mau qua nho hoic qla I6n déu lam giam ¥ nghia cua
céc két luan. That vy, khi sir dung 6 mau qué I6n, thi né c6 the bao tram Ién nhicu
khong gian khong c6 cdy. Nguoc lai, khi sir dung 0 mau qua nho, thi nhiéu 6 mau
lai roi vao chd tréng. O truong hop dau phan b cay cd thé 1a phan bé cum, nhung
ching ta lai két luan 12 phan bé dong déu. Nguoc lai, ¢ truong hop sau, mat do cay
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thwa thot, nhung ching ta lai két luan 1a phan bé cum. Ngoai ra, kich thuéc 6 mau
I6n chira rat nhiéu cay. Diéu dé lai gay ra nhitng khoé khin cho viéc théng ké sb cay
trong 6 mau, tinh todn phuc tap va ton nhiéu thoi gian hon. Vi vay, khi nghién ciu
phan bé cay tren mat dat, kich thudc ciia cac 6 mau phai thong nhat va thay 601 tuy
theo loai cay, tudi hay kich thudc than cay. Kich thuée cua cac 6 miu ciing can gidi
han dé dé& tinh toan. Di véi cay tai sinh ¢c6 H < 50 cm, do méat d§ cao, nén kich
thudc cla cac 6 mau thuong chi dao dong tir 1 — 4 m2. Déi voi cay tai sinh c6 H >
100 cm, do mat d6 thap, nén kich thudce cia cac 6 miu thuong dao dong tir 4 — 10
m?. D6i véi cay gb truong thanh, do mat do thip, nén kich thudc cta cac 6 mau
thuong dao dong tir 10 — 50 m% Dién tich nay bang dién tich trung binh cua hinh
chiéu tdn nam ngang ctia mot cay truong thanh. Théng tin thu thap trong mdi 6 mau
1a sb lugng ca thé cua loai cay quan tam.

3.3.3. Phan tich tinh phirc tap cia rirng
3.3.3.1. Khdi niém vé tinh phirc tap ciia rirng

Tinh phirc tap cua rung phan anh sy da dang Ve loi cay, tudi, kich thudce cay
g0 va quan thy, trang thai strc song cua cay g0 va quan thy, nhitng méi quan h¢ gilra
cac loai cAy gob Véi nhau va gitta ching v6i moi truong. Tinh phurc tap vé ciu tric
ring 13 do rimg bao gdm nhiéu dic tinh khac nhau. Cac déc tinh cua rung co thé
dugc phan chia thanh 4 nhém. Nhom 1 1a nhitng déc tinh vé céc loai cy hinh thanh
rimg. Pic tinh nay biéu thi su gidu co vé cac loai ciy. Nhom 2 1 sy da dang vé tudi
va kich thudc cta cac cay gd. Pic tinh nay xuat hién 1a do sy da dang vé loai cay va
nhleu loai cay tai sinh lién tuc duoi tan rung. Nhom 3 la su da dang vé trang thai
strc song cua cdy gd va quan thy. Nhom 4 1a sy da dang vé nhitng mdi quan hé giita
cac loai cay va gitra chung v61 moéi truong. Phan tich tinh phure tap cua rung khong
chi gitip cho nha 1dm hoc hiéu vé rimg, ma con xay dung nhitng phuong thirc 1am
sinh va phan loai rung.

3.3.3.2. Nhitng chi so biéu thi tinh phirc tap ciia rieng

Rung bao gSm rat nhiéu dic tinh khac nhau. Mot sb dic tinh dé do dac.
Chang han: (a) O mitc cay gd, cac dic tinh dé do dac 1a D, H, V, D1, L+. (b) O mirc
quﬁn thy, cac dic tinh dé do dac 1a N, G va M. Trai lai, QXTV rung c6 nhiéu dic
tinh rat khé do dac chinh xac. Chang han: sb loai cay (S); sinh khéi (B)...Vi thé, dé
don gian trong do dac, tinh toan, so sanh, danh gia va phan loai QXTV va rung, cac
nha sinh thai hoc va lam hoc dé nghi sir dung cac chi tiéu tong hop. Tinh phuc tap
vé cAu tric ring c6 thé duoc danh gia bang chi sb phuc tap vé cu tric (SCI =
Structural Complexity Index). Cac chi s6 SCI la mét dang toan hoc. Chung dugc su
dung dé biéu thi sy phic tap vé cau tric quan thy. Chlng tém tat anh huong cua hai
hodc nhiéu dic tinh caa quan thu.

Céc chi s6 SCI ¢6 thé duoc xé4c dinh bang hai phwong phap. Mot 1a cac chi
s6 SCI duoc xac dinh tir tong s6 cay trong 6 mau. Hai 1a cac chi s6 SCI dwoc xac
dinh tir k cay gan nhat véi cdy co sd. Cac chi s6 SCI ¢6 thé ¢ dang tong diém sb cua
cac dac tinh va dang tich $6 gifra cac dac tinh cia QXTV.
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Néi chung, cac chi sé6 SCI duoc xay dung theo 5 bude. Bude 1 1a xac dinh
nhitng dic tinh co ban cua rimg duoc sir dung dé danh gia tinh phuc tap vé cu trdc.
Budc 2 1a phét trién nhiing hé thdng sé do cac dic tinh cau trlic cua rimg. Budc 3 la
thu thap nhitng déc tinh cua rung. Budce 4 la xac dinh phuong phép tinh cac chi s6
SCI. Néu sir dung chi s6 SCI ¢ dang tong cac ddc tinh, thi ching ta can phai phan
chia thang diém va cho diém dbi v6i mdi dac tinh. Nhing diém So duoc cho tur cao
xudng thap. Pic tinh quan trong c6 diém sé cao nhat Piém s6 ¢ dang tuyét dbi
hodc twong d6i. Phuong phap tong c6 wu diém 1a chi so SCI ¢6 thé bao gdm nhiéu
dic tinh dinh lwong va dinh tinh. Nhugc diém co ban nim & phuong phap cho diém.
Chi s6 SCI & dang tich cac dic tinh c6 uu diém 1a tinh toan dé dang. Nhuge diém co
ban 1a khé danh gia d6i v6i cac chi tiéu dinh tinh. Budc 5 1a tong hop diém sé cua
cac dic tinh dé nhan duoc diém sb cua cac chi sb SCI. Tinh phirc tap cua cac QXTV
va rimg duogc sip xép theo thtr ty giam dan diém sé cua céac chi sé SCI.

Dué6i day gidi thiéu mot sb phuong phap xac dinh chi sé SCI d6i voi QXTV
va ring dua theo mot va nhi€u bién s6 khac nhau.

(1) Nhitng chi sé phikc tap dwa trén mét bién so. Gadow va Hui (2007) xéc
dinh chi s6 hdn giao cua cac loai ciy gb trong QXTV theo cdng thirc 3.37; trong do
M; 1 chi s6 hdn giao tai diém i trong QXTV, k 12 s6 loai cAy gd gan nhat véi | cdy co
50, V; la loai cay g6 phan bb bén canh ciy co so. Gia tri Mj = 0 — 1. Tai moi diém
quan sat, néu loai cay 9o bén canh khac véi loai cay gd co s, thi Vj =1 Trai lai,
néu loai cay gd bén canh giéng vai loai cay gb co so, thi Vj = 0. Néu xéc dinh sy
hon giao gitta mot 10ai cay gb quan tAm véi nhitng loai cay g5 khac, thi chon loai
ciy g0 quan tdm & mot s6 diém khac nhau trong QXTV.

M, = = 2V 1ka (3.37)

bé dé dang tinh todn va nhan dugc két qua voi do tin cdy cao, nguoi ta
thudng chon k = 3 hodc 4 cdy gd phin bd xung quanh cay co sé va gia tri M; duoc
tinh binh quan tir N diém khac nhau trong QXTV, it nhat N = 3 — 5 diém. Khi phan
tich va danh gia két qua nghién cau, mic do hdn giao giira cac loai cay gd duoc
danh gia theo Bang 3.8.

Bing 3.8. Phan cap mirc do hon giao cua cac loai cay g trong quan thu.
(@) Truong hop chon 3 cdy gan nhat voi cdy co so.

Mi S6 loai cay gidng vai loai cay co so Muc do hdn giao
€] - (2) 3)
0  3cay gan nhat cung loai véi cay co so. Khéng

0,33 2 cay gan nhat cung loai vai cay co so. Thap

0,67 1 cay gan nhat cung loai vai cay co so. Trung binh

1,0 0 cay gan nhat cung loai véi cay co so. Cao
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(b) Truong hop chon 4 cdy gan nhdt véi cdy co so.

Mi S6 loai cay gidng vai loai cay co so Mtc d6 hon giao
) . (2) 3
0 4 cay gan nhat cung loai vdi cay co so. Khdng
0,25 3 cay gan nhat cung loai vai cay co so. Thap
0,50 2 cay gan nhat cung lodi vai cdy co so. Trung binh
0,75 1 cay gan nhat cung loai vai cay co so. Cao
1,0 4 cay gan nhat khong cuing loai véi cay co so. Rét cao

Bang 3.9 dan vi du vé mtrc d6 hon giao cia QXTV duoc xac dinh tir 3 diém
quan sat. Tir d6 cho thay, gia tri M; trung binh 13 0,375 cho biét cac loai cay gb cua
QXTV nay hdn giao & mirc trung binh. Trong thyc hanh, dbi voi rimg tw nhién nhiét
d6i1, chung ta co thé phan tich su hdn giao giita hai loai cdy gd wu thé sinh thai va
d6ng uu thé sinh thai voi mot vai loai cay gd c¢6 ¥ nghia kinh doanh.

Bang 3.9. Mirc d6 hdn giao cua QXTV duoc xac dinh tir 3 diém quan sat.

Quansat  Loai cdy gan nhat véicdy cosé  Tong Ml Hon giao
1 0 0 0 0 0 0,00 Khong
2 0 0 0 1 1 0,25 Thap
3 0 0 1 1 2 0,50  Trung binh
Trung binh 0,38  Trung binh

Su phan hoa vé kich thudc cay gb 1a méi quan tdm ctia nha 1am hoc. Kich
thude cay gb (D, H, G, V) 1a nhiing bién dinh luong. Vi thé, tinh phuc tap ciia rimg
c6 thé dugc xac dinh bang viéc phan tich dic trung thong ké (Trung binh, sai tiéu
chuan, Max, Min, hé s bién dong...) ddi voi nhirng bién dinh luong. Sy da dang vé
D cua QXTV co thé dugc phén chia thanh 2 kiéu. Kiéu thu 1 1a sy khac biét Vé bién
do D cua cac cay ¢ trong quan thu. Kiéu thtr 2 13 su dong deu vé phan bd sb cay
trong cac cap D. Mot cach khac 1a phén tich su khac biét vé kich thudc cay go O
nhitng vi tri khac nhau trong QXTV. Sau d6 téng hop lai dé nhan dugc chi sd phirc
tap vé cAu tric ciia QXTV.

Theo Aguirre va ctv (2003), su khac biét vé kich thudc cdy gd ¢ nhiing vi tri
khac nhau trong QXTV duoc xac dinh theo chi s6 uu thé vé kich thudc than cay
(Dominance Index = DI). Chi s6 DI phan anh muc do khac biét vé kich thuge (D,
H, G, V) cua nhing ciy bén canh so véi cdy co sd. Chi sé DI 1a ty 18 kich thudc cua
cay co so voi k cdy gan nhat (Cong thirc 3.38). O cong thire 3.38, néu kich thudc
cua cay gd bén canh nho hon so véi kich thudce cua cay g0 co 80, thi V; = 0. Trai lai,
néu kich thudc ciia cdy gd bén canh 16n hon so véi kich thudc cua cay gd co sd, thi
Vj=1.

i=1. k) Vi
DI; = Z‘—l'k—k)— (3.38)
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Pé dé tinh toan va nhan dugc két qua véi do tin cay cao, chon 3 hodc 4 cay
b phan bb xung quanh ciy co s& va gid tri DI; duoc tinh binh quan tir N diém khac
nhau trong QXTV, it nhat N =3 — 5 diém. Néu phan tich sy khac biét vé kich thuéc
cua loai cay go quan tdm voi nhimg loai cdy go khac, thi chon loai cay quan tam ¢
mot s6 vi tri khac nhau. Trong danh gia két qua nghién ctu, mac d6 dong déu hay
mirc do phan héa vé kich thudc gitra cac cay gd trong QXTV va rimg dugc danh gia
theo Bang 3.10.

Bing 3.10. Phan cap mirc do dong déu vé kich thudc cua céc cay gd trong QXTV.
Truong hop chon 4 cdy gan nhat voi cy co so.

DI;  S& cay co kich thudc khac véi cay co so Mtc d6 dong déu
“ @ B
0 4 cay gan nhat nho hon cay co so. Ul thé troi
0,25 3 cay gan nhat nho hon cay co so. Uu thé
0,50 2 cay gan nhat nho hon cy co so. Trung binh
0,75 1 cay gan nhat nho hon cay co so. Bi chén ép
1,0 4 cay gan nhat 16n hon cay co so. Bi chén ép manh

Bang 3.11 dan vi du x4c dinh mirc 4o dong déu vé D than céy tir 3 diém quan
sat. T do cho thay, gia tri DI trung binh 1a 0,375 cho biét D than cdy go trong
QXTYV nay phan hoa & muc trung binh.

Béing 3.11. Muc do dong déu vé kich thudc cia céc cay gd trong QXTV duogc xac
dinh tir 3 di€m quan sat.
Quansat  Kich thudc cdy gan nhat  Tong DI, Mtc d6 dong déu

1 0 0 0 0 0 0,00 Uu thé troi

2 0 0 0 1 1 0,25 Uuthé

3 0 0 1 1 2 0,50 Trung binh
Trung binh 0,38  Trung binh

Kint (2003) d4 xac dinh chi s6 khac biét vé D (Tp) theo ty 1& D ctia cdy co sO
va nhiing cdy xung quanh (Cong thic 3.39). O cong thuc 3.39, dIJ 1a ty 1€ D cua cay
nho (Dwjn) va D cua cay 1on (Dwuax) trong cap cay co so (i) va cay gan nhit (j); k 1a
s6 ciy gan nhét véi ciy co 50. Dé dé tinh toan va nhan duoc két qua véi do tin cay
cao, chon k = 3 hoic 4 ciy gb phan bb xung quanh cay co s0. Gia tri Tp nam trong
khoang 0 — 1. Trong danh gia két qua, murc do Kkhac biét vé D cua nhitng cay gd tai
mdi vi tri trong QXTV duoc danh gia theo 4 cip: thip (Tp < 0,3); trung binh (Tp =
3 +0,5); cao (Tp = 0,5 + 0,7) va rat cao (Tp = 0,7 = 1,0). Pé nhan duoc két qua
khach quan va phan anh diing sy khac biét vé D ciia cac cay gb trong QXTV, chi sb
Tp duoc tinh binh quin tir N diém khac nhau trong QXTV, it nhit 12 3 diém (Bang
3.12).

T, = (=1, k)l(<1 - dip) (3.39)
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Béng 3.12. Murc d6 khac biét vé duong kinh ciia cac cay gb trong QXTV duoc xéac
dinh tir 3 di€m quan sat.

D; (cm) cua 4 cay so sanh

Di(cm) Giatrid;;  Khac biét D
1 2 3 4
10 24 22 8 6 0,40 Trung binh
22 32 17 18 15 0,32 Trung binh
45 38 40 32 25 0,44 Trung binh
Trung binh 0,39 Trung binh

Khi xac dinh sy da dang vé D cua cay gd trong quan thu, Cllfford va
Stephenson (1975 dan theo Klnt 2003) da stir dung chi so dMarga|ef, chi s6 H’ cua
Shannon, chi s6 Simpson va chi sd Berger - Parker. Cac chi so nay dugc sir dung dé
do mirc 4o phong phu va su phan bd dong déu ddi V01 G ¢ cac cap D. Chi sb dMarga|ef
dugc xac dinh theo cong thirc 3.40; trong do F = s6 cap D, G = tiét dién ngang quan
thu (mz/ha) Pham vi bién di cua chi sb dmargatef tlr 0 - o; trong d6 dmargater = 0 khi F
=1va dMargaIef oo khi F = 0.

(F-1)
dMargaIef = Ln(G) (340)

Chi s6 Shannon (1948) dugc xac dmh theo cong thure 3.41; trong do P; 1a ty
1€ glua tiét dién ngang cua tung cap D (gi, m ) va tong tiét dién ngang ctia quan thu
(G, m %) trén 6 mau. Pham vi bién di cua chi sé H* tir 0 — Ln(F); trong d6 F = sb
cap D.

H =- 352 ,Pi*Ln(P) (3.41)

Chi s6 Simpson (1949) dugc xac dmh theo cong thirc 3.42; trong do P; 1a ty
1€ glu’a tiét dién ngang cua tung cap D (g, m%) va tong tiét dién ngang cua quan thu
(G, m ) trén 6 mau, F = sb cap D. Pham vi bién d6i cua chi sd Dsimpson tr 0 — 1.

DSimpson =1- 2 i= 1|:>i2 (3-42)

Chi sd Berger - Parker (1970) dugc st dung dé xac dinh su uu thé vé do
phong phu cua cac cap D. Chi s6 nay dugc xac dinh theo cong thirc 3.43; trong d6
Oimax 12 tiét dién ngang cua cap D co tiét dién ngang 16n nhit, G 1a tong tiét dién
ngang cua quan thy (G, m%). Pham vi b1en d6i ctia chi s6 Dgp tir 0 — 1; trong d6 Dgp
= 0 khi s6 cap D = 1 va Dgp = 1 khi tiét dién ngang ciia cac cap D bang nhau.

Dep = 1 - (1) (343)
‘ Su ddéng déu vé D cua cac cdy gd trong QXTV dugc xac dinh theo chi §6
dong déu cua Shannon (Cong thuc 3.44); trong d6 H’ 1a chi s6 Shannon, F 1a s6 cap

D. Néu cac loai ¢6 do phong phdi bang nhau, thi E = 1. Khi d6 phong ph cua cac
loai khac nhau, thi E sé& giam. Vi the, gid tri H’ cta nhitng 6 mau dugc so sanh véi
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H’max = 1. Néu d6 phong phu tap trung rat cao vao mot sé loai, thi chi sb H’ sé tién
den Zero. Néu doi twong nghién ciru chi ¢ 1 loai, thi H’ =

Eshannon = H’/LN(F) (3.44)

(b) Nhitng chi sé phike tap dwa trén nhiéu bién s6. Khi phan tich mac d6 hdn
giao cua cac loai cay gd trong QXTV trén cac 6 mau, Nguyén Vin Truong (1984)
da xac dinh chi s6 hon giao (HG) theo cdng thurc 3.45; trong d6 S va N tuong tng la
s6 loai cay gd va mat do quan thu trén 6 mau.

HG = (S/N) (3.45)

Holdridge (1967; Dan theo Cintron va Schaeffer-Novelli, 1984) da xay dung
chi s6 SCI & dang tich sé giita sb loai cay gb (S), mat o (N, cay), chiéu cao (H, m)
va tiét dién ngang (G, m?) cua quan thu trén 6 miu (Cong thic 3.46); trong d6 107k
(k = 1—6) la hé s6 chuyén SCI vé gia tri nho.

SCI = (S*N*H*G)/10°k (3.46)

Jaehne va Dohrenbusch (1997; Dan theo Neumann and Starlinger, 2001) da
xay dung chi s6 phiic tap vé cau triic (SD) tir 4 dac tinh: bién dong D (Sy); bién
dong so loai (Ss); bién dong khéng gian song cua cay () va bién dong dién tich tan
che trén mit dét (Sc) (Céng thic 3.47).

SD = (Sg*Ss*Y*Sc) (3.47)

Neumann va Starlinger (2001) da st dung ca hai chi s6 SCI va SD dé danh
gia tinh phac tap cua mot sb kiéu reng o Ao. Fuldner (1995; Dan theo
Pommerening, 2003) di xac dinh da dang cau tric ring theo ba chi s6: TM, M va
W. Chi s6 TM, M va W tuong tng biéu thi sy khac biét vé D, loai cay gd va kiéu
phan bd cua cay gd trong quan thy. Chi s6 TM duoc tinh theo cong thuc 3.48; trong
d6 k = sd cay so sanh véi cdy co s0, dIJ =ty I¢ gitra D cua cay nho (i) va cay Iorn (J)
trong cap cay co so va cay gan nhat vé6i cay co sO.

Z(I =1, k)(l dn)
k

Dé dé tinh toan va so sanh su khac biét vé D cua cac cay gd trong QXTV,
nguoi ta thuong chon k = 3 hodc 4. Mac khac, dé nhan duoc két qua khach quan va
phan anh gén ding su khac biét vé D cua cac cay gS trong QXTV, chi s6 TM; dugc
tinh binh quan tir N diém khac nhau, it nhat N = 3 — 5 diém. Trong danh gia két qua,
su khac biét vé D duoc danh gia theo 4 cap: thap (Tp < 0,3); trung binh (Tp = 3 +
0,5); cao (Tp = 0,5 + 0,7) va rit cao (Tp = 0,7 = 1,0).

Chi So M dugce xdc dinh theo cong thir 3.49; trong do6 Vj; bleu thi su khac biét
vé lodi cay gd, k = sb cay so sanh voi cay co so. Gia tri Vij=1 néu cay co so (i) va
cdy so sanh (j) thugce cung 1 loai. Nguoc lai, Vi = 0 néu hai cay (i) va (J) khong
thugc cing 1 loai. Chi s6 M nhan gié tri tir 0 — 1. Trong déanh gia két qua, néu M; <
0,3, M; = 0,3 — 0,5 va M; > 0,5, thi su khac biét vé loai cay gé tuong tng & mirc
thép, trung binh va cao.

™, = (3.48)
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\
M; = Z‘—l'k—k)—' (3.49)

Chi s W duoc xac dinh theo cong thirc 3.50; trong d6 Wj; la gOC hop bai cép
ciy co s (i) va cay so sanh (j), k 1a s cay xung quanh (j) phan bd gan nhit véi ciy
co so (1)

W, = Zufﬂ‘ (3.50)

Néu k cay go phan bd dong déu trén mat dat, thi goc tiéu chuan hay goc co
s& (Wo) = 360%(k + 1). Trong danh gia két qua nghién ctru, néu W; < W, thi W; = 1.
Tréi lai, néu W; > W, thi W; = 0. Dé d& dang phan tich két qud, nguoi ta thucrng
chon k =3 hoac 4. Khi danh gi4 phan bd cay trong QXTV, b tri N diém nghlen
ctru va tinh gid tri W, trung binh. Khi k = 3 va 4, thi kiéu phan bé cay trén mat dat
duoc danh gia twong rng theo Bang 3.13.

Bang 3.13. Phan chia cac kiéu phan bd cay trén mit dat.

(@) Truong hop chon 3 cdy gan nhdt véi cdy co so.

W, S6 cay c6 W; khéc véi W, Kiéu phan b
1) - (2) ()
0 0 cdy gan nhat vaoi W; < W, Rat dong déu
0,33 1 cay gan nhat c6 W; < W,,. Pong déu
0,67 2 cay gan nhat c6 W; < W,,. Ngau nhién
1,0 3 cay gan nhat co W; < W, Cum
(b) Truong hop chon 4 cdy gan nhat véi cdy co so.
W; S6 cay ¢ W, khac vai Wy Kiéu phan b
) - (2) )
0  0caygan nhat voi W; < W, Rat dong dcu
0,25 1 cAy gan nhat co W; < W,. Pong déu
0,50 2 cay gan nhat c6 W; < W,. NgAau nhién
>0,75 3 cAy gan nhat c6 W; < W, Cum

Pastorella va Paletto (2013) da x4c dinh mirc do phirc tap Vé cau tric quan
thu (SCI) bang tong s6 d1em cua ba chi 50 TM;, M; va W; (Cong thuc 3.51); trong
d6 ki (i = 1, 2, 3) la trong s cua ba chi s6 TM;, M; va W,. Ba trong s6 nay nhan gia
tri twong tng 1a 0,2; 0,5 va 0,3. Can ctr vao pham vi blen dong cua chi s6 SCI, cac
QXTV dugc phan chia thanh 4 muc d6 phirc tap vé cdu trac: rat phire tap, phic tap,
trung binh va it phtrc tap.

SCI = (TM*k;) + (M*k;) + (W;*ks) (3.51)

Noi chung, trong cac tai liéu sinh thai hoc va lam hoc, nguoi ta con st dung
rat nhiéu dic tinh dé xay dung céac chi sd phirc tap vé cau triic rimg. O muc ciy g0,

cac ddc tinh thuong dugc s dung la D, H, G, V, B, dién tich tan che. O muc quan
thy, cac dac tinh thuong duge st dung la N, S, G, M, sb cap D va cap H ctia quan
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thu, s6 luong cdy chét dimng, tinh trang phat trién cta cay bui va tham co dudi tan
rimg, bé day cua 16p vat rung trén san rung. Rung tu nhién hon loai nhiét déi 1a
nhing hé sinh thai rat phirc tap. Vi the dé don gian trong phan tich va so sanh giira
céc kiéu QXTV va phan loai rimg, cdu tric ciia cac QXTV va rimg thuong dugc mo
ta bang cac chi sd céu truc.

82



Chuong 4
PHAN TiCH MOI QUAN HE GIUA CAC LOAI CAY GO

4.1. Giéi thi¢u chung

Rung bao gém nhiéu loai cay gd khac nhau; trong d6 mdi loai cay gb doi hoi
nhing diéu kién séng khac nhau. Mat khac, khi chung séng bén nhau, cac loai cay
g0 co sy tuong tac voi nhau nhu che bong 1an nhau va canh tranh voi nhau vé
nguon song (anh sang, nude, chit khoang.. .)- Su tuong tac gilra cac loai cay gd co
thé & dang canh tranh v6i nhau va ¢ dang ho trg 13n nhau. Can clr vao moi quan hé
gitra cac loai cay gob trong QXTV, cac nha sinh thai hoc va 14m hoc phan chia chung
thanh ba nhém: (1) Nhiing loai cAy go khong c6 quan hé véi nhau hay doc 1ap véi
nhau; (2) Nhing loai ciy gb c6 quan hé yéu vol nhau; (3) Nhiing loai cay gd ¢
quan hé chét ché voi nhau. Sy da dang vé cac mdi quan hé giita cac loai ciy da tao
ra su da dang vé két cau loai cay go va ciu trac rung. Trong sinh thai hoc va lam
hoc, nguoi ta goi nhimg loai cay go chung song trong mot noi & va co yeu cau moi
truong song twong ty nhu nhau la nhom sinh thai (Ecological Group). Moi quan hé
giita cac loai cay gb trong cung nhom sinh thai duoc goi 12 sy két nhom sinh thai
(Ecological Group Association).

Nghién ctru cac nhom sinh thai mang lai nhiing ¥ nghia khac nhau. Vé ly
luan, két qua cua nghién ciru nay giup cho nha lam hoc hiéu vé doi séng cla cac
loai cay g6 va rung. Cac phuong thirc nu6i dudng va khai thac rung déu hudng dén
muc tiéu tao ra két cau loai cay go t6i wru va cau trac quan thy hop ly. Pé dat dugc
hai muc tiéu nay, 14m hoc can hiéu ro nhiing nhom sinh thai va moéi quan hé gitra
cac loai cdy trong nhom sinh thai. Vi thé, phan chia cac loai cdy gd thanh cic nhom
sinh thai khac nhau la co s¢ khoa hoc cho viéc xay dung nhiing phuong thirc 1am
sinh, quan 1y rung va bao t6n nhitng loai cdy gd quy, hiém hodc c6 gia tri cao vé
kinh té.

V& toan hoc, ngudi ta phan biét hai kiéu phu thugc khac nhau. Mot 1a su phu
thuoc ham sb. D6 1a gia tri cia mot dic tinh nao d6 duge xac dinh chinh xac théng
qua nhitng dic tinh khac. Chang han: Thé tich than cdy (V) phu thudc vao D va H.
Méi quan hé nay duoc xac dinh bang cac ham s6. Hai 13 su phu thudc xac suat. D6
13 mot dac tinh thay doi c6 thé nhan dugc nhiéu gia tri ngau nhién cua nhitng dic
tinh khac. Chéng han: Tai cép D =20 cm, gia tri H ¢c6 thé 1a 18, 20 va 22 m. Mdi
quan hé nay duoc nghién ciu bang phuong phap phan tich hdi quy va tuong quan.

Rung 12 mot hé thdng rat phuc tap; trong d6 mdi quan thé loai bi kiém soat
boi nhiéu quan thé loai khac va nhiéu nhan t6 méi truong khac nhau. Su phu thudc
gitra c4c loai cay gb trong QXTV c6 thé duoc nghién ctu trén ba muc do khong
gian khéc nhau. Trén mac d6 dia ly, 1am hoc nghién ciru su cing chung séng cua
cac loai cay gb trong mot dia phuwong va danh gia su triing hop cua ching trong cac

83



vung dia ly. Trén mirc do QXTV, 1am hoc nghién ctu: (a) Kha nang cua cac loai
cay gb tham gia vao cing mot QXTV va nhirng nhan té klem soat sy séng cua
ching; (b) Sy tring hop bién do sinh thai cua céac loai cay gb. Trén muc giira cac
lodi cay gb trong cing QXTV, 1am hoc nghién cizu quan hé qua lai giira cac loai cay
g0.

Mic du su phu thuoc giira cac loai cay gb dugce nghién ctu trén ba muc do
khong gian khac nhau, nhung ranh giéi gitra miac QXTV va cac loai trong cung
QXTV la rit kho phan dinh. Nguyén nhén 13 vi khi ting kich thudc 6 mau, ching ta
da chuyén tir viéc nghién ctu quan hé gitra cac loai trong mét vi méi truong thanh
quan h¢ gitta chling trong QXTV. O muc QXTV, nha [am hoc quan tam dén cac
loai cay gd phan bd ¢ tang phién nao, dang séng nao va vi mdi truong nao. O mirc
cac QXTV, nha Iam hoc khong chi xac dinh nhing loai cay go quan tam thuoc vé

moét QXTV hay nhiéu QXTV, ma con ca sy tuong dong vé diéu kién sdng cua céac
QXTV.

Bang phan tich hoi quy va tuong quan, nha 1am hoc c6 thé xac dinh duoc sy
két nhom giita cac loai cay g voi nhau va moi quan h¢ gitra chung v6i moi trudng.
Khi phan tich sy két nhom gitra céc loai cay gd, thi bién phan hdi va bién giai thich
1a do quy wdc ctia nha nghién ctiru. Néu myc tiéu nghién ciru 13 x4c dinh su bién ddi
d6 phong pht ciia loai A dua theo sy bién doi do phong phu cua loai B, thi do
phong phii ciia loai A 1a bién phan hoi, con d6 phong phu cia loai B 1a bién giai
thich. Trai lai, néu muc tiéu nghién ctru 13 x4c dinh sy bién ddi do phong phu cua
loai B dya theo do phong phu cua loai A, thi d6 phong phii ctia loai B 12 bién phan
hoi, con do phong phu cta loai A 13 bién giai thich. Thuat ngtr “Phan h6i” biéu thi
phan ng hay sy thay d6i nhitng dic tinh cua cdy gd va rung dbi voi su thay d01 cua
cac nhan t& moi truong. Thuat nglr “Bién giai thich” biéu thi nhitng nhén t6 moi
truong duoc str dung dé giai thich sy thay doi ciia nhitng dic tinh ¢ muc cay gd va
rung.

Méi quan hé giira cac loai cay gb co thé dugc nghién ctru bang nhiéu phuong
phap khac nhau. M6t 1a phuong phap xay dung bang, biéu d6 va d6 thi twong quan.
Hai 1a 1ap bang chéo va xac dinh mbi quan hé bang kiém dinh . Ba la st dung
phuong phap phan tich hdi quy va twong quan. No6i chung, tiy theo muc dich
nghién cau va phuong phap thu thap sé liéu, trinh tu nghién cau mdi quan hé giira
cac loai cay gb dugc thuc hién theo 4 budc: (1) Xac dinh su ton tai cia mdi quan hé
gilta cac loai cay g0; (2) Xac dinh khuynh hudéng va cuong do cua méi quan hé gitra
cac loai cay go; (3) Phan tICh hdi quy dé xac dinh mtrc do anh huong cua loai cay
g0 nay dén nhing loai cay g0 khac; (4) Sir dung cac ham hoi quy dé ude lugng va
du doan bién phan hdi. No6i chung, tiy theo muc dich nghién ctru, phan tich su két
nhom giita cac loai cay gb trong QXTV cé thé dugc thuc hién day du theo 4 budc
hay chi mot s6 bude. Khi muc tiéu nghién ciru 13 x4c dinh nhitng loai cay gb co
quan hé voi nhau, thi nghién ciru chi ding lai & bude 1. Néu myc tiéu nghién ciru 1a
x4c dinh su tuong tac giita cac lodi cdy gd trong cac nhom sinh thai, thi qua trinh
nghién ctru phai trai qua 3 budc tir 1 — 3. Néu muc tiéu nghién ctru 1a xac dinh cac
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nhom sinh thai va dong thai bién doi cua chung theo thoi gian, thi qué trinh nghién
curu phai thuc hién qua 4 budc.

4.2. Phan tich sy két nhom giira cac loai ciy g6
4.2.1. Céc Kkiéu két nhom giira cac loai cay gb

_Trong sinh thai hoc va 1am hoc, ngudi ta phan chia sy két nhom giira hai hay
nhiéu loai cdy go trong QXTYV theo bon dang khac nhau.

Mot la su keit nhém~ém.,Kiéu két nhom nay phan anh sy gia ting d6 phong
phu cua loai cay go nay dan den sy suy giam d6 phong phu cua loai cay go khac.
Ban chat cua hién tugng nay la su canh tranh gitra cac loai cay go trong QXTV.

Hai la sw két nhdm duwong. Kiéu két nhdm ndy phan anh sy gia ting do
phong ph cua loai cay go nay kéo theo su gia ting d6 phong phu cua loai cay gb
khac. Ban chét cua hién tuong nay la sy cong sinh giira cac loai cay gd hoac sy hd
tro 1an nhau gitta cac 10ai cay gd trong qua trinh séng. Tir méi quan hé duong giita
cac loai cay go, ching ta xac dinh duoc nhiing loai cdy gd thudc cing mot nhém
sinh thai.

Ba la khdng ton tai su két nhom. Pidu d6 co nghia 14 su thay doi do _phong
phu cua loai cay go nay doc lap véi su thay d01 d6 phong phi cua loai cay gb khac.
Ban chét cua hién twong nay 1a cac loai cay gb phan bé doc 1ap vai nhau. Sy cung
c6 mat caa chung & mot noi & nao d6 c6 thé 1a do chlng cé bién d6 sinh thai giong
nhau.

Bén la sy phu thugc phirc tap. Mdi quan hé nay phan anh cac 10di cay gd
khong chi ¢6 quan hé véi nhau ma con quan h¢ véi nhiéu nhan t6 khac nhau.

4.2.2. Phwong phap phin tich sy két nhom giira cac loai cy gb
4.2.2.1. Phwong phdp héi quy va twong quan

_Phuong phap nay duoc ap dung trong truong hop d6 phong phu cua cac loai
cay gd duoc do bang nhiing don vi do nao do. Méi quan h¢ gitra cac loai cay go co
thé duoc phan tich biang hdi quy va twong quan don bién va da bién. Chi tiét cta
phan tich hdi quy va twong quan don bién va da bién duoc giéi thiéu & Chuong 5.
V& co ban, phan tich hdi quy va twong quan bao gom 5 budc co ban dudi day.

Budc 1. Thu thap sé liéu do phong pht cua nhiing loai cay gd quan tam trong
QXTV. b6 phong phu cua chung c6 thé 1a D, H, G, V va B; trong d6 ba bién quan
trong 1a G, V va B.

Budc 2. Phén tich mdi quan h¢ gitra timg cap loai cay g0. Mdi quan hé giita
hai loai cay gd duoc xac dinh bang phan tich twong quan giita d6 phong phu cua
chung. Két qua phan tich tuong quan cho biét cuong do va khuynh huéng cua mdi
quan h¢ gitra hai loai cay go. Cuong dd cia moi quan h¢ gila hai loai cay gb duge
danh gia theo d¢ lon cua hé s6 twong quan. Khuynh huéng cua moi quan hé giira
hai loai ciy gb duoc xac dinh theo ddu ctia hé sb turong quan.
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Budc 3. Xdy dung mo hinh hdi quy. Khi dic tinh cua cac loai ciy gd quan
tam biéu hién moi quan hé 5 rét, thi sir dung phan tich hdi quy dé xac dinh mé hinh
biéu dlen moi quan h¢ gitra chung. Vé ly thuyet cac bién phan hdi va cac bién giai
thich ton tai m6i quan hé rat phuc tap. Néu chi phan tich moi quan h¢ gitra hai loai
cay go, thi xdy dung m6 hinh hdi quy don bién. Néu phén tich méi quan hé gila
mot loai cdy gb véi nhicu loai cay go khac, thi xay dyng m6 hinh hdi quy da bién.
Trinh ty phan tich hoi quy bat dau tir xac dinh hinh thai cia mdi quan hé. Diéu nay
c6 thé duge thuc hién bang phuong phap biéu d6. Ké dén xdy duyng mo hinh biéu
di®n mdi quan hé giira cac dic tinh cia cac loai cay gd. Muc dich cua phan tich hoi
quy khong chi la xac dinh m6 hinh biéu dién tét khuynh huéng cua moi quan hé
gitra bién phan hoi va cac bién giai thich, ma con nhan duogc sai s6 udc lugng va sai
s6 du doan thap nhat. Thong thuong dang mé hinh thich hop dugc xac dinh bing
biéu d6 hodc tir nhitng nghién ciru trude d6. Tuy vy, véi cung sd liéu nhu nhau,
nha nghién ctru nay st dung mo hinh A, con nha nghién ctru khac lai chon m6 hinh
B. Vi thé, két qua udc lugng va dy doan co thé khac nhau. C4c hé s6 va céac thong
ké sai léch cia cac ham hoi quy dugc udc lugng bang phuong phap binh phuong
nhoé nhit hodc phuong phap phén tich hdi quy va tuong quan phi tuyén tinh. Mbi
quan hé va sai léch cua cac ham héi quy so Vo s6 liéu thyc nghiém duoc danh gia
theo hé sé xac dinh (r?) (Céng thic 4.1); sai sé tuyét dbi trung binh (MAE) (Cong
thire 4.2); sai s6 tuyét ddi trung binh theo phan trim (MAPE) (Cong thurc 4.3); téng
sai léch binh phuong (SSE) (Cong thure 4.4); sai Iéch chuan cua uéc luong (SEE)
(Cong thirc 4.5). O cong thic 4.1 — 4.5, Y1y 12 bién phan hoi thuc té; Ygq la bién
phan héi thuc té binh quan; Yu |a bién phan hoéi ude luong; p la s6 tham s6 trong
m& hinh. M6 hinh phu hop nhét duoc chon theo tiéu chuan SSEyy;, hodc SEEwn.

2=1- Zz((\@jﬂ YYL;:))z ]*100 (4.1)
MAE = | (Yt - Yu/n) | (4.2)
MAPE = (MAE/Y1y)*100 (4.3)
SSE =3 (Yn - Yu)2 (4.4)

SEE =+/SSE/(n —p) (4.5)

Budc 4. Phan tich m6 hinh hdi quy dé xac dinh vai trd cua cac bién giai thich
d6i voi bién phan hoéi. Pé xac dinh vai trd cta cac bién giai thich, trudc hét xay
dung ham hoi quy chuan hoa. Bién giai thich nao c¢6 hé sé hdi quy chuan hoa cao
hon cho biét bién d6 dong vai tro 16n hon d6i voi sy thay doi cia bién phan hoi.
Mirc do dong gop cua mdi bién giai thich dugce xac dinh bang don vi phan muoi
hoac don vi ph(:in tram. Chéng han: Hé sb cta bién X; = +1,2, con hé sb cua bién X,
= -1,05. Piéu d6 co6 nghia 14 khi bién X tang 1én 1 don vi, thi bién phan hoi Y ting
lén 1,2 1an hay 20%. Trai lai, khi bién X, tang 1én 1 don vi, thi bién phan hdi Y
giam 1,05 lan hay giam 5%.
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Budc 5. Ube lugng va du doan sy thay doi cua bién phan hdi. Uéc luong 1a
xac dinh cac gia tri cua bién phan hdi (Y) tir cac bién giai thich (X;); trong d6 ca hai
bién nay déu nam trong pham vi di thu thap dugc. Dy doan la xac dinh cac gia tri Y
tir cac bién X;; trong d6 ca hai bién nay déu nim ngoai pham vi d thu thap duoc.
bJ§ chinh xac cua udc luong va du doan khong chi phu thudc vao dang mo hinh
dugc chon, ma con vao phuong phap xay dyng mé hinh héi quy.

Phén tich mbi quan h¢ gitra nhiéu loai cay gb bang phuong phap héi quy va
tuong quan doi hoi cac bién duoc dinh lugng bang cac sd do rd rang. De nhan duoc
két qua v6i do tin cdy cao, nha 14m hoc can phai str dung dung lwong miu quan sat
16n. Pay 1a mot khé khin khong nho, boi vi dung luong mau quan sat 16n kéo theo
nhing tén kém vé thoi gian, nhan lyc va kinh phi. Nhitng kho khin nay sé ting lén
khi nha 14m hoc dinh luong sinh khéi cta cac loai ciy gb véi kich thuée 1on. Vi thé,
phuong phap nay it duoc ap dung dé phan tich sy két nhom giira cac loai cay gb
trong QXTV rung.

4.2.2.2. Phwong phap phan tich twong quan khong co thir biac

Phuong phap nay duoc ap dung khi d6 phong phu cua cac loai cay gd chi
dugc dinh luong bang do thuong gap (1 = bat gip, 0 = khong bét gip). Khuynh
huéng va cuong do cua moi quan hé gitra cac loai cay gd duoc xac dinh bang phan
tich trong quan khong c6 thir bac. Néu hai hay nhiéu loai ciy gd c6 quan hé chit
ché v6i nhau, thi x4c sudt bat gip ching & cing mot noi & s& nhan gia tri 16n.
Phuong phap nay duoc thuc hién theo 2 bude. Budc 1 1a kiém dinh tinh doc l1ap
gitra c4c loai cay gd bang théng ké . Budc 2 1a phan tich khuynh hudng va cudng
d6 két nhom gitra cac loai cay gb bang cac hé sé két nhom.

(a) Kiém dinh tinh déc 1gp giiza cac loai cdy go. Tinh doc lap gitra cac 10ai
cay gb trong QXTV dugc kiém dinh bang cach lap Béng chéo R*C (R = s hang, C
= 0 cot) va kiém dinh tinh dgc lap bang thdng ké . Khi kiém dinh méi quan hé
gira hai loai cay go thi lap Bang chéo 2*2 (Bang 4.1); trong do (1) = bat gip loai A
va B; (0) khong bit gap loai A vaB;a=5s60 mau cung xuat hién loai A va Ioal B;b
= s6 6 mau chi xuat hién loai B; ¢ = s6 6 mau chi Xuat hién loai A; d = s6 6 mau
khong bat gip ca hai loai A va B; (a + b) = tong s6 6 mau bat gap loai B; (a + ¢) =
tong s6 & mau bt gap loai A; N = tong s6 6 mau nghién ciu.

Bang 4.1. Bang phan tich mdi quan hé giita hai loai cay gb.

Loai cay A 2 A
Bat gap D ©) Tong theo cot
(1) a b (@a+b)
Loai cay B () (b”)
(0) C d (c+d)
| © @
Tong theo hang (a+c) (b +d) N

Bén tan sb 6 maiu uéc luong (a’, b’, ¢’ va d’) dugc xac dinh theo cong thirc
4.6 — 4.9. NOi chung, cac tan so udc lugng trong moi 6 cua Bang 2*2 duogc xac dinh
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bang céch nhan tong s6 6 miu & cudi cot véi tong s6 6 mau & cudi hang va chia cho
tong s6 6 mau nghién ctu.

a’=(a+Db)*(a+c)/N (4.6)
b’=(a+b)-a’=(b+d)*(a+b)/N 4.7)
c’=(at+c)-a’=(a+tc)*(c+d)/N (4.8)
d’=(b+d)-b=(b+d)*(c+d)/N (4.9)

Sau khi xac dinh cac tan s6 6 mau udc luong tir Bang 2*2, tinh doc lap cua
hai loai cay g5 duoc Kiém dinh béng théng ké Xz (Cong thirc 4.10).
- (ad - bc)’N
X = (a+b)(c+d)(a+c)(b + d)

Kiém dinh % dugc tinh theo cong thic 4.10 chi trong truong hop tin sé 6
mAu trong Bang 2*2 déu 16n hon 5 hay 75% s6 6 ¢6 tan s6 16n hon 5. Khi diéu kién
nay khong thoa man, thi kiém dinh X dugc hi¢u chinh theo kiém dinh x cua Yates
(Cong thirc 4.11); trong d6 2.R; = Tong tan s6 o cudi hang, X.C = Téng tan s6 & cudi
cot, N = Téng sé quan sét.

(lFOuan sat ~ FU'c’yc hrongl - 05)2

(4.10)

X Yates = 2(i=1,n)" FUse luone (4.12)
_2R*2.C;
FU'('yc lugng — N

Gia thuyét Ho+: Hai loai cay gb khong c6 quan hé véi nhau.
ba1 thuyet Hy.: Hai loai cay go c6 quan h¢ vdi nhau.

Quy tic quyét dinh. Néu 2 > %5 hodc P < 0,05, thi hai loai ciy gd cd quan
hé vé6i nhau. Nguoc lai, néu x* < x%00s) hoic P > 0,05, thi hai loai cay gb khong co
quan hé véi nhau

(b) Xdc dinh cuong dé két nhom giira cac loai cdy goé. Khi hai loai cay gb co
két nhém vai nhau, thi budc tiép theo 1a xac dinh cudng do két nhdm va khuynh
hudéng két nhom giira chung. Hai dic tinh nay dugc do bang cic hé sb két nhom.
Cuong do két nhom gitra céc loai cay gd duoc danh gia theo do 16n cia hé sd két
nhém. Néu hé s6 két nhom ton tai va mang gia tri duong, thi hai lodi ciy gb c6 quan
hé hd tro 14n nhau. Trai lai, néu hé sb két nhom ton tai va mang gia tri am, thi hai
loai cay gd canh tranh voi nhau vé& ngudn séng trong ciing noi 6.

Duéi day gi6i thiéu mot sé6 phuong phap xac dinh cuong d6 va khuynh
huéng két nhom giira hai loai cay gb.

(b,) Hé sé Forbes. Theo Forbes (1925; Dan theo Vasilevich, 1969), hé sé do
cuong d6 cua mdi quan hé gitta hai loai cay gd duoc tinh theo cong thac 4.12.
Trong tru:(yng hop do cuong do két nhom gitra hai loai cay go hé s F cho biét tty 1¢

s6 6 mau clng bat gap ca hai loai so véi tri s6 ky vong. Néu hai loai cay gd phu
thudc hoan toan vao nhau (a = N), thi F = 1. Khi hai loai cdy g c6 mdi quan hé
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nghich (a = 0), thi F = 0. Nhuoc diém cua hé s6 F 1a khong cho biét chiéu huéng
cua moi quan hé.

aN _a
(@+b)(a+c) a

F= (4.12)

(bz) Hé s6 Pearson. H¢ so Pearson (Dan theo Vasilevich, 1969) duoc tinh
theo cong th(rc 4.13. Thicu so6t co ban cua hé so nay |qa khﬁlng cho biét khuynh
hudng ctia moi quan hé gitra cac loai 1a dwong hay am. B¢ hé s6 R nhan gia tri bang
+ 1, thi (a + b) = (a + ¢). Diéu nay chi xay ra khi d¢ thuong gap cia hai loai cay gb
I4 bang nhau, nghia 1a chiing phan b6 déu trong QXTV.

ad - bc
V(@+b)@a+c)b +d)(c+d)

(bs) Hé s6 Yule. Yule (1920; Dan theo Vasilevich, 1969) dé xuat h¢ so do
cuong do cuia moi quan h¢ gitra hai loai cay go theo cong thirc 4.14. H¢ s6 Q nhan
gid tri tir -1 dén +1.

_ad-bc
~ ad+bc

(bs) Hé s6 Cole. Theo Cole (1949; Dan theo Vasilevich, 1969), mbi quan hé
gitra hai loai cay gb dugc xac dinh theo cong thire 4.15. Cong thuc (4.15) chi dugc
st dung trong trudng hop moi quan h¢ gitra hai loai cay go la duong, nghia 1a khi ad
> be. Nguoc lai, khi hai loai cay go c6 méi quan hé am, thi hé sé C duoc xac dinh
theo cong thirc 4.16. Khi a > d thi hé s6 C duogc xé4c dinh theo cong thirc 4.17.

(ad - bc)

R =

(4.13)

(4.14)

C="a+b)b+0d) (4.15)
(ab - bc)

C=G+b)@+0) (4.16)
ad - bc

Bang 4.2 dan vi du phan tich mdi quan hé gita hai loai cay Luzula
multriflora va Leucandenum vulgare. Tir s6 liéu & Bang 4.2, ching ta co:

Hé s6 Fobes: F = (66*500)/(120*180) = 1,54.

Hé sb Pearson: R = (66 * 266 - 54*114)//(120*180*320*380) = + 0,22.

Hé sb Yule: Q = (66*266 - 54*114 )/(66*266 + 54*114) = + 0,48,

Hé s6 Cole: C = (66*266 - 54*114)/(120*320) = + 0,30.

(bs) Hé sé6 Lambda. Hé s6 Lambda (1) dugc xac dinh theo cong thic 4.18. O
cong thuc 4.18, sai s6 truéc 1a nhiing sai 1am pham phai khi du doan cac tri s6 cua
bién phu thuéc ma khdng ké dén bién doc 1ap. Sai s6 sau la nhitng sai 1am pham
phai khi dir doan cac tri s6 caa bién phu thuoc ma cé ké dén bién doc 1ap.
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Bang 4.2. Mdi quan hé giira Luzula multriflora va Leucandenum vulgare. Nguén:
Vasilevich, 19609.

Loai cay L. multiflora 2 A
Bt gip @ ) Tong theo cot

(1) 66 54 120

L. vulgare (43) (77)
0) 114 266 380

(137) (243)
Tong theo hang 180 320 500

(Sai s6 trude - Sai s sau)
= Sai 6 trudc (4.18)

(bs) Hé s6 Phi va Cramer’V. H¢ s6 Phi va Cramer (V) dugc xdc dinh theo
cong thie 4.19; trong d6 N la tong s 6 mau nghién ctru, K la so6 hang hoac so6 cot
nho nhét cia bang R*C. Gia tri y° dugc xac dinh theo cong thirc 4.10.

L
V= NK D) (4.19)

(b;) Hé sé ngau nhién. Hé s6 ngau nhién (C) duoc xac dinh theo cong thic
4.20; trong d6 N 1a tong s6 6 mau nghién ctru. Gia tri x2 dugc xac dinh theo cong
thure 4.10.

C= zzxm (4.20)

Ba hé s6 A, V va C déu nhan céc gia tri tir 0 + 1. Gié tri 0 cho biét bién phu
thuoc khong co quan hé voi bién doc 1ap. Trong trudng hop nay, bién phu thugc
khong thé du doan bang bién doc lap. Nguoc lai, ba hé sd nay ton tai va cang gan
bang +1 cho biét hai bién c6 quan hé chat ché véi nhau. Vi thé, bién phu thudc co
thé duoc dy doan bang bién doc Iap Khi ap dung vao phan tich su két nhom giira
cac loai cay gd, ching ta néi “Do bat gip cua loai cdy gb nay CO thé duoc du doan
bang do bat gip cua loai cdy gd khac”. Muc do giam ty I¢ sai s6 khi sir dung bién
nay dé du doan bién kia dugc dénh gia theo sd do tinh ddi xtng (Symmetric
Measures).

Ba hé s6 A, V va C nay cung cap 2 nhom s6 do khac nhau. Nhém mot 13 sb
do xu huéng (Directional Measures) cua méi quan hé giira cac bién. Nhom hai 1a sb
do tinh d6i xirng (Symmetric Measures) hay su tuong dong cta cac bién. Nhiing hé
s6 do xu hudng cho biét muc do giam ty 1é sai s6 khi sir dung bién nay dé dy doan
bién kia. Nhém nay bao gdm hé s6 Lambda, hé sé Goodman va Kruskal’s tau va hé
s6 khdng chic chian cua mdi quan hé (Uncertainty Coefficient). Néu ca ba hé sb nay
déu cho két qua nhu nhau, thi két luan nhan dugc cang chinh xac. Nhirng s6 do tinh
d6i xing khong chi cho biét mic d6 quan hé giira cac bién, ma con ca mac giam ty
I&6 trong sai s6 du doan. Nhém nady bao gdm hé sé Phi, hé sb ngau nhién
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(Contingency Coefficient) va hé s6 Cramer’s V. Nhitng hé s6 nay c6 thé tim thiy
trong nhitng phan mém thong ké SPSS va STATGRAPHICS.

4.2.2.3. Phirong phdp phén tich méi quan hé giiwa nhiéu loai ciy g6

Rung ty nhién hdn loai nhiét di bao gdm nhiéu loai cay gd khac nhau. Mot
loai cay gb nao d6 khong chi ¢6 quan h¢ voi mot loai cay gd khac, ma con voi rat
nhiéu loai ciy gb khac. Vi thé, phan tich moi quan hé gitta hai loai cay gb voi nhau
chua thé 1am rd tinh phtrc tap ciia mdi quan hé giira cac loai cay go trong QXTV.
Vén dé nay chi dugc lam rd bang phwong phap phén tich mdi quan hé giita nhiéu
loai cay go trong QXTV.

Phuong phap héi quy va ‘tuong quan riéng phan trong héi quy da bién 1a
cong cuy hiru ich dé phan tich mbi quan h¢ gitra cac loai cay gd trong QXTV. Ban
Chat Cua phuong phap nay la tinh hé s6 twong quan khi cac gia tri cua mot hOaC mat
s6 bién doc 1ap duoc cb dinh. Pidu d6 cho phép loai trir anh huéng cua mot sé nhan
td dén quan hé cua cac dai lugng nghién cau.

Gia str nghién clru truong quan gitta ba dai luong. Trong truong hop nay, hé
s6 tuong quan riéng phan duogc xac dinh theo Cong thic 4.21. O cong thic 4.21,
ro) la hé sb twong quan gitra dai lugng 1 va 2 khi ¢ dinh dai luong 3; rip, I3 VA I3
tuong tng 1a hé sé twong quan cap giira dai luong 1va 2, 1va 3, 2 va 3.

. _ (2 - I3 I23)
120) \/(l - r213. )1 - r223)

Phuong phap phan tich twong quan riéng phan khéng chi cho phép xac dinh
tuong quan cap giira céac loai ciy gd, ma con ca muc anh huéng 1an nhau gilra cac
loai cay gd trong cac cac nhom sinh thai. Vé mat sinh thai hoc va 1am hoc, néu cac
hé sb tuong quan riéng phan khac nhau khong rd rét, thi su két nhém nay khong
phai la do quan hé qua lai giira cac loai ciy gd. Su cling c mit cua cac loai cay gb
trong QXTV nay la do chiing c6 sy tuong dong vé bién do sinh thai. P6 1a phuong
phap luan dé phan tich két cau loai cay gd va ciu trac ciia QXTV rimng.

Theo Cole (1957; Din theo Vasilevich, 1969), khi phén tich su két nhém cua
nhiéu loai cay gd bang twong quan riéng phan, trinh ty nghién ciru bao gdom mat sb
budc sau day.

(4.21)

Budce 1. Phan tich méi quan h¢ gilta tung cap loai cay g0 trén tat ca cac 6
mau thu thap dugc. H¢ s6 két nhom nay dugc goi la h¢ s6 két nhom day du. Piéu
nay c6 nghia la h¢ s6 két nhom gitra hai loai cay g0 trén tat ca cac 6 mau bat gip
hay khong bat gip cac loai cay gd khac.

Budc 2. Phan tich anh hudng cua loai cdy gb thir ba dén mdi quan hé giira
loai cay g 1 va loai cay gd 2. Pé lam rd quan hé nay, cac 6 mau duoc phan chia
thanh hai phan; trong d6 phan tht nhat 1a nhiing 6 mau bt gap loai cay ciy gb thu
3, con phan thir 2 1 nhitng 6 mau khong bat gap loai cay gd thir 3. Sau d6 thuc hién
2 phan tich riéng biét: (a) Xéac dinh hé s6 két nhom giira hai loai 1 va 2 trén nhing 6
mau bat gap loai thir 3 (Ki hiéu C;); (b) Xac dinh hé s két nhom giira hai loai 1 va
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2 trén nhitg 6 mau khong bt gip loai thir 3 (Ki hiéu Cy). Cac hé sé két nhém tinh
theo céch phan tich nay duoc goi 1a hé sb két nhoém riéng phan. So sanh hai hé sb
két nhom riéng phan C,; va C, khong chi cho phép danh gid quan hé giita hai loai 1
va 2, ma con xac dinh anh huéng ciia loai thir 3 dén sw phan b ctia hai loai 1 va 2.
Su khac nhau giita hai hé sé két nhém riéng phan C; va C, duoc kiém dinh bang
thong ké T (Cong thiic 4.22); trong d6 ¢; (Cong thirc 4.23) 14 sai s6 cua hé sd két
nhom trén nhitng 6 mau bat gip lodi thir 3, 8¢, (Cong thirc 4.24) 1a sai s6 cua hé sd
két nhém trén nhitng 6 mau khong bét gip loai tha 3. O cong thuc 4.23 va 4.24, N,
la tong s6 6 mau bat gap loai thir 3; N, 1a tdng s6 6 mau khong bat gap loai thir 3; ay,
by, ¢, va d; 14 tn sb & mau trong bang chéo dung dé tinh quan hé gitra loai 1 va loai
2 trén nhitng 6 bat gap lodi 3; ay, by, ¢, va d, 1a tan sé 6 mau trong bang chéo dung
dé tinh quan hé giira loai 1 va loai 2 trén nhitng & mau ving mit loai 3.

7= =G (4.22)
\/Oc1 *+ Oc2

(@i+by)*(bs+dy)
e =\ | TNy (artc)*(c,+00) (4.23)
Sy = (ax+hy)*(botds)
c2 - (N2*(az+cy)*(cotdy))

Néu T < T(O 0s) thi su khac biét gitra hai h¢ s6 két nhom riéng phan 1a khdng
cé ¥ nghia. Piéu nay co6 nghia la su xuat hién cua Ioal thir 3 anh hudng khong dang
ké dén su phan bé cua loai 1 va loai 2. Ngugc lai, néu T > T.0s) thi su Xuat hién cua
loai thir 3 anh huong dang ké dén su phan b cua loai 1 va loai 2.

(4.24)

Trong truong hop phén tich su két nhom cua 4 loai cay gd tré 1én, cach thire
phan tich ciing dugc thyc hién twong ty nhu phan tich quan hé gitra 3 loai cay gd.
Tuy vay, chung ta can phai tinh toan qua rat nhiéu budc khac nhau. Gia thiét nghién
ctiu su két nhom gitra 4 loai cay gd (Sao den, Dau con rai, Cay, Cam). Pé xac dinh
cac nhom sinh thdi, trinh ty tinh toan bao g@)m 4 budc.

Budc 1. Phan tich mdi quan hé giira timg cip loai: (1) Sao den va Dau con
rai; (2) Sao den va Cay; (3) Sao den va Cam; (4) Dau con rai va Cay; (5) Dau con
rai va Cam; (6) Cay va Cam.

Budc 2. Phan tich quan hé gitra mot loai cay gd voi 2 loai cAy gb khac: (1) =
Sao den — (Dau con rai + Cay); (2) Sao den — (Dau con rai + Cam); (3) Sao den —
(Cay + Cam); (3) Dau con rai — (Sao den + Cay); (4) Dau con rai — (Sao den +
Cam); (5) Dau con rai — (Cay va Cam); (7) Cay — (Sao den + Dau con rai); (8) Cay
— (Sao den + Cam); (9) Cay — (Dau con rai + Cam) (10) Cam — (Sao den + Dau con
rai); (11) Cam — (Sao den + Cay); (12) Cam — (Dau con rai + Cay).

Budc 3. Phan tich quan hé gitta mot lodi cAy gb véi 3 loai cay gd khac: (1)
Sao den - (Dau con rai + Cay + Cam); (2) Dau con rai — (Sao den + Cay + Cam); (3)
Cay — (Sao den + Dau con rai + Cam); (4) Cam — (Sao den + Dau con rai + Cam).
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Phan tich m01 quan h¢ gitra ting cap loai cay gd duoc goi la phan tich don
bién. Phan tich mdi quan hé gitra mot loai cdy gd voi 2 hay nhiéu loai cay go khac
dugc goi la phan tich da bién. Khi xéc dinh quan h¢ gitra 1 Ioal ciy gb Véi to hop 2
loai cay gd khac, thi nhimg 6 mau bét gip ca hai loai cay go duoc ma hoa bang 1.
Trai lai, nhitg 6 mau chi bat gip 1 loai cay gd hoic khong bét gip ca 2 loai ciy gb
dugc ma hoa bang 0. Cach ma hoa nay cting dugc ap dung cho truong hop nghién
ctru quan hé da blen gitra 1 Ioal cdy gb Véi to hop 3 hay nhiéu lodi cay gb khéc.
Trong phan tich sb liéu, cac mdi quan hé trén day cung duoc lap thanh Bang chéo
2*2. Sau d6 xac dinh cac mdi quan hé bang kiém dinh x°.

Budc 4. Phan tich mdi quan hé cia cac loai cdy gb trong cac nhom sinh thai.
Vén dé nay duoc 1am 1 thong qua phan tich xu huéng va cudng do két nhom (du
va do 16n cua hé s6 két nhom) va ty 1é giam sai sd trong viée sir dung loai nay dé dy
doan muc do bat gap loai khac. Mbi quan hé cua céc loai cdy gd trong cic nhom
sinh thai ciing dugc xac dinh theo ba hé sé A (Cong thirc 4.18), hé s6 V (Cong thic
4.19) va hé s6 C (Cong thirc 4.20).

Budc 5. Xac dinh cic nhom sinh thai. Nhom sinh thai bao gom nhitng loai c¢6
mdi quan hé duong v6i nhau. Trong trudng hop & vi du nay, nhoém sinh théi c6 thé
bao goém 2, 3 va 4 loai. Néi chung, s6 luong nhom sinh thai it hay nhiéu phu thudc
vao muc tiéu nghién ciru. Nhitng nhém sinh thai duoc chon 13 nhitng nhom cay gd
c6 hé s6 két nhém cao hodc nhom chira nhitng loai cay gd vu thé va dong wu thé.

4.2.2.4. Phan tich sw két nhém giita cdc lodi cdy go bang phin mém SPSS

Gia sir phan tich su két nhom sinh théi giira 4 loai cay gb: Tric (Dalbergia
cochinchinensis), Ha nu (Ixonathes reticulata Jack), Cho xot (Schima superba
Gard.& Champ) va Lanh nganh (Cratoxylum maingayi Dyers in Hook.f). Do bat
gap cua 4 loai cay gd nay trong QXTV duoc xac dinh tir 250 6 rnau voi kich thudce
200 m?. Céc 6 mau duge bb tri trén cac tuyén 'song song; mdi tuyén cach nhau 300
m. Trong phan xir Iy s6 liéu, xac dinh: (1) Mbi quan hé gitra tung cdp loai cay 20;
(2) Anh huéng ctia Cho x6t va Lanh nganh dén méi quan hé giita Tric va Ha nu.

Noi dung 1. Phan tich moi quan hé giita timg cap loai cay gb. Cac cap loai
cay gd can phan tich 1a Tric — Ha nu; Tric — Cho x6t; Tric — Lanh nganh Ha nu +
Cho x6t; Ha nu — Lanh nganh. Gia thuypt Ho": Hai loai cay go khong két nhom voi
nhau. Doi thuyét Hy: Hai loai cay go két nhém véi nhau. Kiém dinh nay dugc thuc
hién qua ba budc.

Bude 1. Trude hét mo SPSS va ghi tén 4 loai cdy gd va do bt gap cua ching
vao 5 cOt lién tiép nhau (Hinh 4.1).

Budc 2. Xay dung Bang chéo 2*2 giita Trac va Ha nu theo duong dan:
Analyze > Descriptive Statistics > Crosstabs. Dén day mot ctra s6 xuat hién. Tai ctra

s6 nay, chon Tric va Ha nu va chuyén ching vao hai 6 Row(s) va Column(s) (Hinh
4.2). Béi vé6i nhitng cip loai khac, cach giai quyét ciing duoc thyuc hién tuong tu.
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Hinh 4.2. Xac dinh su két nhom gitta cac loai cay gd.

Budc 3. Xac dinh mdi quan hé, xu huéng va cuong do cia mdi quan hé giira
Trac va Ha nu. Bé dat duoc muc dich nay, trudc hét chon Statistics & Hinh 4.2. Pén
day mot cua s6 Crosstabs xuat hién. Ké dén tai cira s6 nay chon kiém dinh Chi —
square (xz) va 4 théng ké dinh danh ¢ 6 Nominal (Contingency Coefficient; Phi and
Cramer’s V; Lambda; Uncertainty Coefficient). Bon thong ké nay tinh toan xu
huéng va cudng do ciia mdi quan hé giita cac loai (Hinh 4.3). Luu ¥ rang chon ca 4
théng ké nay dé dam béo do tin cay cua két qua nhan dugc.

Budc 4. Xéc dinh két qua kiém dinh tinh doc lap cua hai loai Tric va Ha nu
bang kiém dinh x*. D& dat muc dich nay, trude hét chon Continue ¢ Hinh 4.3; sau
do chon OK ¢ Hinh 4.2. Pén day chuong trinh bao cio 4 két qua (Bang 4. .3). Bang
4.3a bao céo tom tat xir y cac truong hop (Case Processing Summary). Néu s6 liéu
dua vao bang SPSS 1a dung (Valid), thi két qua nhan dugc N = 250 hay 100%. Khi
N khéc 100%, thi kiém tra lai sai st dbi v6i sé lidu dau vao.
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Hinh 4.3. Kiém dinh mdi quan hé giita cac loai cay gd.

Bang 4.3. Két qua kiém dinh mdi quan hé giita Trac va Ha nu.
4.3a. Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
Trac * Hanu 250 100.0% 0 0.0% 250 100.0%
4.3b. Trac * Hanu Crosstabulation
Ha nu
0 1 Total
Tric 0 26 34 60
1 28 162 190
Total 98 54 250
4.3c. Chi - Square Tests
Value df Significance Sig. Sig.(1-sided)
Pearson Chi-Square 22.020° 1 .000
Continuity Correction 20.364 1 .000
Likelihood Ratio 19.907 1 .000
Fisher's Exact Test .000 .000
Linear-by-Linear 21932 1 .000
N of Valid Cases 250
4.3d. Directional Measures
Appro. Significanc
Value Error® T e
Nominal  Lambda Symmetric .000 .000
by Trac Dependent 000  .000
Nominal Ha nu Dependent .000 .000
Goodman Trac Dependent .088 041 .000°
and Kruskal  Ha nu Dependent .088 041 .000°
Uncertainty ~ Symmetric 074 034 2171 .000°
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Coefficient ~ Tric Dependent 072 033 2171 .000°
Ha nu Dependent ~ .076 035 2171 .000°

4.3e. Symmetric Measures
Value  Significance

Nominal by Nominal Phi 0.297 0.000
Cramer's V 0.297 0.000
Contingency Coefficient ~ 0.285 0.000
N of Valid Cases 250

Bang 4.3b bao cdo tdn s6 6 mau bét gip (1) va khong bat gip (0) Trac va Ha
nu. Bang 4.3¢ bao cdo 5 kiém dinh y* (Pearson; Continuity Correction; Likelihood
Ratio; Fisher's Exact; Linear-by-Linear). Cac kiém dinh nay déu bao céo gia tri
(Value) va muc y nghia thong ké (Significance). Néu cac tan sé trong 4 6 ciia bang
2*2 nhé hon 5, thi mirc ¥ nghia cia kiém dinh dugc xac dinh theo kiém dinh Fisher.
Béivi P (Slgnlflcance) <0, 01, nén Tric va Ha nu ¢6 quan h¢ voi nhau. Bang 4.3d
bao cao két qua phén tich xu huong ctia mdi quan h¢ gitra Trac va Ha nu bang ba h¢
s6 Lambda, Goodman va Kruskal tau va hé sé khong chic chin cia mdi quan hé
(Uncertainty Coefficient). Thuc cht cia Bang 4.3d cho biét murc giam sai s6 khi sir
dung do bét gdp cua Ha nu dé dyu doan do bat gap cua Tric va nguoc lai. Tiéu chuin
Lambda = 0 cho biét néu str dung do bat gap cua Trac dé du doan do6 bat gap cua Ha
nu, thi mc gidm sai s6 du doan 13 0. Trai lai, theo tiéu chuian Goodman va Kruskal
va Uncertainty Coefficient, mirc giam sai s6 dy doan do bat gip cua Tric tir do bat
gdp cua Ha nu tuong ung 1a 8,8% va 7,2%.

Bang 4.3e bao céo két qua phan tich cuong do cia mbi quan hé giira Tric va
Ha nu bang ba hé sé (Phi, Cramer's V va Contingency Coefficient). Tir ba hé s6 nay
cho thdy, Tric va Ha nu c6 quan hé véi nhau (P < 0,01) va cuong do quan hé kha
chat ché (Phi = 0,297, Cramer's V = 0,297 va Contingency Coefficient = 0,285). Ba
hé s6 nay déu mang gia tri dwong chimg t6 hai loai Trac va Ha nu hd tro 14n nhau
trong qua trinh séng.

Noi dung 2. Phén tich anh huéng cia Cho x6t dén mbi quan hé giita Tric va
Ha nu. Nhitng phan tich & ndi dung 1 cho thdy Trac va Cho x6t c6 quan hé voi
nhau. Tuy vdy, QXTV nay khéng chi c6 hai loai Tric va Ha nu, ma con nhiéu loai
cay gb khac. Vi thé, nhitng phan tich & budc ndy nham tra 1oi cau hoi: Tric c6 quan
h¢ thyc sy voi Ha nu hay 1a n6 ¢6 quan hé voi Cho xot? Pé 1am 16 cau hoi nay, cac
6 mau duoc phan chia thanh 2 nhém. Nhém 1 bao gom nhitng 6 mau bat gap Trac
va Ha nu nhung khong bat gap Cho x6t. Nhom 2 bao gom nhiing 6 mau bat gip ca
ba loai Trac, Ha nu va ca Cho xét. O m01 nhom, phan tich riéng r€ quan hé gitra
Trac va Ha nu. Sau d6 so sanh cac h¢ s6 két nhom riéng phan giita hai nhom de lam
16 vai tro cua Cho xot trong m01 quan h¢ gita Tric va Ha nu. Khi hai hé sb két
nhom trong hai nhom nay déu ton tai, thi Trac va Ha nu quan hé thuc su vOi nhau.
N6i cach khéc, sy c6 mat cia Cho x6t trong QXTV khong anh hudng dén mdi quan
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hé gitta Tric va Ha nu. Tréi lai, néu hé s6 két nhom gitra Tric va Ha nu chi ton &
nhém c6 mat Cho x6t, thi Cho x6t anh hudéng dén moéi quan h¢ gitra Trac va Ha Nu.
Tat ca nhitng phéan tich trén day dugc xur ly theo 3 budce dudi day.

Budc 1. Xay dung cac Bang cheo 2*2. De dat duoc muc dich nay, tai cira s6
& Hinh 4.2, chon Cho x6t va chuyén vao cira s6 Layer 1 of 1 (Hinh 4.4).

P P e N = — 2
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[
L Raw(s) Exnci )
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& Tholnganh l | | _alattstics . J
Cals.. |
‘S;()lllvv\lldk) [ Format. ,
@oH Hanu
- l (T
= Boolu_pp J
1 1
LoDNest |
| & Choxot |
. M| ‘
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Hinh 4.4. Xay dung bang chéo dé phan tich quan hé giita ba loai cay gb.

Budc 2. Kiém dinh anh huong cia Cho x6t dén mdi quan hé gitta Trac va Ha
nu. Gia thuyét Ho Su ¢6 mit cua Cho x6t trong QXTV khong anh hudng dén mdi
quan h¢ giira Tric va Ha nu. Gia thuyét nay bi bac bo khi mirc ¥ nghia (P) ¢ nhiing
6 mau bat gap Cho x6t nhé hon 0,05. Pé klem dinh gia thuyet nay, trudc hét chon
Statistics & Hinh 4.4. Dén day mot cua s6 Crosstabs xuat hién. K& dén tai ctra s
nay chon kiém dinh Chi — square (%) va 5 théng ké (Pearson; Continuity
Correction; Likelihood Ratio; Fisher's Exact; Linear-by-Linear) biéu thi xu huong
va cudng do ciia moi quan hé gitra cac loai gibng nhu ¢ Hinh 4.3. Sau d6 chon OK
dé nhan két qua phan tich anh hudng ciia Cho x6t dén mdi quan hé gitra Tric va Ha
nu. Két qua bao cio 4 noi dung: (1) Tém tat xtr 1y cac truong hop (Case Processing
Summary); (2) Bang chéo Tric * Ha nu * Cho xot; (3) Cac s6 do xu hudng cua moi
quan h¢ (Directional Measures); (4) Cac sd do tinh d6i xtmg hay cudong do cuia mbi
quan hé (Symmetic Measures). Dé 1am rd cau hoi “Tric c6 quan hé thuc su voi Ha
nu hay 14 né quan hé véi Cho x6t?”, ching ta phan tich méi quan hé giita Tric va
Ha nu trong hai nhom 6 mau bat gip (1) va khong bat giap (0) Cho xot (Bang 4.4).

O nhém 6 miu khong bat gip (0) Cho x6t, ca ba hé sd Phi, Cramer's V va
Contingency Coefficient déu nhan gia tri bang 0,218 véi P = 0,028. Piéu d6 cho
biét Tréc va Ha nu c¢6 quan hé véi nhau. O nhém 6 mau bat gip (1) Cho xot, ca ba
hé sé Phi, Cramer's V va Contingency Coefficient deu nhén gia tri bang 0,305 voi P
<0,01. Didu d6 cho biét Cho xot anh hudng dén mbi quan hé gitta Trac va Ha nu.
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Bang 4.4. Kiém dinh anh huong ctia Cho x6t dén méi quan hé giita Tric va Ha nu.

Symmetric Measures

Cho x6t Value Significance
0 Nominal by Phi 218 .028
Nominal Cramer's V 218 .028
Contingency 213 .028
Coefficient
N of Valid Cases 101
1 Nominal by Phi 305 .000
Nominal Cramer's V 305 .000
Contingency 292 .000
Coefficient
N of Valid Cases 149
Total Nominal by Phi 297 .000
Nominal Cramer's V 297 000
Contingency 285 .000
Coefficient
N of Valid Cases 250

Budc 3. Kiém dinh anh huéng cta Cho x6t va Lanh nganh dén mdi quan hé
gifra Tric va Ha nu. Gia thuyét Hy": Su c6 mit cua Cho x6t va Lanh nganh trong
QXTV khong anh huéng dén mdi quan hé giira Trac va Ha nu. Gia thuyét nay bi
bac bo khi mirc ¥ nghia (P) & nhitng 6 mau bat gip Cho x6t va Lanh nganh nho hon
0,05. Bé kiém dinh gia thuyét nay, trudc hét xdy dung Bang chéo 2*2 (Hinh 4.5).
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Hinh 4.5. Xay dung bang chéo dé phan tich anh huong ciia Cho x6t va Lanh
nganh dén moi quan hé gitra Trac va Ha nu.

Luu ¥ riang, nhitng 6 mau cing bit gip Cho x6t va Lanh nganh duoc ma hoa
= 1. Trai lai, nhitng 6 mau khong bét gip ca Cho x6t va Lanh nganh hodc chi bat
gap 1 trong 2 loai dugc ma hoa = 0. Sau d6 phan tich anh huong cta Cho x6t va
Lanh nganh dén méi quan hé giita Trac va Ha nu theo 2 budc trén day. Két qua
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phan tich (Bang 4.5) cho thiy, & nhém 6 mau khong bat gip (0) Cho x6t va Lanh
nganh, ca ba hé sé Phi, Cramer's V va Contingency Coefficient déu nhan gi tri
bang 0,258 voi P < 0,01. Piéu d6 cho biét Tric va Ha nu c6 quan hé véi nhau. O
nhém 6 mau bat gip (1) Cho x6t va Lanh nganh, ca ba hé s6 Phi, Cramer's V va
Contingency Coefficient déu nhén gia tri bang 0,297 véi P < 0,01. Diéu dé cho biét
Cho x6t va Lanh nganh anh huéng dén mdi quan hé giita Trac va Ha nu.

Bang 4.5. Kiém dinh anh huéng caa Cho x6t va Lanh nganh dén mdi quan hé gitra
Tric va Ha nu.

Symmetric Measures

Cho x6t + Lanh nganh Value Significance
0 Nominal by Phi 258 .001
Nominal Cramer's V 258 .001
Contingency .249 .001
Coefficient
N of Valid Cases 171
1 Phi .346 .002
Cramer's V .346 .002
Contingency 327 .002
Coefficient
N of Valid Cases 79

4.2.3. Phwong phap thu miu trong phén tich sw két nhém giira cac loai ciy gb

Do chinh xac ctia phan tich su két nhom giita cac loai cay gd phu thudc vao
phuong phap thu mau. Tri s6 va dau ciia hé s6 két nhom thay doi tiy thuoc vao kich
thugc 6 mau. Khi thay doi kich thudc & mau, thi s két nhom cua céc loai cay gb co
thé thay ddi. Noi chung, xac dinh kich thudc 6 mau thich hop trong nghién ctu su
két nhom gitra cac loai cay g 1a mot van dé rat phac tap. Tinh phuc tap biéu hién ¢
chd, kich thudc 6 mau lén co thé bao trum Ién nhiéu loai, con kich thudc 6 mau nho
chi bao trim 1én mét s6 loai hodc chi mot loai. Khi kich thugc 6 mau cang I6n, thi
d6 thuong gap cua cac loai cay gd cang cao. Khi kich thuéc 6 mau cang nhd, thi do
thuong gép cua cac loai cay go cang nho. Trong ca hai truong hop nay, két qua phan
tich sy két nhom gitra cac loai cay gd déu dua dén két luan kém tin cay. Kich thuoc
6 mau lén con 1am gia ting khdi luong do dac va tinh toan. Vi thé, xac dinh kich
thugc 6 mau thich hop dé nhan duoc két qua chinh xéac va khach quan 1a mot van dé
can dugc quan tam.

Vé ly thuyet kich thudc 6 mau thich hop phai phan anh dung quan hé gita
cac loai cay go. Hai loai cdy gd chi ton tai mdi quan h¢ véi nhau khi h¢ thong tan
hodc hé théng ré cua ching giao nhhau ca theo chiéu dung va chiéu ngang. Trong
thuc té, su giao tan gitra cac loai cay 0 1a dau hiéu c6 the nhan biét bang mét hoic
bang cac trac dd ring. Vi thé, dién tich hinh chiéu tan nam ngang cua cac loai cay
g séng gan nhau 14 co sé cho viéc chon kich thudc 6 mau. Kich thuéc tan ciy gb
thay dbi theo tudi va moi truong song. Noi chung, khi dén tudi truong thanh, kich
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thude tan cua cac cay gb theo chidu ndm ngang thudng dao dong tir 10 — 15 m. Vi
thé, néu nghién ctru sy két nhom cuia 4 — 5 loai cay gb, kich thudc 6 mau duoc chon
dao dong tir 200 — 400 m?. Hinh dang 6 mau c6 thé 1a hinh tron, hinh vuong hoac
hinh chir nhat. Cac 6 mau c6 thé duoc bd tri ngiu nhién hoic déng déu trén nhiing
tuyén song song.

V& mit toan hoc, kiém dinh xz chi chinh x4c khi céc tan sb trong cac 0 cua
Bang chéo C*R 16n hon 5. Rimg tu nhién hdn loai nhiét d6i bao gdm rat nhiéu loai
ciy gb va ching phan bb khong dong déu trén mit dat. Vi thé, dé dam bao dung yéu
cau cua kiém dinh y?, nha 1am hoc cin phai thu thap rat nhiéu 6 mau. Tuy viy, sb
lvgng 6 mAu bang bao nhiéu 1a mt van de rat kho xéc dinh. Ly do 1a vi chung ta
khong biét & do bat gdp cua cac loai cdy quan tam trong giai doan thiét ké nghién
cuu. Trong thuc hanh, s6 luzorng 6 mau can thu thip gia ting dan sao cho dép ung tot
yéu cau cua kiém dinh x . Noi chung, khi nghién ctru quan hé giita 4 loai ciy go
trong nhimg QXTV thudc rimg mua nhiét déi, thi sé lwong 6 mau can thu thap
khéng nho hon 500.

Déi tuong nghién ctu su két nhom gitra cac loai cay go 1a mot van dé dang
quan tam. Trong lam hoc, két qua nghién cau su két nhom gitra céc loai cay gd chi
c6 y nghia khi ddi tugng nghién cuu la tham thuc vat ¢ giai doan 6n dinh hoic ¢
hhirng giai doan cudi cua chudi dién thé sinh thai tién vé cao dinh (Climax). Tham
thuc vat 6n dinh 13 két qua cua qué trinh canh tranh, dao thai tu nhién va tién hoa
lau dai cta cac loai cay gb. Thong qua nhitng qua trinh nay, cac loai cy gd da chon
dugc noi ¢ thich hop va nhiing loai ciing chung song bén nhau. Nhiing tham thyc
vat dang trong qua trinh dién thé ¢ giai doan dau va giira 12 nhiing tham thyc vat
chua 6n dinh vé thanh phan loai cay gb va ciu tric. Ching khdng phai 1a ddi tuong
tot ctia nhitng nghién ciru vé sy két nhém gitra cc loai cay gb. Nhiing tham thyc vat
da phat trién on dinh nhung hién tai dang gap nhitng rol loan (khai thac, lira...) ciing
khong phai 1a dbi twong tét cua nhitng nghién ciru vé su két nhom gitra cac loai cay
g0.

Bén canh méi quan tim dén ddi tuong nghién ciru va kich thudc 6 mau thich
hop, nha 1am hoc ciing can luu y dén viéc chon l0di ciy gb va sb luong loai cay gb
nghién ctu. Vé mit khoa hoc, nhiing nghién ctru sy két nhom cua bat ké tap hop
loai cay gb nao trong cac QXTV ring déu mang lai nhitng y nghia lon. Kién thire
nay giup cho nha 1am hoc khéng chi hiéu rd vé doi sdng cta cac loai ciy gd va
rimg, ma con xay dung nhiing nguyén 1y 1am sinh. V& thyc tién, nhitng nghién ctu
vé su két nhom giita céc loai cay gd déu hudng dén nhitng yéu cau cua kinh doanh
rimg. Mat khac, xac dinh quan hé giita nhiéu loai cdy gd ciing doi hoi nhiéu thoi
gian, nhan lyc, kinh phi va tinh toan rat phtic tap. Vi thé, khi phan phan tich sy két
nhom gitra céc loai cay gd & rung ty nhién hon loai nhiét doi, phan 1én cac nghién
ctru chi phéan tich sy két nhom ctia khoang duéi 5 loai cdy gd. Nhiing loai cay gb
dugc quan tam 13 nhitng loai cdy g vu thé, dong wu thé va nhimg loai cay g co ty
trong cao trong QXTV.
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4.3. Twong quan giira cac bién c6 thir bic va ap dung trong 1am hoc
4.3.1. Phwong phap phén tich méi quan hé giira cac bién cé thir bac

Thang do thr bac 1a thang do dinh danh, nhung céc gi tri cia mot bién s co
thi bac hon kém. Cac bién dinh danh c6 thi bac hon kém con dugc goi la cac bién
phan loai (Classification Variables), cac bién 1ap nhém (Grouping Variables) va cac
bién mi héa (Coding Variables). Vi thé, cac bién dinh danh c6 thir bac hon kém
duoc st dung dé phan loai céac doi tuong khac nhau.

Trong 14m hoc, thang do thtr bac khong chi duoc sir dung dé do nhiing dic
tinh cua cdy gd va rimg, ma con ca mot sb dic tinh ciia mdi truong. Ching han: (1)
Nang suét ring trong co thé dugc phan chia thanh 5 cip: 1 = rat thép, 2 =thép; 3 =
trung binh; 4 = cao; 5 = rat cao. (2) Chét lugng cua lap dia cé the ‘dugc phan chia
thanh 5 cap: 1 = rat xdu; 2 = x4u; 3 = trung binh; 4 = tbt; 5 = rat tot. (3) Bénh cua
cay gb c6 thé dugc phan chia theo 5 cp: 1 = bénh rat niang; 2 = bénh ning; 3 =
bénh trung binh; 4 = bénh nhe va 5 = khéng cé bénh.

Bang cach phan chia cac dic tinh cua ring va moi trudng theo thit bac hon
kém hay theo nhom, nha 1am hoc c6 thé xac dinh dugc mbi quan hé giira ching.
Méi quan hé nay c6 thé duoc phan tich bang cach xay dung thanh bang ngau nhién
gom R*C va thuc hién cac kiém dinh vé méi quan hé giira bién dong vaéi bién cot.

Phuong phap phén tich mdi quan hé gitra cac bién ¢ thir bac dugc ap dung
v6i 2 diéu kién: (1) Cac bién dinh danh c6 thir bac hon kém; (2) Cac bién c6 thé lap
thanh nhom (Cép) trong bang Cheo R*C. Trinh tir phan tich méi quan hé giita cac
bién c6 thir bac hon kém bao gom 2 budc.

Budc 1. Xac dinh twong quan gitia hai hay nhiéu bién lap nhém. Mdi quan
hé gitra cac blen 1ap nhém c6 thé duge xac dinh bang hé s6 tuong quan hang cua
Spearman hé So tuong quan Pearson va kiém dinh quan hé tuyén tinh bang tiéu
chudn y2. Hé sb twong quan Pearson doi hoi hai dai luong quan sat phai c6 phan b
chuan. Hé s6 tuong quan Spearman khong doi hoi hai dai lwong quan sat c6 phan
phdi chuan. Vi thé, hé sb twong quan Spearman thudng duoc sir dung dé xac dinh
moi quan hé giita hai bién cé thir bac hon kém.

Budc 2. Xac dinh xu huéng va cudng do ctia mdi quan hé giira hai hay nhiéu
bién 1ap nhom. Xu hudng cia mdi quan hé phan anh cac dic tinh nghién ctru bién
d6i trong ddng hay khong twong dong voi nhau. Néu cac cip gia tri cua hai dic tinh
nghién ctru clng ting hodc cing giam, thi hai dic tinh nay bién do6i twong dong véi
nhau. Chang han: Hai gié tri thir 2 va thir 3 ¢ dic tinh A tuong ing 13 5 va 7, con &
dic tinh B twong tng 1a 4 va 6. Trai lai, néu cac cap gia tri cua hai dic tinh nghién
ctru bién ddi khac nhau, thi hai dic tinh nay bién d6i khong twong ddng véi nhau.
Ch'fmg han: Hai gié tri tha 10 va thr 11 & ddc tinh A tuong ing 1a 6 va 8§, con & dac
tinh B twong Gng 1a 8 va 3. Khi hai gia trj lién tiép cua mot dic tinh bang nhau, thi
cap gi tri nay duoc goi 1a cap bién bi rang budc. Chang han: Hai gia trj thir 8 va tht
9 & dac tinh A déu 1a 5 va 5. Néi khac di, khi cac hang cua bién Y ¢6 xu hudng ting
cling véi cac hang cua bién X (Y va X dong bién), thi cac cip bién iy duoc goi l1a
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phu hop hay turong ddng. Nguoc lai, khi cc hang cua bién Y ting 1én con hang cua
bién X giam xuéng (Y va X nghich bién), thi céc cip bién dy duoc goi Ia khong phu
hop hay khong tuong ddng. Khi sé cap phu hop bang véi sb cap khong phu hop, thi
hai bién s6 dy khdng c6 quan hé véi nhau hay khong twong ddng véi nhau.

Xu huéng va cuong d6 ciia mdi quan hé¢ gitta hai hay nhiéu bién 1ap nhém c6
thi bac hon kém duogc xac dinh bang cac hé s6 twong quan dudi day.

(@) Hé s6 twong quan Somers’D va Conditional Gamma. Hai hé sé tuong
quan nay do xu huéng ctia modi quan hé giira hai bién Y va X. Chung duoc 4p dung
cho hai bién 1ap nhém cé thtr bac hon kém va vai trd cua bién doc lap va bién phu
thudc 1a rd rang. Hé s twong quan Somers’D dugc tinh theo cong thic 4.25. Hé s6
tuong quan Gamma duoc tinh theo cong thirc 4.26. O cong thic 4.25 va 4.26, D =
hé sb twong quan Somers’D; G = hé sb twong quan Gamma; P = sb cap bién twong
d6ng véi nhau, nghia 13 cing ting hoic cung giam; Q = s6 cap bién khong twong
dong véi nhau, nghia 1a chung ting va giam khac nhau; Ty = nhitng cap bi rang
budc bai yéu té Y. Hai hé s6 Somers va Gamma nhan gia tri = -1 dén 1.

(P-Q)

Dy=F+a+Ty) (4.25)
_P-Q

G="530 (4.26)

(b) Hé hé sé twong quan Goodman va Kruskal’s Gamma, Kendall tau b,
Kendall tau c. Ba hé so twong quan nay do cuong do cua moi quan hé gitra hai bién
Y va X. Hé s twong quan Goodman va Kruskal’s Gamma (Gamma) dugc tinh theo
cong thac 4.26. Hé s6 tuong quan Kendall tau b va Kendall tau ¢ duoc tinh twong
ting theo cdng thic 4.27 va 4.28. O cong thuc 4.27 va 4.28, rg va rc = hé sd tuong
quan Kendall tau b va Kendall tau c; P = s6 ¢ap bién twong dong vei nhau; Q = s
cap khong tuong ddng voi nhhau; Tx = nhitng cap bi rang bugc boi yeu t6 X; Ty =
nhiing cap bi rang bugc boi yéu to Y; m = s nho nhat trong hai s cot va so hang
ctia bang R*C; N = tong s cdp quan sat Y va X. Hé s6 Kendall = 0 dén 1.

P-Q
R CECERSICETEE R
W”%H (4.28)

Ba hé sb twong quan G, rg va rc nhan gia tri bang 0 khi P = Q. Sy ton tai cua
4 hé sé twong quan (Somers’d, Gamma, Kendall tau b, Kendall tau ¢) duoc kiém
dinh bang théng ké T —Student (Cong thirc 4.29); trong d6 r = hé sé twong quan, P =
s6 cap bién twong déng voi nhau, Q = sé cap khong twong dong véi nhau, N = tong
s6 cdp quan sat Y va X.

P [ 29
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Gia thuyét Ho: HE s6 turong quan (Somers’d, Gamma, Kendall tau b, Kendall
tau ¢) = 0 (khong ton tai).

Doi thuyét Ho': Hé s6 tuong quan (Somers’d, Gamma, Kendall tau b, Kendall
tau c) khac O (ton tai).

Quy tic quyét dinh. Khi P < 0,05, thi gia thuyét H, bi bac bo. Nguoc lai, khi
P > 0,05, thi gia thuyét Hy dugc chap nhan.
4.3.2. Phan tich quan hé giira cac bién c6 thir bic bing phin mém SPSS

Gia sir phan tich mdi quan hé giira tai sinh tu nhién ctia Dau con rai véi do
tan che cua tan rimg. Mat do cay tai sinh (N, cay/ha) tr nhién ctia Dau con rai duoc
phan chia thanh 5 cap: 1 = rat kém (<1000 cay/ha); 2 = kém (1000 - 2000 cay/ha); 3
= trung binh (2000 — 3000 cdy/ha); 4 = tot (3000 — 4000 cdy/ha); 5 = rat tt (> 4000
cay/ha). Do tan che (C) cua tan ring dugc phan chia theo 5 cap: 1=C<0,4;2=0,4
~05;3=05-0,6;4=0,7-0,8va5=C>0,9. Tong s6 6 dang ban duoc diéu tra
14 250. S6 lidu tai sinh ctia Dau con rai va cap do tan che dugc tong hop thanh Bang
5*5 (Bang 4.6). Pé phan tich mbi quan h¢ gitra cAp tai sinh tu nhién cia Dau con rai
v6i cip do tan che tan ring bang phan mém SPSS, trinh tu cac bude xir Iy nhu dudi
day.
Bang 4.6. Phan bd cép mat do cay tai sinh ty nhién ctia DAu con rai theo cac cép do
tan che cua tan rung.

Cép d9 tan che tan rimg
1 2 3 4 5

Tong sO

&S 1 N thyc nghiém 8 8
g N udc luong 12 24 20 13 1.1 8,0
; 9 N thuc nghiém 29 8 4 4 12 57
'8 N udc lugng 84 171 144 96 75 57,0
k= 3 N thuc nghiém 63 4 4 71
; N udc luong 105 21,3 179 119 94 71,0
g 4 N thuc nghiém 4 59 17 80
5 N udc luong 11,8 24,0 20,2 134 106 80,0
& 5 N thuc nghiém 34 34
© N uéc lugng 50 10,2 86 57 45 34,0
2 X N thuyc nghiem 37 75 63 42 33 250
Tong so

N uéc luong 37.0 750 63,0 420 33,0 2500

~ Budc 1. Nhap s6 liéu vao bang tinh. Khi nhap s6 liéu vao bang tinh, cot 1 ghi

5 cap mét do cay tai sinh cua Dau con rai, con ¢t 2 1a 5 cap dd tan che tan rung
theo s0 m& hoa (Hinh 4.6).

Budc 2. Xay dung Bang chéo 5*5 gitra 5 cap mat do ciy tai sinh ciia Dau

con rai va 5 cap do tan che tan rung. Trudc hét vao duong dan: Analyze >
Descriptive Statistics > Crosstabs. Dén ddy mot cira s6 xuat hién. Tai cira s6 nay,
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chon 5 cip mat d6 cAy tai sinh cua Dau con rai va 5 cip do tan che tan ring va
chuyén chung vao hai 6 Row(s) va Column(s) (Hinh 4.7).

: . - -
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Hinh 4.6. So li€u tai sinh cia Dau con rai va d¢ tan che tan rung.
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Hinh 4.7. Xay dung Béang 5*5 giita 5 cap mat do ciy tai sinh cia Dau con
rai va 5 cap do tan che cua tan rung.

Budc 3. Xac dinh mbi quan hé gitra mat do cay tai sinh cua Dau con rai va
cép do tan che cua tan rung. Gia thuyét Hy": Mat do cdy tai sinh cia Dau con rai
khong c6 quan hé v6i do tan che cua tan rimg. Gia thuyét nay bi bac bo khi murc ¥
nghia (P) cua cac hé sd twong quan (Spearman, Kendall tau b, Kendall tau c,
Somers’d, Gamma) nhé hon 0,05. Pé kiém dinh gia thuyét nay, trudc hét chon
Statistics & Hinh 4.7. Dén day xuat hién cira s6 Crosstabs. Ké dén tai cira s6 nay
chon Correlaton va 4 hé sb (Kendall tau b, Kendall tau ¢, Somers’d, Gamma) do xu
huéng va cudng do ctia mdi quan hé giita mat do cay tai sinh ciia Dau con rai va
cap do tan che cia tan rimg (Hinh 4.8). Sau d6 chon OK dé nhan két qua phén tich
moi quan hé giita mat do cay tai sinh cia Dau con rai va cap do tan che tan rumg.
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Hinh 4.8. Xac dinh hé s0 tuong quan gitta mat do cay tai sinh cua Dau con
rai véi cap do tan che cua tan rung.

Két qua bao céo 4 ndi dung (Bang 4.7): (1) Tom tit xir 1y cac truong hop
(Case Processing Summary); (2) Bang chéo 5*5; (3) Céc sé do xu huéng cua moi
quan h¢ (Directional Measures); (4) Céac s6 do tinh ddi xing hay cuong do ctia mbi
quan hé (Symmetic Measures).
Bang 4.7. Két qua kiém dinh mbi quan hé giita mat d cdy tai sinh ctia Dau con rai
v6i cap do tan che ciia tan rimg.
4.7a. Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N  Percent
Tai sinh * Tan che 250 100.0% 0 0.0% 250 100.0%

4.7b. Directional Measures
Value Error T P
Ordinal by Somers'd Symmetric 0.567 0.053 10.8410.000
Ordinal TaiSinh Dependent 0.555 0.053 10.8410.000
TanChe Dependent 0.580 0.053 10.8410.000

4.7c. Symmetric Measures

Value  Error T P
Ordinal by Ordinal  Kendall's tau-b 0.568 0.053 10.841 0.000
Kendall's tau-c 0.541 0.050 10.841 0.000
Gamma 0.631 0.055 10.841 0.000
Spearman Correlation 0.594 0.060 11.630 0.000
Interval by Interval Pearson's R 0.543 0.057 10.183 0.000
N of Valid Cases 250
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Bang 4.7a trinh bay tom tit xtr Iy cac truong hop. Bang 4.7b bdo cao xu
huéng ctia mbi quan hé giltta mat do cdy tai sinh ty nhién cua Dau con rai v6i 5 cp
d6 tan che cua tan rimg bang hé sé twong quan Somers. Hé sé Somers = 0,567 véi T
= 10,84 va P < 0,001 cho biét mat do cay tai sinh tu nhién ctua Dau con rai ¢6 quan
hé duong kha chat ché vdi do tan che cua tan ring. Bang 4.7c bdo cao 5 hé s6 do
cuong dg cua mbi quan hé gitra mat dg cay tai sinh ty nhién ctia DAu con réai véi do
tan che cua tan rimg. Ba hé s6 (Kendall tau b, Kendall tau ¢, Gamma) nhén gia gia
tri kha 16n, dao dong tir 0,541 (Kendall's tau-c) dén 0,631 (Gamma). Hé sb Somers
mang gia tri duong va ba hé sb (Kendall tau b, Kendall tau ¢, Gamma) nhan gia tri
kha cao chimng t6 mat do cAy tai sinh ty nhién ctia Dau con rai gia ting dan theo sy
gia tang do tan che cua tan rung. V& ban chat, d6 tan che cia tan ring cang 1on thi
Dau con rai tai sinh tu nhién cang manh. Tu thng ké Somers’D cho thiy, néu st
dung d¢ tan che cua tan rung dé uéde lugng mat dg cay tai sinh ty nhién cua Dau con
rai, thi ty 1& giam sai sd 1a 55,5% (TaiSinh Dependent = 0,555). Tir théng ké
Gamma cho thay, néu str dung do tan che cia tan ring dé udc lugng mat do cay tai
sinh ty nhién cua Dau con réi, thi ty 1& giam sai s6 1a 63,1% (Gamma = 0,631). Ty
1¢ giam sai s6 dy doan khac nhau 13 do str dung cac hé sé twong quan khéc nhau.

4.3.3. Phan tich twong quan thir bic bang bang chéo nhiéu chiéu

Bang chéo nhiéu chiéu l1a tap hop cua nhiing bang cheo hai chiéu; trong d6
mdi bién sé 1a mot chiéu. Sé liéu dung trong phan tich bao gdm mot bién hang mot
bién cot va mot bién 16p (Layer Variable). Bién 16p con duoc goi 1a bién diéu khién
hay bién l1ap nhém (Grouping Variable). Tir s6 lidu cua bang chéo nhiéu chiéu,
chung ta co thé xay dung cac bang phu 2 chiéu cho tung tri s6 cia bién 16p hoic két
hop gitra hai hoic 16n hon hai bién 16p. Muc dich cua kiém dinh trong noi bo cac
I6p 12 cung cap nhirng thong tin vé mdi quan hé gitta hai bién trong noi bo cac 16p.

Kiém dinh trong noi bo cac 1op bao gom hai noi dung. Mot 1a xac dinh mbi
quan hé va cuong d6 cua mdi quan hé giira hai bién sb. Hai 1a xac dinh cudng do
cua mdi quan hé giira hai bién sé trong noi bo cac 16p. Didu nay c6 nghia 1a phan
tich anh huong cia yéu tb thr 3 dén mbi quan hé cua hai bién ban dau.

Gia sir nghién ctru dat ra 2 muc ti€u: (1) Xac dinh quan hé gitta muc do bi
bénh ctia Dau con rai véi tudi cua no. (2) So sanh tinh trang bénh cua Dau con rai
theo 3 chi s 1ap dia khac nhau (SI). S6 liéu thu thap 1a 180 ciy Dau con rdi ¢ 3 cap
tudi (A =2, 4 va 6 nam) va 3 chi s0 SI (14, 18 va 22 m). Trong truong hop ndy, lap
dia la yeu t6 16p (Layer) trong mot bang quan hé gitta mic do bi bénh cua Dau con
rai Voi tu01 cua cua no. Tinh trang bénh cua Dau con rai theo 3 cép tudi va 3 chi sb
SI duoc tong hop ¢ Bang 4.8. Dé phan tich mdi quan hé gitra mtrc d6 bi bénh cua
Dau con rai V4i tudi va so sanh tinh trang bénh theo 3 lap dia khac nhau bang phan
mém SPSS, trinh tir cac budc xtr Iy nhu dudi day.

~ Budc 1. Nhap s6 ligu vao bang tinh. Khi nhap s6 liéu vao bang tinh, cot 1 ghi
3 cap chi so0 SI, con ¢t 2 va cot 3 tuong tng la tuoi (A, nam) va muc do bi bénh
(Hinh 4.9).
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Bang 4.8. Phan b6 s cay Dau con rai theo tinh trang bénh va lap dia.
Cap A (nam)

Chi s SI > 4 5 Téng theo hang
1 12 5 0 17
14 Bénh| 2 5 7 7 19
3 3 8 13 24
Tong s6 20 20 20 60
1 3 3 1 7
18 Bénh| 2 12 5 4 21
3 5 12 15 32
Tong sd 20 20 20 60
1 5 4 5 14
2 Bénh| 2 7 6 6 19
3 8 10 9 27
Tong sb 20 20 20 60
1 20 12 6 38
: .. Bénh| 2 24 18 17 59
Tong theo ¢t 3 16 30 37 83
Tong so 60 60 60 180
oy S A 1 R =

e —e

Hinh 4.9. S liéu Dau con rai theo tinh trang bénh va 1ap dia.

Budc 2. Xay dung bang chéo mé ta mdi quan hé giita cap bénh theo cap A.
Trudc hét vao dudng din: Analyze > Descriptive Statistics > Crosstabs. Dén day
mot cira s6 xuat hién. Tai cua sb nay, chon bién “Bénh” va bién “A” va chuyén
ching vao hai 6 Row(s) va Column(s) (Hinh 4.10).

Budc 3. Xac dinh mdi quan h¢ gitta muc do bi bénh ctia DAu con r4i Vi tudi.
Gia thuyét Ho': Muc do bi bénh cia Dau con rai khong phu thudc vao tudi. Gia
thuyét nay bi bac bo khi muc ¥ nghia (P) cia cac hé sé tuong quan (Kendall tau b,
Kendall tau ¢, Somers’d, Gamma) nho hon 0,05. Dé kiém dinh gia thuyét nay, trudc
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hét chon Statistics & Hinh 4.10. Pén day mdt ctra s6 Crosstabs xuat hién. Ké dén tai
ctra s6 nay chon 4 hé sé (Kendall tau b, Kendall tau ¢, Somers’d, Gamma) biéu thi
xu hudéng va cuong do cua mbi quan h¢ gitra mirc do bi bénh cua DAu con réi véi
tudi (Hinh 4.11). Sau d6 chon OK dé nhan két qua phan tich mbi quan hé giita murc
d6 bi bénh cta Dau con rai véi tudi (Bang 4.9).
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Hinh 4.10. Xay dung Bang chéo 3 cip bénh va 3 cdp A ctia Dau con rai.

r B
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Phil and Cramers V ' Somers'd
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Hinh 4.11. Xac dinh mbi quan hé giira 3 cap bénh véi tudi.

Bang 4.9a bao c4o xu huéng cia mdi quan hé gitta mirc d6 bi bénh ciia Dau
con rai voi tudi bang hé sb twong quan Somers. Hé s6 Somers = 0,273 voi T = 4,472
va P < 0,001 cho biét mirc d6 bi bénh cta DAu con réai ¢6 xu hudng gia tang theo
tuoi. Bang 4.9b bao cao 4 h¢ s6 do cuong do cua mdi quan hé gitta muc d6 bi bénh
ctia Dau con rai v6i tudi. Bon h¢ s6 nay kha 16n va dao dong tir 0,267 (Kendall's
tau-c) dén 0,410 (Gamma). Hé s6 Somers va bén hé sd nay déu mang gia tri duong
chtng to muc do bi bénh ciia Dau con rai gia ting theo tudi. Tir thong ké Gamma
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cho thfiy, néu str dung tudi dé udc luong muc do bi bénh cua DAu con rai, thi ty 1€
giam sai s6 1a 41,0% (Gamma = 0,410).
Biang 4.9. Kiém dinh mdi quan hé giita mirc 6 bi bénh ciia Dau con rai vai tudi.
4.9a. Directional Measures
Value Error T P
Ordinal by Somers'd Symmetric 0.273 0.061 4.472 0.000
Ordinal Benh Dependent  0.267 0.060 4.472 0.000
ANam Dependent 0.280 0.062 4.472 0.000

4.9b. Symmetric Measures
Value Error T P
Ordinal by Ordinal Kendall'stau-b  0.274 0.061 4.472 0.000
Kendall'stau-c ~ 0.267 0.060 4.472 0.000
Gamma  0.410 0.087 4.472 0.000
N of Valid Cases 180

Buéc 4. Kiém dinh mbi quan h¢ gitta mirc do bi bénh ctia Dau con rai Véi chi
s6 1ap dia. Gia thuyét Hy": Mtrc d6 bi bénh cta Dau con rai khong phu thudc vao 1ap
dia. Gia thuyét nay bi bac bo khi mic ¥ nghia (P) ctia cac hé sd twong quan
(Kendall tau b, Kendall tau ¢, Somers’d, Gamma) nhé hon 0,05. B¢ kiém dinh gia
thuyét nay, trudc hét tir ctra s0 ¢ Hinh 4.10, bo nhéan t6 A va thay bang chi s SI.
bén day mot cuira s6 Crosstabs xuét hién. K& dén tai cira s6 nay chon Statistic va 4
hé s6 (Kendall tau b, Kendall tau ¢, Somers’d, Gamma) biéu thi xu huéng va cuong
d6 cua moi quan hé gitra mtc d6 bi bénh cua Dau con rai véi chi s6 SI. Sau d6 chon
OK dé nhan két qua phan tich mdi quan hé gitra mtrc 6 bi bénh ctia Dau con rai voi
chi s6 SI (Bang 4.10). Hé s6 Somers = 0,046 voi P = 0,513 va hé sé6 Gamma = 0,07
Vo1 P’= 0,513 chirng to6 mtrc d6 bi bénh cua Dau con rai ¢o quan hé khong 1o rét véi
chi s6 SL.

Bang 4.10. Két qua kiém dinh méi quan hé gitta mirc d0 bi bénh cua Dau con rai
v6i chi s6 SI.
4.10a. Directional Measures
Value Error T P

Ordinal by Somers'd Symmetric 0.046 0.070 0.654 0.513
Ordinal Benh Dependent 0.044 0.068 0.654 0.513
SI Dependent 0.047 0.071 0.654 0.513
4.10b. Symmetric Measures
Value Error T P
Ordinal by Ordinal Kendall's tau-b 0.046 0.070 0.654 0.513

Kendall's tau-c 0.044 0.068 0.654 0.513
Gamma 0.070 0.106 0.654 0.513
N of Valid Cases 180
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Buée 5. Kiém dinh moi quan hé gitra mtc d bi bénh cua DAu con rai Véi
tudi trong timg cap chi sé 14p dia. Gia thuyét Hy": Mirc d6 bi bénh ctia Dau con rai
trong mdi cap chi s6 SI khong phu thudc vao tudi. Gia thuyét nay bi bac bo khi mirc
¥ nghia (P) cta cac hé sb ‘tuong quan (Kendall tau b, Kendall tau ¢, Somers’d,
Gamma) nhé hon 0,05. Bé kiém dinh gia thuyét nay, trudc hét mo Analyze >
Descriptive Statistics > Crosstabs. Pén day mot cura so xudt hién. Tai cira so nay,
chon bién “Bénh” va bién “A” va chuyén ching vao hai 6 Row(s) va Column(s),
con bién chi sb SI chuyen vao 6 Layer 1 of 1 (Hinh 4.12). DPén day mot cua so
Crosstabs xuit hién. Ké dén tai ctra s6 nay chon Statistic va bdn hé sb (Kendall tau
b, Kendall tau ¢, Somers’d, Gamma) biéu thi xu hudng va cuong d6 cua moi quan
hé gitta mirc d6 bi bénh cta Dau con rai véi tudi trong moi cap chi s6 SI (Hinh
4.13). Sau d6 chon OK dé nhan ket qua phan tich moéi quan hé gitra mae d6 bi bénh
ctia Dau con rai voi tudi trong mdi cap chi sé SI (Bang 4.11).
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Hinh 4.12. X4y dung bang chéo bicu thi moi quan hé gitta mirc bi bénh
v&i1 tudil Dau con rai theo ba cap chi so SI.

P ] = ~
#3 Crosstabs: Statistics - ]
Chi-square Cogreiations
Nomunal Oramal
Ccontingency coefficient « Camma
Phi and Cramers V « Somers'd
Lambaa ' Kendall's tau-p
Uncernainty coefcient ¥ |Kenaalrs tau-o
Nominal by Interval Kappas
£a Risk
McNemar
Cochran's and Mantel-Haenszel statistics
’ .
A |Sontinue || cancel || Heip |
L =

Hinh 4.13. Xé4c dinh mdi quan hé giira 3 cap bénh voi tudi trong mdi cap
chi s6 SI.
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Bang 4.11a bao céo khuynh hudng cia mbi quan hé giita mutrc d6 bi bénh cta
Dau con rai voi tudi trong mdi cap chi sé SI. Hé s6 Somers chi t6n tai va nhan gia
tri duong & cap chi s6 SI = 14 m (0,484; P < 0,01) va cap chi s6 SI = 18 m (0,344; P
< 0,01) va khong t6n tai & cap chi s SI =22 m (0,273; P = 0,820). Ba hé sb twong
quan (Kendall tau b, Kendall tau ¢, Gamma) ¢ cap chi s6 SI= 14 m va SI= 18 m
déu nhan gia tr1 kha cao, dao tir 0,322 dén 0,677. Diéu do chirng té muc do bi bénh

ctia Dau con rai ¢ hai cip 1ap dia nay gia tang dan theo tuoi.

Bang 4.11. Klem dinh m6i quan h¢ gilta mirc d6 bi bénh cua Dau con rai v6i tudi

trong moi cap chi s6 SL
11.a. Directional Measures

Chi s6 1ap dia Value Error T P
14 Ordinal by Somers'd Symmetric 0.484 0.086 5.5 0.000
Ordinal Benh Dependent 0.482 0.087 5.5 0.000
ANam Dependent 0.487 0.086 5.5 0.000
18 Ordinal by Somers'd Symmetric 0.344 0.101 3.4 0.001
Ordinal Benh Dependent 0.322 0.094 3.4 0.001
ANam Dependent 0.370 0.110 3.4 0.001
22 Ordinal by Somers'd Symmetric 0.026 0.116 0.2 0.820
Ordinal Benh Dependent 0.026 0.114 0.2 0.820
ANam Dependent 0.027 0.118 0.2 0.820
Tong Ordinal by Somers'd Symmetric 0.273 0.061 4.5 0.000
Ordinal Benh Dependent 0.267 0.060 4.5 0.000
ANam Dependent 0.280 0.062 4.5 0.000
11b. Symmetric Measures
Chi s6 lap dia Value Error P
14 Ordinal by Kendall's tau-b 484 .086 5.540 .000
Ordinal Kendall's tau-c 482 .087 5.540 .000
Gamma Zero-Order .677 .102 5540 .000
N of Valid Cases 60
18 Ordinal by Kendall's tau-b 345 101 3.431 .001
Ordinal Kendall's tau-c 322 .094 3.431 .001
Gamma Zero-Order 520 .140 3.431 .001
N of Valid Cases 60
22 Ordinal by Kendall's tau-b 026 .116 .227 .820
Ordinal Kendall's tau-c 026 .114 227 .820
Gamma Zero-Order 040 177 227 .820
N of Valid Cases 60
Total Ordinal by Kendall's tau-b 274 .061 4.472 .000
Ordinal Kendall's tau-c 267 .060 4.472 .000
Gamma  Zero-Order 410 .087 4.472 .000
First-Order Partial 420
N of Valid Cases 180
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Chuong 5
PHAN TiCH HOI QUY TRONG LAM HQC

5.1. Giéi thiéu chung

Kién thirc vé mbi quan hé giita rimg voi moi trudng soéng cua ching 1a co so
cho viéc xay dung Iy thuyét vé rimg va cac phuong thirc 14m sinh, phan ving lap
dia rirng va phén loai tham thuc vat rimg. Doi sdng cua cac loai cdy gd va ring bi
kiém soét boi rat nhiéu nhén t6 sinh thai. Cac nhan t6 sinh thai tac dong rat phic tap
dén cay gb va rimg. Nha 1am hoc ching thé kiém soat duoc tit ca cac nhan té sinh
thai. Vi thé, nha 14m hoc chi tip chung nghién ctru nhitng nhén té sinh thai chu yéu
ma con nguoi co thé kiém soat duge thong qua nhitng hoat dong 1am sinh.

Khi bi tac dong boi cac nhén td sinh thai, cAy gd va rimg phan tng lai thong
qua su bién ddi cac dic tinh cia chung. Trong sinh thai hoc va 1am hoc, ngudi ta goi
su phan ng cta cdy gb va rimg d6i v4i sy bién doi cua nhitng nhan t6 sinh thai 1a
su phan hdi. Cac phan hoi cia cdy gd va rimg biéu hién & sy thay d6i cac dic tinh
ctia chung. Mot sd dic tinh cia cay gb Va rung co thé dinh luong bang nhirng s6 do
nao d6. Chang han D (cm); H (m), g (m?), V (m®), B (kg, tan) & muc cay go; N, G,
M va B ¢ muc quan thu. Mot s dic tinh cua cay gd va rimg khong thé dinh luong
bang nhiing so do nao d6. Chang han: Do bat gap loai; Stc sbéng cua ciy go va
rimg; Mau sic (14, vo...) cia cay 6. Do nhiéu han ché khac nhau, nén mot s dic
tinh dinh lugng ¢ mirc cdy go va rung ciing dugc chuyen thanh ddc tinh dinh tinh.
Chang han: S6 luong hoa, qua va hat trén tan ciy gd; Mat do 14 trén tan cay...

Bang phén tich h01 quy, nha lam hoc co6 thé mo ta nhimg phan hoi cua ciy gb
va rung bang mot ham sd cta nhitng nhan t6 sinh thai. Ham sb nay dugc goi la ham
phan hoi; trong d6 bién phu thudc (Y) 1a nhitng dic tinh cta cdy gb va rimg, con cic
bién doc lap (Xi) la nhirmg nhan t6 sinh thai. Trong 1am hoc, cac bién phu thudc
dugc goi 1a bién phan hdi, con cac bién doc 1ap 1a bién giai thich hay bién nguyén
nhan. Cac ham phan hoi bleu dién phan @ng ciia cac loai cay gb va ring ddi voi su
thay ddi ctia nhitng nhéan té sinh thai theo cach thirc nhan qua nao do. Tuy vay,
nhirng nguyén nhan din dén nhitng thay d6i ¢ ciy gb va ring khong thé suy luan
don gian tir phan tlch hoi quy. Phan tich hoi quy chi tra 101 16 mot sd cau hoi sau
day: (1) Loai cay gd va rimg c6 quan hé voi nhitng nhén to sinh thai trong chudi lap
dia nay hay khong? Cau hoi nay dugc tra 101 thong qua kiém dinh sy ton tai clia cac
ham phan héi. (2) Nhiing bién moi truong nao anh huong rd rét, con nhing bién
moi trudong nao anh huong khong rd rét dén cay gb va rung? Cau hoi nay duoc tra
101 thong qua phan tich hdi quy va tuong quan riéng phan. (3) Nhiing bién méi
truong nao anh huong tbt, con nhitng bién moi truong ndo anh hudng xau dén cay
g0 va rimg? Cau hoi nay dugc tra 10i thong qua phan tich du cua cac hé sé hoi quy
riéng phan.
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Trong 1am hoc, muc dich cua phan tich hdi quy 1a mé ta nhirng phan hdi cia
cac loai cay go va ring nhu la mot ham ctia mot hoac nhiéu nhan to sinh thai. Két
qua cta phan tich hoi quy duoc sir dung dé giai quyet nhirng van dé sau day:

(2) Phan tich vai trd ctia cic nhan td sinh thai va xac dinh nhimg nhan t6 sinh thai
chu y€u anh hudng dén céc loai cay go va rung.

(b) Udc luong cac tham sé sinh thai cta céc loai cdy gd va rimg. Chang han: Bién
dod sinh thai; To1 vu sinh thai; Pham vi chong chiu; Vung to vong.

(c) Xay dung cac ham phan hdi dé uée luong va du doan nhing thay dbi cua cac
loai cay gd va ring theo su thay d6i cia mot hodc nhiéu bién méi trudng.

(d) Xay dung cac ham dé du doan nhimg thay ddi cia méi truong dua trén nhing
dic tinh cta cac loai cay gb va rung.

Céac ham phan hoi & muc cy gd va rimg la rat da dang. Sy da dang cua céac
ham phan hoéi khong chi 13 do sy da dang cta cac bién phan hoi va cac bién giai
thich, ma con do phuong phép thu thap cac dic tinh & muc ciy gd va riung. Tuy theo
muc dich nghién ctu, hai bién nay dugc thu thap bémg nhitng phuong phap khac
nhau. Néu cac bién phan hoi va cac bién giai thich déu duoc dinh luong, thi cong cu
xtr 1y thich hop nhat 1a phuong phap phan tich hdi quy va twong quan don bién hoic
da bién. Phuong phap nay cung duoc ap dung trong truong hop cac bién phan hoi
dugc do bang hai bién nhi phan (Bat gap = 1; Khong bat £ap = 0), con cac bién giai
thich dugc dinh luong. Trai lai, néu ca hai b1en phan hoi va bién giai thich chi 1a
bién dinh danh khong c6 thir bac hon kém (Bién nhi phan), thi cong cu xir 1y thich
hop 14 kiém dinh %* dé x4c dinh mdi quan hé gitra cic bién phan hdi va cac bién giai
thich. Han ché cua phuong phap nay 1a khong thé giai thich chinh xac mirc do va
chiéu hudéng anh hudng cua cac nhan td sinh thai. Tom lai, tuy theo muc dich
nghién ctru, nha 1am hoc ¢6 thé 4p dung cac phuong phap khac nhau dé xir 1y s6 liéu
nham tra 15i nhitng cau hoi dit ra.

Hoi quy dbi véi mot bién giai thich dinh luong bao gom viéc 1am phu hop sé
lieu voi mot duong cong. Van dé 1a & chd, nha 1am hoc can chon dang dudng cong
nao la thich hop vai tap sé liéu nghién ciru. Dé giai quyét van dé vira n6i, nha 1am
hoc ¢6 thé sir dung d6 thi phan tan dé mé ta quan hé gitra cac bién phan hdi voi cac
bién giai thich hoic dwa theo Iy thuyét. Trong phan tich hdi quy, chir X biéu thi cho
bién giai thich (Bién méi truong), con Ey biéu thi cho bién phan hoi ky vong cua
bién phan hoi Y. Hinh 5.1 mé ta nhitng dang duong cong phan hoi.

(a) Dang hang sb. Gia tri Ey bang mét hang sé (Hinh 5.1a) cho biét Ey
khong phu thugc X.

(b) Dang tang hodc giam déu. Gia tri Ey tang hoac giam cung voi sy gia tang
gia tri X. Dang nay bao gém dang dudng thing va duong cong Sigmoid (Hinh 5.1b,
c, d).

(c) Dang mét dinh. Thoat dau Ey tang lén cung vdi su gia tang gia tri X tiép
theo dat cuc dai va sau d6 giam. Dang nay bao gom duong cong Parabol vai 1 cuc
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dai (Hinh 5.1e) va duong cong c6 dang hinh chuéng (Hinh 5.1f). Gia tri X ma tai d6
Ey dat 16n nhat duoc goi 12 mét hoic téi vu. Gia tri toi vu khong phai la duy nhat
khi dudng cong c6 dinh bang (Hinh 5.1g). Pudng cong mot dinh c6 thé dbi xing
(T6i wu 1a diém ddi xung) hoic bat déi xing (Hinh 5.19).

(d) Dang hai dinh. Thoat ddu Ey ting 1én cing véi Sy gia ting gia tri X; ké
dén dat Cuc dai; tiép theo giam dén mot cuc tiéu; sau cuc tiéu lai ting 1én dén cuc
dai mai; cudi cung giam lién tuc (Hinh 5.1h).

(e) Nhirng dang khéc. Gia tri Ey ¢6 hinh thai khac véi nhitng kiéu duong
cong trén day.

BY (@ (b) % (d)

B @ 0 ©) (h)

X
Hinh 5.1. Céc dang dudng cong phan hoi duoc 1ap theo bién méi truong.

(a) Puong cong hang s6; (b) Buong cong Sigmoid ting; (¢) Puong thang; (d) Puong cong Sigmoid
giam; (e) Pudng cong Parabol; (f) Puong cong ddi xting hay duong cong Gauss; (g) Puong cong
bat d6i xing hay léch va mot ham khéi; (h) Buong cong hai dinh.

Trén day liét ké nhitng dang duong cong theo mac do phuc tap cua ching.
Khi duong cong phan hoi & dang hang sd, thi Ey khong phu thudc X hay bién giai
thich khdng anh hudong dén bién phan hoi Ey. Tir dang dudng cong hai dinh, bang
cach gidi han khoang thu mau khac nhau, nha 1am hoc c6 thé nhan dugc nhiing
duong cong khac nhau. Thét vay, duong cong ting hoac giam déu 1a nhiing truong
hop dac bi€t cua duong cong mot dinh. Khi t6i wu nam ngoai khoang thu mau, thi
duong cong mot dinh ting dan hoac giam dan trong khoang nay (Hinh 5.2). Nhiing
duong cong ¢6 1 cuc tiéu ciing c¢6 thé roi vao truong hop dic biét cua duong cong
hai dinh.

Rung la h¢ sinh thai ‘rét phuc tap. Tinh phirc tap biéu hién & chd, cac ddc tinh
cua rung phan b6 khong dong déu theo khong gian va thoi gian. Vi thé, cac ham
phan hoi co hinh thai rat phirc tap. Nha 1dm hoc khong thé deé dang thu dugc céac
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thong tin dé xdy dung cac ham phan hoi phirc tap. Dé lam giam tinh phic tap cia
cac ham phan hoi, ‘nha 1am hoc ¢ thé phén chia rimg thanh nhitmg don vi nhé hon.
Sau d6 thu thap s liéu trong timg don vi nho nay va xay dung ham phan hdi dua
theo nhirg ham hoi quy don gian. Phan dudi day gisi thiéu mot s6 phuong phap c6
thé 4p dung dé phén tich cac ham phan hdi & mirc cay gd va rimg.

Ey

a b c d e f X

Hinh 5.2. Nhing dwong cong phan hoi dugc phan chia tir duong
cong hai dinh bang céch gigi han khoang thu mau.

(a) Buong cong hai dinh trong khoang X = [a, f].

(b) buong cong maét dinh khi X =[a, ¢] va X =[d, f].

(c) Pudng cong giam déu khi X = [b, ¢] va [e, f].

(d) Puong cong tang déu khi X = [c, €].

(e) Pudng thang nam ngang khi X = [c, d].

5.2. Hdi quy tuyén tinh va ing dung trong IAm hoc
5.2.1. Hoi quy tuyén tinh don bién

Ham s6 mo ta quan h¢ gitra Y voi X kém theo sai s6 (€) duoc goi 12 ham hoi
quy tuyén tinh don bién (Ham 5.1).

Y =by+b*X+e (5.1)

Trong mo hinh hdi quy tuyén tinh don, Y 1a ham sé tuyén tinh caa X; by va
b, 1a cac tham sb caa mé hinh; e 1a bién ngau nhién biéu thi sai s6 caa mé hinh. Sai
s6 cho biét bién dong cua Y khdng thé giai thich dugc bang moi quan hé tuyén tinh
gitra Y vai X.

Nhitng gia dinh cta hdi quy tuyén tinh don: (1) Sai s6 ky vong E(e) = 0; (2)
Phuong sai cua e (S?) bang nhau d6i véi moi X; (3) CAc gia trj cua e 1a doc lap; Sai
s6 e ¢ phan bb N(0, 6?).

Do thi cua ham hdi quy tuyén tinh don (Hinh 5.3) 12 mot duong thang; trong
d6 by 1 diem chan (Intercept) cia dwong hoi quy trén tryc tung, by 1a d6 doc (Slope)
cua duong hdi quy, E(Y) la gia tri ky vong cua Y tuong ing véi mot gla tri X nhat
dinh. Trong hdi quy tuyén tinh don, hé s6 by 1a wdc lugng sy thay d6i cua Y theo
mot don vi thay doi ciia X. Hinh 5.3a cho biét Y ¢c6 méi quan hé duong vai X, nghia

115



la Y va X 1a dong bién. Hinh 5.3b cho biét Y c6 mdi quan hé am véi X; nghia 1a Y
va X la nghich bién. Hinh 5.3c cho biét Y khong c6 moi quan hé vai X.

Y (@) (b) (©

. / Y = 1.4+ 1.18*X

Y =75+121*X

D

Hinh 5.3. Méi quan hé giita Y véi X.

Dbé xac dinh ham hoi quy tuyén tinh Y = by + byX, chung ta can phai uéc
lwong hai tham sb by va by. Hai tham sb nay dugc uéc lugng theo phuong phap binh
phuong nho nhat (Cong thirc 5.2 va 5.3); trong d6 n = tong sé quan sat, X; = gia tri
cua bién doc lap twong tng véi quan sat i, Y; = gia tri cia bién phy thudc tuong tng
voi quan sat i, Xgq = gia tri trung binh cua bién doc lap, Ygq = gia tri trung binh cua
bién phu thudc.

2i=1.n)(Xi - Xag) (Y '2YBq)
2 =1, (X - Xgg)
bo = YBq - bleq (53)
Mitrc do chat ché cua m(f)i quan hé gitta Y véi X duoc giainh gia theo hé sb xac
dinh (Cong thie 5.4), SSR = tong sai léch binh phuong do hoi quy (Cong thic 5.5),
SSE = tong sai s0 biqh phuong (Cong thirc 5.6), SST = tong sai 1éch toan b (Cong
thirc 5.7), SSTcor = tong sai 1¢ch thuc hay hi€u chinh (Cong thirc 5.8).

b, = (5.2)

2=[1- Z((T(TT’L T(L;:))Z ]*100 (5.4)
SSR = Ye1m(YuL — Yag)’ (5.5)
SSE = Y=1.0)(YuL — Y1) (5.6)
SST = SSR + SSE (5.7)
SST(Corr) = Z(izl,n)(YTN - YBq)2 (5-8)

Hé s6 twong quan (Ki hiéu r) la can béc hai cua hé sé r? (Cong thirc 5.9). Hé
s6 r lay gid tri tir - 1 dén +1. Khi r = 0 thi Y va X khéng c6 quan h¢ véi nhau. Khi r
= -1 thi Y va X c6 quan hé tuyén tinh &m réat chat ché. Khi r = +1 thi Y va X c¢6
quan hé tuyén tinh duong rat chat ché.

, SSE
= (Déu cia by [1-"557 =\ (5.9
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Sy ton tai cia ham Y = by + by *X dugc kiém dinh béng théng ké T va thong
ké F. Thong ké T (Cong thirc 5.10 va 5.11) kiém dinh sy tOn tai ctia tham so b;. Gia
thuyét Ho: b, = 0. Béi thuyét H,: by = 0. O muc ¥ nghia a (a = 0,05 hoic 0,01), béac
bo Hy khi P < a.

_b
=3, (5.10)

_ S
Sp1 = \m (5.11)

Kiém dinh F dugc tinh theo cong thirc 5. 12; trong d6 MSR = hoi quy binh
phuong trung binh (Cong thic 5.13), MSE = sai so trung binh binh phuong (Cong
thire 5.14). O cong thire 5.13 va 5.14, p = s6 tham s6 ctia ham hdi quy.

MSR
= MSE (5.12)
R
MSR = SSp (5.13)
MSE = SSE (5.14)

Quy tic quyét dinh: (1) Sir dung mirc ¥ nghia a (o= 0,05 hodc 0,01), bac bo

Ho khi F > Foy trong d6 Fo dya trén phan bo Fvéi 1 ddtw do o tirso van - 2 do tu
do & mau s6. (2) O mic ¥ nghia o (o = 0,05 hoic 0,01), bac bo Hg khi P < a.

. Ngay nay viéc xay dyng va kiém~dinh sai 1éch cua ham héi quy tuyén tinh

voi 50 liéu thye nghiém dugc xac dinh dé dang bang cac phan mém thong ké. Bang

5.1 vaBang 5.2 dan phan tich bién dong (ANOVA) va két qua bao cao cac théng tin
ctia ham hoi quy tuyén tinh don bang phan mém Statgraphics.

Bang 5.1. Phén tich bién dong (ANOVA) dbi voi ham hoi quy tuyén tinh don.

Nguon bién dong SS Df MS F
B : L. SSR  MSR
Model = Regression (Hoi quy) SSR 2 MSR= 5 MSE
SSE

Residual Error (Sai s6) SSE n-2 MSE=."

Total (Tong) SST n  MST=SST/n

Corrected Total (Tong hiéu chinh) SST(Corr.)  n-1 MST corr

Ghi chu: SS = Tong binh phuong; Df = D6 ty do; MS = Trung binh binh phwong.
5.2.2. Hoi quy tuyén tinh da bién
5.2.2.1. Ham héi quy tuyén tinh da bién

Ham hoi quy tuyén tinh da bién 1a ham ciia 2 hay nhiéu bién doc lap (Xp) dé
giai thich bién dong ctia bién phu thudc (Y). Khi ap dung vao lam hoc, bién Y g01 la
bién phan hoi, con cac bién X, 1a bién giai thich hay bién dy doan. Thuat ngir “Bién
phan hoi” biéu thi nhiing thay d6i clia cAy gd va rimg dé phan tng lai nhiing thay
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d6i cua cac nhan to sinh thai. Cac blen Xp duoc str dung dé giai thich nhirmg nguyén
nhan gay ra nhitng thay d6i & cay gd va rung.

Bang 5.2. Cac hé s6 hdi quy va kiém dinh sai 1éch ctia ham hoi quy tuyén tinh don.
Parameter Least Squares Estimate Standard Error T Statistic P-Value

1) (2) ©) (4) (5)
Intercept 0.107527 0.0924052 1.16364 0.2827
Slope 1.19181 0.0075080  158.723 0.0000
Source Sum of Squares Df Mean Square F-Ratio  P-Value
(1) 2 ) (4) (5)
Model 162.717 1 162.717 25192.83 0.0000
Residual 0.04521 7 0.00645
Total (Corr.) 162.762 8

Cot 4 = (Cot 2/Cot 3); Cot 5 =Hang 1 cua cdt 4/Hang 2 cia cot 4.

M hinh hdi quy da bién tong quéat ¢6 dang nhu ham 5.15; trong d6 Bo, 1, B2
...Pp = cac tham s6 cua mo hinh; e = sai so cia mo hinh.

Y =Bo+ B1Xy + PoXp +...+ PpXp + € (5.15)
Ham hdi quy da bién tuyén tinh wéc lwong ¢ dang nhu ham 5.16.
Yy = bo + b1X1 + b2X2 +...+ prp +e (516)

Nhiing gia dinh co ban cia ham héi quy da bién tuyén tinh:

(a) Sai sb e 1a mot bién ngiu nhién c6 phan bd N(0, S?).

(b) C4c bién X, la doc lap va phuong sai bang nhau.
5.2.2.2. Cdc buwdc phin tich ham héi quy tuyén tinh da bién

Budc 1. Xéc dinh cac thanh phan sai léch ctia mé hinh héi quy (SST, SSR va
SSE) tuong tu nhu cong thue 5.5 — 5.8.

Budc 2. Tinh hé sb xac dinh (RZ) va hé sd twong quan (R) twong tng theo
cong thirc 5.17 va 5.18.

SSE
R*=(1- “So7 )*100 (5.17)
_SSE

Budc 2. Kiém dinh sy ton tai ciia ham h61 quy da bién tuyén tinh béng thong
ké T va thong ké F. Thong ké F kiém dinh sy ton tai ctia ham hdi quy. Thong ké F
dugc xac dinh theo cong thirc 5.19; trong d6 MSR, MSE va sai s6 chuan cta udc
luong (SEE) dugc tinh twong ing theo cong thire 5.20, 5.21 va 5.22.

MSR
= MSE (5.19)
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R
MSR = Si (5.20)

SSE
§* = MSE = . (5.21)

SEE =+/MSE =+/S? (5.22)

Gia thuyét Hy: Khong ton tai ham hoi quy da bién tuyén tinh. D6i thuyét Hy,:
T6n tai ham hoi quy da bién tuyén tinh. Quy tic quyét dinh: Bac bo Hy néu F > Fa
(0. = 0,05 hoic 0,01) hoic P < a; trong d6 Fa dua trén phan bd F véi p do tu do & tir
sdvan-p-1dotydodmiusd, plasétham sd cia ham hoi quy.

Budc 3. Kiém dinh sy ton tai cta cac bién doc lap bé‘lng théng ké T. Néu
kiém dinh F chi ra Y va céc X; ton tai mdi quan h¢ thuc sy, thi tiép theo kiém dinh
tirng bién doc 14p c6 ¥ nghia hay khong. Mbi kiém dinh T 1a mét kiém dinh mtrc y
nghia riéng biét. Pi véi ting bién doc 1ap, kiém dinh T; duoc tinh theo cong thirc
5.23; trong do Sy dugc tinh theo cong thic 5.24.

b;
=3, (5.23)

S
Sb' = (524)
NZ X - Xeg)’
~ Gia thuyét Ho: §; = 0. DPoi thuyét H,: B; = 0. Quy tic quyet dinh: Bac bo Ho

néu T > Ty hodc T < - Ty (0= 0,05 hoac 0,01); trong do6 T, dua trén phan bo T
voin - p do ty do. St dung mirc ¥ nghia P: Bac bé Hynéu P < a.

Bang 5.3 va Bang 5.4 dan phan tich bién dong (ANOVA) va két qua bao cdo
cac thong tin cia ham hoéi quy da bién tuyén tinh bang phan mém Statgraphics.

Bang 5.3. Phén tich bién dong ddi véi ham hdi quy da bién tuyén tinh.

Nguén bién dong  SS Df MS F
: N _SSR MSR
Model = Regression (Hoi quy)  SSR p MSR = —p MSE
: _— SSE
Residual Error (Sai so) SSE n-p MSE = D
Total (Tong) ~ SST n MST
Corrected Total (téng hicu chinn) 95T corr, n-1 MSTcor

Bang 5.4. Két qua udc lugng cac tham s6 va phén tich bién dong dbi voi ham hoi
quy da bién tU.Yén tinh: Y = bo + bl*Xl + bzXz.

Parameter Estimate Standard Error T Statistic P-Value
1) (2) 3) (4) )
CONSTANT 0.028859 0.00500063 5.77107 0.0012
X3 -3.33119 1.13338 -2.93917 0.0260
Xs 0.000002 8.1963E-8 24.0346 0.0000
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Phan tich ANOVA
Source Sum of Squares Df Mean Square F-Ratio P-Value

(1) (2) ) (4) () (6)
Model 0.0425534 2 0.0212767 501.00 0.0000
Residual 0.0002548 6 0.0000425
Total 0.0428082 9 0.0047565
Total (Corr.) 0.0428082 8

Budc 4. Kiém dinh cong tuyén tinh. Gia dinh cta hoi quy tuyen tinh da bién
la caC bién Xp doc 18p v6i nhau va phuong sai bang nhau. Trong moi quan hé gitra
ciy gd va rimg véi cac nhan td sinh thai, hau hét cac bién doc 1ap c6 quan hé véi
nhau & mot mic d6 nao d6. Chiang han: Dbi véi ham M = f(khi hau), cac bién khi
hau (nhiét 4, mua, ning...) lai ton tai mbi quan hé chat ché véi nhau. Khi cac bién
doc 1ap cd quan hé chat ché véi nhau, thi viée st dung cac bién doc lap dé ude
luong va dy doan bién phu thudc sé bi sai 1éch. Mt khac, néu dua vao cac bién doc
lap c6 quan hé voi nhau, thi nha 1am hoc khong thé xac dinh dung nhitng nguyén
nhan chinh anh huong dén cdy g0 va rimg. N6i chung, cong tuyén tinh xuat hién khi
hé sb tuong quan giira hai bién doc 1ap 16n hon 0,7. Trong thuc hanh, viéc kiém
dinh hién tuong cong tuyén tinh giita cac bién doc 1ap va chon nhing bién doc lap
hitu ich nhat dé xay dung ham hdi quy udc lugng phai trai qua nhiéu budc tinh toan
rat phic tap. Hién nay nhiéu phian mém théng ké (SPSS, MINITAB,
STATGRAPHICS) cho phép thuc hién cac kiém dinh cong tuyén tinh va chon
nhitng bién doc lap hitu ich nhat dé xay dung ham hoi quy udc luong. Dudi day
gidi thidu cac budce phan tich hdi quy va twong quan tuyén tinh da bién bang phan
mém thong ké SPSS va Statgraphics.

Buée 1. Tham do méi quan hé giiza Y véi cac X; va xdc dinh so bé nhiing
bién X; dira vao mé hinh. Myc dich ciia budc nay 1a xac dinh tvong quan giira Y Vi
cac X; va tuong quan gitra cac X; véi nhau thong qua mot ma trén twong quan. O
budc nay, cac bién X; duoc chon dé xay dung mé hinh hoi quy 12 nhitng bién ton tai
hé s6 tuong quan cao véi bién Y. Nguyén nhan la vi Chung anh huong 16n dén két
qua udc lugng va du doan sy thay doi cua bién Y. Luu y rang, theo nguyén ly sinh
thai hoc va 1am hoc, anh huong cua cac nhan t6 sinh thai dén cay gd va rung la
dong thot va téng hop. Theo nguyén ly nay, mac du mot s6 bién moi truong khong
t6n tai mdi quan hé chit ché vai bién phan héi (Y), nhung diéu d6 khong c6 nghia
1a ching khong anh huong dén bién Y. Bién phan hoi quan hé khong chit ché voi
bién giai thich c6 thé 1a do nhiéu nguyén nhan khac nhau. Chang han: Chon sai ddi
twong nghién ctru; dung luong mau nho; do dac thiéu chinh xac...Trong sinh théi
hoc va l1am hoc, budc xur 1y nay chi nham muc dich xac dinh nhirng nhan td sinh
thai anh hudng ro rét dén sinh trudng ciia cdy gd va rimg.

Buéc 2. Phan tich hoi quy tuyén tinh da bién. Muc dich cia budc nay 1a
nham xéc dinh céc hé s hoi quy riéng phan (Partial Regression Coefficients); kiem

dinh quan hé tuyén tinh giira bién Y véi cac bién X;; xac dinh céc hé sé hdi quy va
kiém dinh cong tuyén tinh (Collinearity Diagnostics). Tam quan trong cua tirng bién
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X; trong md hinh dwgc xac dinh bing phan tich cac hé sé twong quan trat tu khong
(Zero-order Correlations); cac hé sé héi quy chuan héa (Standardized Regression
Coefficients); hé s twong quan ting phan (Part Correlation) va hé s6 twong quan
riéng phan (Partial Correlation).

Hé sé twong quan trat tu khdng 1a hé sb twong quan giita Y véi ting X;
nhung chua loai bo anh huong tuyén tinh caa cac bién doc lap khac. Céac hé sb
twong quan ndy phan anh khong chinh xac tam ‘quan trong cua tung bién doc lap
trong ham hoi quy tuyén tinh da bién. Hé sé hdi quy chuan hoéa Beta (Beta
Standardized Coefficients) duoC xay dung nham xac dlnh muc y nghia cua ting
bién X; trong ham hoi quy tuyén tinh da bién. Cac hé s6 hdi quy chuan hda mo ta
hoi quy gita bién chUan hda Y vai cac bién chuan hoa X;. Bai vi cac hé s6 hoi quy
ting phan By (mdi hé sé duogc diéu chinh theo céac bién doc 1ap khac) 1a cac hé sb
khong duoc chuan hda (cac bién duoc do dac bang cac thang do khac nhau), nén
ching khéng thé giai thich rd tam quan trong cua ting bién trong md hinh. Hé sb
chuan hoa Beta dugc tinh theo cdng thuc 5.25; trong d6 By 1a hé s6 hoi quy ting
phan cuaa blen k, Sk1a do léch chuan cua bién doc lap tha k, Sy 1a d6 léch chuan cua
bién Y. Hé sb Beta, va hé sé B, déu phu thudc vao sb luong. blen dua vao mo hinh
va quan hé giita cac bién doc l1ap. Vi thé, ching phan anh van chua chinh xac tim
quan trong cua tirng bién sé doc lap.

Betay, = Bk(Sk/Sy) (525)

Hé s6 twong quan tirng phan do mirc 46 quan hé giita Y véi bién sb doc lap
thi i sau khi d loai bo anh huong tuyén tinh cua céac bién doc lap khac d6i vai bién
s6 doc lap thir i. Hé sd tuong quan riéng phan do muc do quan hé gitra bién Y voi
bién doc 1ap thir i sau khi da loai bo anh huong tuyén tinh caa céc bién doc 1ap khac
d6i v6i ca bién Y 13n bién doc lap thi i.

Binh phuong cua h¢ s6 tuong quan tng phan dugc tinh theo cong thuc 5.26.
Binh phuong cta hé sé twong quan riéng phan dugc tinh theo cong thuc 5.27. O
cong thuc 5.26 va 5.27, R? 13 bmh phuong cta hé sb tuong quan da bién khi md
hinh bao gom tat ca cac bién X;; R® () 1a binh phuong cua hé so twong quan da bién
khi tat Ca cac bién déu duogc dua vao mé hinh trir bién i. Boi vi mau sb cua PR. <1,
nén PR, > R? Change- Thuc chét cta viée tinh hé sd R? Change la nham xac dinh bién doc
lap thir i dwa vao mo hinh c6 1am thay d6i dang ké hé sb twong quan da bién hay
khéng.

RZChange =R%-R?, (5.26)
2 R? - R%

Théng ké c@ng tuyén tinh (Collinearity Statistics) do muc do quan hé tuyén
tinh gitra céc bién doc 1ap (X;). Bé do mirc do cong tuyén tinh, ngudi ta sir dung
thong ké do chap nhan (Tolerance) va yéu té khuyéch dai phuong sai (Variance
Inflation Factor = VIF). B chap nhan caa bién X; dugc tinh theo cong thic 5.28;
trong d6 R% = hé sb tuong quan gitra bién doc 1ap thtr i véi cac bién doc lap khéc.
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Xi=1-R% (5.28)

Khi bién doc 1ap tha the i c6 quan hé yéu (R% nho) véi cac bién doc lap
khac, thi do chip nhan cao. Nguoc lai, khi bién doc lap tha thir i ¢6 quan hé chat
ch& (R? 16n) véi cac bién doc lap khéc, thi do chap nhan thip. Néi chung, do chap
nhan cua bién tht i dugc tinh nhiam xac dinh bién nay c6 ¥ nghia trong md hinh hay
khong. Tiéu chuan do chap nhan mic dinh 1a 0,0001. Vi thé, néu mot bién duoc dua
vao mo hinh, thi &6 chap nhan caa nd phai 16n hon 0,0001.

Yéu té khuyéch dai phuong sai cua bién X; (VIF) 1a tri sb nghich dao cua do
chap nhan (Cong thirc 5.29). Noi chung, VIF; 1a phuong sai cua hé s6 hdi quy thi i.
Khi VIF; 16n, thi hé s6 hoi quy thir i bién dong manh. Su bién dong manh cua hé sé
hoi quy thir i cho biét bién nay c6 y nghia kém trong mé hinh.

1
1

Kiém dinh cong tuyén tinh (Collinearity Diagnostics) con dugc xac dinh theo
c4c sb dac trung (Eigenvalue), cac chi s diéu kién (Condition Index = CI) va phan
dong gop trong phuong sai (Variance Proportlons) Gia tri dac trung (Eigenvalue)
cho biét s6 lwgng chiéu (Dlmen3|ons) hay s6 luong bién doc 1ap trong mé hinh. Khi
gia tri dac trung = 0 th| cac bién Xi c6 quan hé chat ché véi nhau. Céc chi sé Cl l1a
cdn bac 2 cua cac ty s6 gitra gia tri dac trung 16n nhat (Eigenvaluemay) va tung gia
tri déc trung ké tiép véi tirng bién. Néu chi sé CI cua mot bién nao d6 16n hon 15,
thi bién s6 d6 c6 hién tugng cong tuyén tinh véi nhitng bién khac. Cac phan déng
gop trong phuong sai (Variance Proportions) 13 cac phan phuong sai ctia nhiing udc
luong duoc giai thich boi tirng bd phan c6 lién quan dén ting tri sé Eigenvalue. Néu
mot bién sb nao d6 c6 hién twong cong tuyén tinh vai cac bién doc 1ap khéc, thi nd
dong gop lon trong phuong sai cua cac bién khéac. Noi chung, khi mot bién doc 1ap
c6 quan hé tuyén tinh voi nhitng bién doc 1ap khac, thi VIP >> 1 va CI >> 15.

Buée 3. Xay ding md hinh héi quy da tuyén tinh. Budc nay duoc thuc hién
sau khi chon dugc nhitng bién du doan (X = doc lap, giai thich) c6 quan hé chat ché
vé6i bién phu thuoc (Y). Truéc khi xay dung mo hinh, chiing ta can phan tich céc
bién duoc dua vao va loai ra khéi ham hdi quy va nhiing théng ké cua céc bién
khong dugc dua vao mo hinh.

(a) Nhizng bién duoc dwa vao va loai ra khéi mé hinh. Khi c6 nhiéu bién doc
lap duoc chon dé xay dung md hinh, chung ta can biét nhirng bién nao tao ra mot
mo hinh tdt (sai 1éch uéc lugng va sai 1éch du doan déu nho). Nhitng bién dua vao
va loai ra khoi mé hinh dugc xac dinh theo phuwong phap chon bién timg budc
(Stepwise Method). Muc dich caa chon bién ting buéc 1a nham xac dinh nhiing
bién dy doan hiru ich dé dua vao mé hinh. Trudc khi xem xét cac thu tuc xay dung
mé hinh, chiing ta can phan tich két qua khi dua vao hoac loai bo céc bién trong md
hinh cling nhu cac thong ké ddi vai cac bién khong ¢ trong m6 hinh. Trong 1am hoc,
viéc lam nay la rat quan trong boi vi ching ta cén blet khong chi vai trd ciia nhan tb
sinh thai chu yéu, ma con ca nhan té sinh thai thir yéu.
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(b) Phan tich mét bién duwoc dwa vao hay loai ra khéi md hinh. Mot bién
dugc dua vao mo hll’lh khi n6 lam thay ddi dang ké hé sb xac dinh cua mé hinh
tuyen tinh da bién (R). De biét mot bién dua vao mo hinh 1am thay do6i dang ké hé
s6 R® ngum ta tinh hé sb twong quan tirng phan R? Change- Gia thuyét Ho: R® Change =
0. Gla thuyét nay duoc kiém dinh bang théng ké F riéng phan (Fcnange)- Thong ké
Fcnange dugcC tinh theo cong thuc 5.30; trong d6 N = dung Iwgng mau, p = so lugng
bién doc 1ap, q = sé luong bién duoc dwa vao md hinh & timg budc, R? = binh
phuong cua hé sb twong quan giira bién phu thudc véi nhitng vién doc lap ¢ budc
truéc. Quy tac quyet dinh: Bac bo Hy néu P (Sig. Fchange) < a (o = 0,05 hodc
0,01). Gia thuyét R? change = O cling tuong ddng véi gia thuyet cac tham sb b; = 0.
Gia thuyét nay duoc kiém dinh bang thdng ké T. Bac bo Ho néu P > 0,05.

R N-p-1
FChange Ch(a?i( R I)J ) (530)

(c) Phan tich nhitng thong ké cua nhitng bién khéng ¢ trong mé hinh. Muc
dich ctia viéc nay l1a xac dinh nhitng bién nao s& dugc dua vao mé hinh ¢ budc tiép
theo. Piéu nay dugc xac dinh bang cac thong ké Beta In, T va hé sé twong quan
riéng phan. Thong ké Beta In twong tng véi mdi bién 13 hé s héi quy chuan hoa
ctiia mdi bién khi n6 duoc dua vao & budc tiép theo. Gia thuyét Hy: Beta In = 0. Gia
thuyét nay duoc kiém dinh bang thong ké T. Khi mic ¥ nghia cta théng ké T nho
(P < 0,05 hay 0,01), thi gia thuyét Ho bi bac bo. Khi gia thuyét Hy bi bac bo, thi bién
ay s& duoc dua vao mo hinh ¢ budc sau.

(d) Xdc dinh s6 lwong bién du dodn toi wu. V& ly thuyét, khi dua vao mo
hinh cang nhiéu bién, thi hé sé xac dinh (R?) cang cao. Mt khac, hé sb R? s& khong
bao gio giam khi cac bién du doan tiép tuc dugce dua vao mé hinh. Nhung mot md
hinh véi nhiéu bién du doan Kkhong c6 nghia la n6 s& phu hop hon voi tong thé. Mot
mo hinh nhiéu bién cd thé dan dén 1am tang sai s6 Chuan cua udce lugng va két qua
du doan tréch. Vi thé, xac dinh nhitng bién du doan toi wu 1a can thiét. Bé dat duoc
muc dich nay, ngudi ta s dung hé sé R? didu chinh (Adjusted R? = R%,) (Céng thirc
5.31); trong d6 n = kich thudc mau hay sé cap bién Y va X, p = s6 bién dy doan dua
vao md hinh. Tir cong thirc 5.31 cho thiy, khi p tang Ién thi R%, giam xudng. Hé sé
R?, khong nhét thiét ting 1én khi dua thém mot bién vao mé hinh. Vi thé, R?, 1a
thude do mirc do phi hop ciia cac bién doc lap trong mé hinh.

R%=1-(1-R)*— (5.31)

Bugc 4. Xac dinh phiwong phdp chon bién. Trong phan tich hoi quy tuyen
tinh da bién, cac bién c6 thé dugc chon theo ba phuong phap.

(&) Phuong phdp loai bo dan ting bién (Backward selection). Phuong phap
nay khoi dau voi tat ca cac bién duoc dua vao mo hinh. Sau d6, chuong trinh s&

tuan ty loai bo dan tirng bién thong qua tiéu chuan loai trir (Removal Criteria). Pay
la phuong phap mac dinh ctia chuong trinh. D€ loai trir dan ting bién, chuong trinh
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sir dung hai tiéu chuan Fg, (F to Remove) va xac suit tbi da cua Fg, (Probability of
F to remove).

(al) Tiéu chudn Fg, (F to Remove). Mot bién duge dé lai trong md hinh khi
Fra > Fra tiéu chuan (Fyin). Nguoc lai, mot bién bi loai ra khoi md hinh khi Fg, <
Fuin. Gia tri Fyin = 2,71, Gid tri Fyin €0 thé duoc thay ddi theo yéu cau cia nha
nghién cuu.

(a2) Tiéu chudn X&c sudt toi da cua Fgr, (Probability of F to remove). Mot
bién duoc dé lai trong md hinh khi xac suit cua F tinh phai nho hon xac suit tiéu
chuan va nguoc lai. Gia tri x4c sut tidu chuan mic dinh 12 0,10.

(b) Phwong phdp dwa dan timg bién vao (Forward Selection). Phuong phép
nay khai dau vai mé hinh khdng cé bién ndo. Sau d6 chon dan ting bién dua vao
mo hinh. O budc thir nhat, bién dy doan dau tién 1a bién c6 hé sé twong quan cao
nhat. O nhitng budc tiép theo, bién nao cd hé sb tuwong quan cuc bd cao nhat s&
dugc dwa dan vao. Luu y rang mot bién X; dugc dua vao mo hinh khi né 1am cho hé
s6 R? thay dbi dang ké hodc hé sé b; = 0. Gia thuyét b = 0 duoc kiém dinh theo
thong ké F. Thong ké F duoc xac dinh theo hai tiéu chuan Fyy, (F to enter) va xéac
Xuat cua Fy;, (Probability of F to enter).

(b1) Tiéu chudn Fys, (F to enter). Gia tri mic dinh cua F to enter 14 3,84. Vi
thé, mot bién dugc dwa vao khi Friy, > 3,84. Khi mot bién khong thoa man diéu kién
nay, thi bién 4y s& bi loai ra & buéc sau. Gia tri Fy,, €6 thé thay d6i theo yéu cau cua
nha nghién cuu.

(b2) Tiéu chudn xac xudt cua Fy,, (Probability of F to enter). X4ac xuat mac
dinh cua Fys = 0,05. Vi thé, khi mot bién duoc dua vao mo hinh thi P < 0,05 (mic
dinh). Gia tri P c6 thé thay d6i theo yéu cau cta nha nghién ctru. Chang han: P =
0,01 - 0,10.

Néu nhiing diéu kién trén day dugc thoa man, thi nhimg budc tiép theo s&
duoc thuc hi’én tiep. Nguoc lai, khi nhirng diéu kién nay khong dugc thoa man, thi
viéc chon bién sé dung.

Luu ¥ rang chuong trinh khong bao cao két qua cia thong ké F ma dua ra
thdng ké T. Hai théng ké nay 1a twong ddng v&i nhau vi T2 = F. Khi chon tiéu chuan
Fyao, thi két qua co thé khéc véi viéc chon xac xuat caa Fy,,. Didu nay xay ra 1a vi,
khi dua cac bién vao mé hinh, sé bac ty do cua tong binh phuong phan du (SS) sé
giam xudng, nhung bac tu do cua hoi quy lai ting 1én. Vi thé, khi cho mot gia tri F
c¢b dinh, thi mirc ¥ nghia s& thay doi theo sé luong bién dwa vao. Khi dung luong
quan sat 1on, thi sy khac biét nay s¢ giam.

(c) Phirong phdp chon bién timg bwdéc (Stepwise selection). Phuong phap
nay 1a sy két hop gitta hai phuong phap dua dan vao va loai bo dan ting bién doc
lap. Pay 1a phuong phép thong dung nhat. Truéc hét, chuong trinh bat dau chon
bién thir 1. Khi bién tht 1 thoa diéu kién vao (Fyz, = FIN va P = PIN), thi chuong
trinh s& tiép tuc chon bién thir 2. Bién thir 2 dugc chon 14 bién cd hé s twong quan
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riéng phan cao nhét. Khac véi tha tuc dua dan vao tirng bién, thu tuc chon bién ting
budc xem xét ¢d nén loai bo bién thir nhat hay khong dwa theo tiéu chuan Fg, (F to
remove) hoac Xac suét ciia Fr,. Cach thirc ndy gidng nhu thi tuc loai trir dan ting
bién. O nhimg budc ké tlep, nhitng bién nao khdng & trong mo hinh s& dugc xem
xét dé dua dan vao. Néu bién dua vao md hinh & bude sau tot hon, thi cac bién &
trong md hinh trudc d6 duge xem xét lai dé loai ra. Khi khong con bién nao thoa
diéu kién loai ra, thi chuong trinh s& dirng.

Trong phuong phap chon bién ting budc, mot blen gidi thich co thé duoc
dua vao va loai ra nhiéu lan. Mat khéc, ¥ nghia cua mdi bién giai thich phu thude
vao tht ty ma nd dugc dua vao mo hinh. Pé tranh hién tuong nay, Xac suat vao phai
nho hon xéc suat ra hay Fy > Four. Tha tuc s& ding khi khong con bién giai thich
nao théa man diéu kién vao va ra.

Trén day la ly thuyét ctia phuong phap chon bién timg budc trong phén tich
hoi quy tuyén tinh da bién. Khi ap dung phuong phap nay dé xdy dung cac ham
phan hoi cta cdy gb va rirng, nha 1am hoc can luu y mot s6 van dé dudi day.

(1) Xac dinh thtr ty anh huéng ciia cac bién giai thich. Boéi vi ¥ nghia cia
mdi bién gidi thich phu thudc vao thtr ty ma né dugc dua vao mod hinh, nén viéc
chon bién nao dua vao trudc va sau phai thay ddi tiy theo muyc tiéu nghién ciru.
Chang han: Muc tiéu nghién ctru 1a xac dinh nhitng thang ma nhiét do khong khi
anh huong 16n dén ting trudong bé rong vong nam cua Thong ba 14 (Pinus kesiya
Royle ex Gordon). Trong truong hop nay, nha 1am hoc phai s dung phuong phap
chon bién ting budc dé loc ra cac thang theo thir tu tir anh hudng thap dén anh
huong 16n hodc nguoc lai. Trai lai, myc tiéu nghién ctru 13 xay dung ham phan hoi
dé giai thich anh huéng cua nhiét ¢6 khong khi trong nam dén ting trudng bé rong
vong ndm cua Thong ba 14. Gia st nhiét o khong khi thang 2 va thang 4 anh huong
tuong tu nhu nhau dén ting trudng bé rong vong nim ciia Thong ba 14. Néu sir dung
phuong phép chon bién timg budc va dua nhiét do khong khi thang 4 vao trude
thang 2, thi ham phan hoi khong bao gém thang 2. Piéu d6 xay ra 1a vi chuong trinh
uu tién chon bién dua vao trudc. Cach chon bién nay 1a khong hop 1y boi vi ca hai
nhan to nay déu anh hu(mg nhu nhau den ting truong bé rong vong nam cia Thong
ba 14. Vi thé, ham phan hoi phai bao gdm ca nhiét d6 khong khi thang 2 va thang 4.
Khi st dung ham dé udc luong va du doan ting trudong bé rong vong nim cua
Théng ba 14, thi thir tir timg bién 1a khong quan trong.

(2) Chon cach béo cdo két qua trong phan phan tich hdi quy tuyén tinh da
bién. Cac phan mém théng ké cho phép ngudi sir dung chon lwa hai cach bao cdo
két qua phan tich ham hoi quy tuyén tinh da bién. Cach thir nhat chi bao cdo tom tit
két qua phan tich ham hdi quy thich hop nhéat. Uu diém cia cach bao céo nay 1a
gitip cho nha 1am hoc thu duoc nhitng ham phan héi thich hop dé sir dung vao viée
udc lugng va du doan bién phan hoi tir nhitng bién du doan. Céach thi hai bao cao
chi tiét cac thong tin cua tig budc phan tich ham hoi quy. Dleu nay la rat hiru ich,
bai vi nhitng thong tin nay gitp ich cho nha 1am hoc hiéu rd vé vai tro cia timg bién
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giai thich trong ham phan hoi. Vi thé, tuy theo muc dich dit ra, nha 1am hoc c6 thé
chon cach bao cao nao.

5.2.2.3. Ung dung phdn tich hoi quy trong lim hoc

Cay gb va rimg chiu anh hudng tong hop cta nhiéu nhan t6 sinh thai khac
nhau; trong d6 mot s6 nhan tb sinh thai gitr vai tro chu dao, con mot s6 nhén t6 sinh
thai khac chi giit vai tro th yéu. Pé xac dinh 13 vai tro cia nhirmg nhén sinh thai
nay, lam hoc str dung phuong phap phan tich hdi quy tuyén tinh. Hoi quy tuyén tinh
don dugc su dung dé phan tich phan hdi cta ciy gb va rimg voi mot bién giai thich.
Hbi quy tuyén tinh da bién dugc sir dung dé phén tich phan hdi cua cay g0 va rung
Vvoi hai hay nhiéu bién giai thich. Dudi day dan nghlen clru cua Nguyen Vin Nhan
(2018) v€ anh hudng cua nhi¢t do khong khi (T°C) dén ting truong bé rong vong
nam (ZD, mm) cua Du sam (Keteleeria evelyniana Master) tai khu vuc Burc Trong
thugc tinh Lam Ddng. Myc tiéu ciia nghién ctru nay 13 xac dinh nhiing thang ma
nhiét d6 khong khi anh huang rd rét dén tang treong bé rong vong nam cua Du sam.
Pé loai bé anh huong cua tudi cay (A, nam) va bién dong nhiét do theo nam, cac gia
tri ZD va nhiét d6 khong khi ciia cac thang trong ndm duoc chuyén twong ting thanh
chi s6 bé rong vong nam (Kd) va chi s nhiét do (T) theo phuong phap binh quéan di
dong 3 nam. Chudi sb liéu Kd va T duge thu thap 33 nam tr 1980 — 2013 (Phu luc 3
va 4). Pé xac dinh mdi quan hé gitta chi s6 Kd véi cac chi s T cua 12 thang trong
nam (Ty.1,) bang phin mém SPSS, cac budc thue hién nhu dudi déy.

Budc 1. Ghi cac bién Kd va T; — Ty, tir nam 1980 — 2013 vao 13 cdt khac
nhau (Hinh 5.4).
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Hinh 5.4. Chi s6 Kd cua Du sam va chi s6 Ty — Ty, tir 1980 - 2013.

Budc 2. Phén tich twong quan gitra chi s6 Kd véi cac chi s6 T; — T, Budc
nay duoc dit ra nhim xac dinh khuynh huéng va cuong d6 ctia mdi quan hé Kd =
f(T). Pé dat myc dich nay, trudc hét vao duong dan: Analyze > Correlate >
Bivariate. Dén day xuét hién ctra s6 Bivariate Correlations. Tai clra s6 nay, chon Kd
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va Ty — Ty, 16i chuyén ching vao 6 Variables (Hinh 5.5). Sau d6 chon OK dé nhan
ma tran twong quan Kd = f(T4.1,) (Hinh 5.6).

#3 Bivanate Correlations -
o Mariables
& Nam o
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Hinh 5.5. S6 liéu dé x4c dinh twong quan Kd = f(T1.12).

[ L T p— - -

L, e e et e e e e

Hinh 5.6. Ma tran tuong quan Kd = f(T1.1,).

Bang 5.5 tom tat két qua phan tich mdi quan hé giira chi s Kd cua Du sam
vei T khong khi cua céc thang trong nam. O Bang 5.5, r 1a hé s6 twong quan, P 13
murc y nghia thong ké, N 14 s6 nam nghién ciru, Thang (1-4),(5-10), (11 -12) va
(11 — 3) 14 t6 hop nhiét do trung binh cta cac thang. Tir sb liéu ¢ Bang 5.5 cho thiy,
nhiét do khdng khi nang cao vao céc thang 1 — 10 va thang 11 nam trudc dén thang
3 nam sau déu dan dén sy suy giam (hé sb r 4m) téng truong bé rc}ng vong nam cua
Du sam. Trai lai, sy gia tang nhi¢t do khong khi vao thang 11 va 12 lai dan dén su
nhang cao (hé sO 1 duong) tang trudng bé rong vong nam cua Du sam. Tuy vay, chi
s6 Kd chi biéu hién méi quan hé rd rét véi T, (r = -0,381; P = 0,029), T, (r = -0,364;
P =0,037), T4 (r =-0,601; P = 0,000), T, (r = -0,495; P = 0,003), T; (r =-0,601; P <
0,001), Tyo (r =-0,459; P = 0,007), T14 (r =-0,506; P = 0,003) va Ts.4 (r = -0,6009;
P <0,001).
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Bang 5.5. Mdi quan hé giita ting trueéng bé rong vong nim cua Du sam véi nhiét do
khéng khi cta cac thang trong nam.

Thang r P N Thang r P N
(1) (2) B @ (5) (6) 7 ®
1 -0,381 0,029 33 9 -0,332 0,059 33
2 -0,364 0,037 33 10 -0,459 0,007 33
3 -0,313 0,076 33 11 0,151 0,403 33
4 -0,601 0,000 33 12 0,254 0,154 33
5 -0,331 0,060 33 1-4 -0,506 0,003 33
6 -0,495 0,003 33 5-10 -0,609 0,000 33
7 -0,601 0,000 33 11-12 0,244 0,172 33
8 -0,030 0,869 33 11-3 -0,208 0,246 33

Budc 3. Phan tich vai tro ciia nhiét d6 khong khi ddi véi tang trudng bé rong
vong nam cua Du sam. Két qua phan tich ¢ budc 2 chi cho biét khuynh hudng (dau
ctia hé sd tuong quan r) va cuong do (do lon cua hé s6 tuong quan r) cua moi quan
hé glu’a chi s6 Kd véi T. Dé xac dinh rd vai tro ctia 6 nhan to (Ty, Ty, Ty, Tg, T7 va
T1o) ddi voi ting truong bé rong vong nam cua Du sam, chiing ta phai st dung k§
thuat phan tich hoéi quy twong quan riéng phan Pé dat muc dich nay, trude hét vao
duong dan: Analyze > Regression Linear. Dén ddy xuat hién cira so hdi quy tuyén
tinh (Linear Regression). Tai cura s6 nay, chon Kd va chuyén vao 6 Dependent. Ké
dén chon lan lugt Tq, Ty, Ts, Te, T7 va Tip va chuyen ching vao 6 Independent(s).
Luu y rang, sau khi dua mot bién T; vao 6 Independent(s), thi phai chon Next va
tiép tuc dua vao bién khac. Sau khi dua hét cic bién giai thich vao do 6
Independent(s), chon Stepwise va Statistic va danh dau cac thong ké nhu Hinh 5.7.
O day st dung tiéu chuan Fy,, = 3,84 va F,, = 2,71. Cudi cung chon OK dé nhan
két qua phan tich hoi quy tuong quan riéng phan (Bang 5.6).
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Hinh 5.7. K§ thuét phan tich hdi quy tuong quan riéng phan.

128



Bang 5.6. Phan tich vai tro cua nhiét do khong khi ddi véi ting treéng bé rong vong
nam cua Du sam.

(5.6a) Thong ké sy thay doi ctia cac bién T trong 6 md hinh®.

Change Statistics
Model R SEE R Square Change  F Change dfl df2 Sig. F Change
1 0,381% 0,07866 0,145 52563 1 31 0,029
2 0,443 0,07753 0,051 1915 1 30 0,177
3 0,617° 0,06918 0,185 8675 1 29 0,006
4 0,684d 0,06529 0,087 4561 1 28 0,042
5 0,699° 0,06517 0,021 1,106 1 27 0,302
6 0,734" 0,06306 0,050 2,839 1 26 0,104

(*) Mo hinh 1: Kd = ag + alTl.

Mo hinh 2: Kd=ag+ a;T; + a,T,.

M0 hinh 3: Kd = agta Ty +a T, +asl,

Mo hinh 4: Kd=ag+ a; Ty +a T, +azTs+asTe

Mo hinh 5: Kd=ag+ a;T;+a T+ azTs+asTgtasly

Mo hinh 6: Kd=ag+a; Ty +ayTo+azTs+asTg+tasl;+aglg

(5.6b) Y nghia cta timg bién T trong mo hinh.

Standardized Coefficients . Collinearity Statistics
Model Beta T Sig. Tolerance g VIF
(Constant) 6,516 0,000

T -0,114 -0,679 0,503 0,633 1,580

T, -0,112 -0,697 0,492 0,682 1,466

6 T, -0,269 -1,182 0,248 0,342 2,924
Te -0,049 -0,232 0,819 0,401 2,492

T, -0,246 -1,001 0,326 0,294 3,404

Tio -0,264 -1,685 0,104 0,720 1,390

Tir s6 lidu & Bang 5.6a cho thay, ba bién (Ty, T, va Tg) dua vao mo hinh Kd
= f(T;) 1a c6 y nghia 16n (P < 0,05). Trai lai, ba bién (T,, T7va Tyg) dua vao mod
hinh Kd = f(T;) 12 kém ¥ nghia (P > 0,05). Bé don gian, mé hinh Kd = f(T;) c¢6 thé
chi bao gom ba bién (T1, T, va Tg). Néu mo hinh bao gom tat ca 6 bién (T4, T, Ty,
Te, T+ va T1g) (Bang 5.6b), thi ting treong bé rong vong nim ctia Du sam phu thudc
nhiéu nhat vao T, (hé sb hdi quy chuan hoa |-0,269)]); ké dén 1a Ty, (hé s6 hoi quy
chuan hoa |-0,264[) va T; (hé s6 hoi quy chuan hoa |0,246]); thap nhat 1a Te (hé s6
hoi quy chUan hoa [-0,049|. Noi chung, su néng cao nhiét d6 khéng khi c6 anh
huong xau dén ting truong bé rong vong nim cta Du sam.

5.3. Ham hoi quy béc hai va ing dung trong 1am hoc
5.3.1. Khai quat vé ham hdi quy bac hai

Ham hdi quy bac 2 c¢6 dang nhu ham 5.32; trong d6 Y = bién phan h01 ky
vong; X = bién giai thich; bo, b; va b, = cac tham sd; e = sai sd. Céac tham sb cua
ham bac 2 dugc xac dinh bang phuong phap binh phurong nhé nhét.

Y =bg+ b X +b,X?+e (5.32)

129



Khi hé sd cua X2 mang gia tri am, thi dd thi ctia ham bac 2 ¢6 dang hinh
chuéng vé6i 1 dinh ndm trén truc hoanh. Khi hé sb ciia X mang gia tri duong, thi d6
thi cua ham bac 2 ¢6 dang hinh chudng véi 1 dinh nam duéi tryc hoanh.

5.3.2. Ung dung ham héi quy béc hai trong 1am hoc

Theo dinh luat Shelfords (1913; Dan theo Nguyén Van Thém, 2002), khi cac
nhan t6 sinh thai khac 1a ddng nhat, thi phan hdi cta ciy g va rimg dbi véi su thay
d6i ciia mot nhan t6 sinh thai tudn theo ham bac 2. Vé mat toan hoc, khi mot dai
lwong c6 phan bd chudn, thi xac suit bt gip cc gid tri ndm trong khoang Xgq £ S,
Xpg £ 2*S va XBq £ 3*S (v61 Xgq = gia tri binh quén, S = sai tiéu chuén) twong tng
1a 68%, 95% va 99%. Theo quy luat nay, cac nha sinh thai hoc va lam hoc xem cac
gi4 tri ciia mot nhan t sinh thai phan b trong ba khoang Xgg £ S, Xgg £ 2*S va Xgy

+ 4*S tuong Gmg 1a vung t61 wu sinh thai, bién do sinh thai (Vung hoat dong binh
thuong) va pham vi chéng chiu (Vung song) cua cdy gd va rung. Gia tri trung tam
(XBq) ctia ving toi wu sinh thai 13 t6i uvu sinh thai (Hinh 5. 8). Téi uu sinh thai 1a gia
tri ciia bién giai thich dam bao cho cay gd va rung song tot nhat. Bién do sinh thai 1a
pham vi cua bién giai thich dam bao cho cay gd va ring song binh thuong. Pham vi
chdng chiu 1 ranh gidi cua bién giai thich dam bao cho cay gb va rimg c6 thé song.
Cac gia tri X < (XBq 4*8) va X > (XBq +4*S) la vung bi trc ché va tir vong. Trong
hai vung nay, xac suat bat gip cdy go va rung con song la dudi 0,1%. D6 phong phi
16n nhat (Yma) 12 gid tri ciia bién phan hdi cao nhét tai gi tri cia bién giai thich tdi
uu (XOpt)

Do phong phu (Y)

Uc che va ta
vong dudi

~
~

Uc ché va tir vong trén
7

~J

—
X
X
_(.? -
X

Hinh 5.8. Buong cong phan hdi cta cay gd va rimg véi méi truong.

Theo Jongman va ctv (1987), khi khao sat cac ham phan hoi bac 2, chung ta
c¢6 thé xac dinh dugc cac phan hoi (Y;) cia ciy g va rimg, toi uu sinh thai (Cong
thire 5.33), ving ti wu sinh thai (Cong thic 5.34), ving tac dong binh thudng cia
nhan t sinh thai (Cong thirc 5.35), pham vi chdng chiu (Cong thirc 5.36) va phan
hoi 16n nhat (Cong thirc 5.37). O cac cong thirc 5.33 - 5.36, gia tri +Tx 1a bién do
sinh thai.

Xorr = 51 5:33)
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Xeg = Xopr + Tx (5.34)

Xoso = Xopr + 2% Tx (5.35)

Xogg 0% = Xopt £ 4*Tx (5.36)
1

VOl Tx = \/2_b2

Ymax = Do + by Xopr - D2 Xopr? (5.37)

Gia thiét phan tich anh hu:ong cua ham luong mun (Xl%) va pHppo (Xp) 6
tang dat mat (0 — 30 cm) cua dat Bazan nau do dén sinh trudng chiéu cao (H, m) ciia
Dau song nang 2 nam tudi. Sb lidu vé vaa hai bién X; va X, du:gc ghi lai ¢ Phu luc
5. Trong truong hop nay, chung ta cé thé xay dung 3 ham phan hoi khac nhau.

Ham 1: H = ag+ a;X; - 8X,”. Ham nay cho phép xéc dinh phan hdi cia Dau
song nang v&1 ham lugng mun trong dat.

Ham 2: H = by + b;X; - b,X,%. Ham nay cho phép xéc dinh phan hdi ciia Dau
song nang voi trang thai pHy,o trong dung dich dat.

Ham 3: H =co+ lel - C2X12 + C3Xo — C4X22 + CE,,X]_*XZ. Ham nély cho phép
xac dinh phan héi cia Dau song nang voi ca hai nhén t6 X; va X,. Noi cach khac,
ham nay cho phép xac dinh anh hudng tong hop cua hai nhan to X; va X, dén sinh
truong cuia Dau song nang.

Trong thyc hanh, ching ta c6 thé xay dung ba ham phan hdi trén day bang
phan mém Statgraphics. Cac budc xay dung ham phan hoi nhu dudi day.

Budce 1. Ghi ba bién H, X; va X, vao ba cot khac nhau (Hinh 5.9).
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Hinh 5.9. S6 liéu dé xay dung ham phan héi H = (X3, X5).

Budc 2. Xay dung ham phan hdi H = ag+ a;X; - a,X,°. Trudc hét vao duong
dan: Improve > Regression Analysis > One Factor > Polynorminal Regression. Pén
day mot clra s6 xudt hién. Tai ctra s6 ndy, chon H va X, rdi chuyén ching vao 6 Y
va 6 X (Hinh 5.10).
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Budc 3. Xac dinh cac thong tin cua ham ph,én hoi H = ag+ a;X; - a2X12. D,é
dat dugc muc dich nay, chon OK ¢ Hinh 5.10. Bén day chuong trinh bdo cao két
qua phan tich hoi quy H = f(X;) (Hinh 5.11).

Budc 4. Xy dyng ham phan hdi H = by + b;X, - b,X,". Céc bude xay dung
ham phan hoi nay ciing dugc thuc hién trong tu nhu ham phan hoi H = f(X,).

Budc 5. Xay dyng ham phan hoi H = ¢y + ¢ X4 - 02X1 + C3X, — C4X2
CsX1*Xz. O céac budc 1 — 4, Chung ta chi xay dyng ham phan hoi riéng & véi timg
nhan t6 X; va X,. Theo 1y thuyet 1am hoc, cay gd va ring chiju anh hudng dong thoi
va tong hop cua nhiéu nhén t sinh thai. Mat khac, su twong tac gitra cac nhan t6
sinh thai cing anh huong dén cay gb va rung. Vi thé, dé phan tich anh huong cua
ting nhan t6 X; va X, va anh huong tong hop cua hai nhan té nay, chung ta can
phai xdy dung ham H = f(X;, X5, X1*X;) duéi dang ham 5.38. Ham nay ciing co thé
dugc mé rong cho 3 hay nhiéu nhén t6 giai thich khac.
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Hinh 5.10. Xac dinh ham phan hoi H = f(X,).
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Hinh 5.11. Két qua phan tich ham phan héi H = f(X,).
H=co+ X - C2X12 + Cc3X, — C4X22 + cs X1 * X5 (538)
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DPé xdy dyng ham 5.38, trudc hét vao duong dan: Improve > Regression
Analysis > Multiple Factor > Multiple Regression. Dén diy mot cira s6 xut hién.
Tai ctra sb nay, chon H, Xl, X5 va X]_*Xz va chuyen chung vao 0 Y va 6 X (Hinh
5.12). Sau d6 chon OK dé nhan két qua phan tich hoi quy H = f(Xy, Xp, X1*Xy)
(Hinh 5.13).

Luu y rang, khi cdn phan tich timg nhan t6, thi chung ta thyc hién riéng r&
cac budc xu ly tir 1 - 4. Néu chi can tmh toan cac tham so sinh thai (Ty, Xopt, Xos59%,
Xg9.9%), Hmax va phén tich anh huong tong hop cua hai hay nhiéu nhn t6 sinh thai,
thi ching ta chi can thuc hién bude 1 va budce 5.
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Hinh 5.12. X4c dinh ham phan hdi H = f(X1, Xp, X1*Xy).

Budc 6. Phan tich cic tham sb sinh thai ddi véi bién X, va X,. Trude hét
Copy ham phan hoi & Hinh 5.13 va chuyén vao File Word. Ké dén Copy két qua
ham phan hoi ¢ File Word va chuyén vao File Excel. Tai day, tinh todn Tx, Xop,
X95%, ngyg% va HMax theo cac céng thie 5.33 - 5.37.
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Hinh 5.13. Két qua phan tich ham phan hdi H = f(Xy, X,, X1*X,).
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Budc 7. Béo c4o va phan tich cac ham phan hoi. Phan nay co6 thé bao cdo
riéng 1& theo tirng nhan t6 sinh thai hodc béo céo chung cho nhiéu nhén td sinh thai.
Bang 5.7 dan bdo céo tom tat cac két qua phan tich ham phan héi H = (X4, X,,
X1*X5). Két qua & Bang 5. .7 cho thay ham phan hdi H = f(X4, X,, X1 X,) ton tai thuc
su (P < 0,01). Cac tham sb co — Cs cling ton tai thuc sy (P <0,01). Vi thé, ham H =
(X1, X, X1X2) dugc st dung dé xac dinh cac tham s sinh thai déi véi cay con Dau
song nang 2 tudi va udc lugng H theo hai bién X; va X, (Bang 5.8; Hinh 5.14 va
5.15).

Bang 5.7. Ham phan hoi cua cdy con Dau song nang 2 nim tudi ddi véi ham luong
mun (X;%) va pHppo (X5) ¢ tang dat mat (0 — 30 cm) ctia dat Bazan.

Tham s Udc luong SEE T P
o (2) 3) (4) (5)
Hing sb -5,12170 0,87445 -5,85703 0,000
X4 0,36271 0,06398  5,66920 0,000
X4 -0,00561 0,00155 -3,61387 0,000
X, 2,55110 0,37195  6,85869 0,000
X, -0,22781 0,03798 -5,99882 0,000
X1*X, -0,03666 0,01184 -3,09743 0,002
R 66,2%
SEE 0,34
MAE 0,27
P-Value <0,001

Béng 5.8. Nhitng tham s6 sinh thai d6i Vi sinh truéng cua cay con Dau song ning
2 nam tuoi.
Nhantdo Xopr T XggxT  Xgqx2*T  Xggx4*T  Hyax (M)

o @ 6 (4) () (6) (7)
Mun (%) 176 96  8-27 0-37 0-56 35
PHio 52 15 3,7-66 22-81 0-10 35

Phén tich s6 liéu & Bang 5.8 cho thay cdy con Dau song nang chi séng sot
trén moi truong dat c6 ham luong mun dao dong tir 0 — 56% va pHyo < 10. NO
song binh thudng trén moi truong dat c6 ham luong mun dao dong tir 0 — 37% va
PH20 = 2.2 - 8,1. N6 song tot trén moi truong dat co6 ham luong mun dao dong tir 8
—27% va pHppo = 3,7 — 6,6. Mt khéac, su ph01 hop gitra mun va pHy,o dnh hudng
1d rét (P < 0,01) dén sinh trudong cua cdy con Dau song nang.

Luu y rang mudn biét rd su phdi hop gilta hai nhan t6 mun va pHizo anh
huong tot hay xau dén sinh trudng cua cay con Dau song nang, trudc hét chung ta
phai chuan hoa hai nhan t6 mun va pHypo, sau d6 xay dung ham H = - 1(Xy, Xz,
X1*X,) bang phuong phap hoéi quy ting bude. Két qua nhan duoc hé¢ sO cla cs =
0,0081 (Bang 5.9). Piéu d6 co nghia 1a sy phdi hop ciia 2 nhan té (X;*X,) anh
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huong tét dén sinh truong H cua cdy con Dau song nang. Khi X;*X; gia tang 1 don
vi, thi H ctia cdy con Dau song nang tang 1én khoang 1% (lay tron).

Chiéu cao H (m)
4.0 A
3.5 JA Aed I EERILE] Lttty
2.5
Ving tHi inh thai
20 < ung to1 up sin al
1.5 W 1 i
Vung tac dong binh thuong &
1.0 >
Bién d¢ sinh thai i
0.5 < T :
Tgj vu = 17,5% :
0_0 Al Ll L v L Al Ll Ll Al L) Ll v L Al v L) . Al L L)

0246 810121416182022242628303234363840
Miin (%)
Hinh 5.14. B4 thi biéu dién sy bién doi chiéu cao cua cdy con Dau
song nang 2 nam tudi theo ham lugng mun & tang dat mat.

Chiéu cao H (m)
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Vimng toi uyl sinh thai
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1.0 Vung tac dorlg binh thuong i

0.5 Téi vu Bién do sinh thii i
0.0 — ; ; —_—
25 3.0 35 40 45 50 55 60 65 70 75

PHi20
Hinh 5.15. D thi biéu dién su bién dbi chiéu cao cua ciy con Dau
song nang 2 nadm tuoi theo pHy,o & tang dat mat.
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Bang 5.9. Ham phan héi cua cay con Dau song nang 2 nam tudi d6i voi ham lugng
mun (X1%) va pHyoo (X;) ¢ tang dat mat (0 — 30 cm) ctia dat Bazan.

Tham sb Udc luong  R3(%) SEE MAE  P-Value
@) (2) 3 (4) ®) (6)
Hing s  1,14467 47,5 0,41 0,32 < 0,001

X,  0,09181

X;2  -0,00152

X, 0,21850

X2 -0,01455

X1*X,  0,00810
5.4. Ham hdi quy Sigmoid va Logit Gauss va ing dung trong 1am hoc

5.4.1. Khai quat vé hdi quy Sigmoid va Logit Gaus

Ham hoi quy Sigmoid mo ta moi quan hé giira bién phan hoi (Y) & dang nhi
phan (1 va 0) va cac bién giai thich (X) ¢ dang dinh lugng. Bién phan hoi ky vong
la xac suat xuat hién mot sy kién tuong ung Vdi cac bién giai thich. Trong truong
hop mot bién giai thich, ham phan hdi ¢6 danh nhu ham 5.39 va 5.40. D thi biéu
dién x&c suat cia ham 5.39 c6 dang mot duong cong hinh chir S. Xac suét lay gié tri
gitta 0 va 1. Cac tham sb cta ham 5.39 dugc wdc lwong theo nguyén ly hop ly téi
da.

Loge[P/(1 - P)] = by + byX (5.39)

exp(bg + b1 X)
1+ exp (bg + by X)

Khi thay thé thanh phan du doan tuyén tinh & ham 5.39 bang ham bic 2,
chung ta c6 ham Logit Gauss (Ham 5.41 va 5.42); trong d6 tham s b, nhéan gia tri
am.

P= (5.40)

Loge[P/(1 - P)] = by + by X - bpX? (5.41)
eXp(bo + b1X - b2X2)
1 +exp (b + by X - bX?)
Trong trudng hop sir dung hai bién dy doan, ham Logit Gauss 2 bién s6 ¢o
dang nhu ham 5.44 va 5.45; trong do6 hai tham so b, va b, nhan gia tri am.
Loge[P/(1 - P)] = by + by X - b X1% + b3X; - byXy? (5.44)
exp(bg + by X, - bpXq + bsxz baX, ) 545
[1+ exp (B + DX - DX+ boXo - bX)]  (O49)

Khi xét dén su twong tac giira hai bién dy doan, ham Logit Gauss 2 bién sb
c6 dang nhu ham 5.46 va 5.47.

P= (5.43)

P =
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Loge[P/(1 - P)] = by + by X1 - boXi2 + bsXs - byXp? + bsX *X, (5.46)
p= exp(bo + b: Xy - byX,%+ bsxz - X, + b5X1 X3) 547
T [+ exp (Do + biXy - BX" + baX - byXy” + bsX;*X,)] (547)

5.4.2. Ung dung ham hdi quy Logit Gauss trong Iam hoc

Trong 14m hoc, ham héi quy Loglt Gauss dugc ng dung dé phan tich bién
dong do phong phu cua cac loai cay go trong moi quan h¢ voi bién dong cua cac
nhan t6 sinh thai. Bang cach xay dyng cac ham phan h01 0 dang ham 5.41, 5. 44 va
5.46, nha lam hoc xac dinh duoc bién d6 cua nhan té sinh thai (£T;), ving t01 uu
sinh thai, t6i wu sinh thai (U;), bién d6 sinh thai, bién do séng sot VA xac xuét bat
gip do phong pht cao nhit (Pivay). Sau tham sé nay duoc xac dinh theo 6 ham 5.48
- 5.53.

Bién d6 sinh thai: T; = 1/72b, (5.48)
Vung tdi vu sinh thai: U; £ T; (5.49)
Tbi wu sinh thai: U; = (b,/2b,) (5.50)
Vung tac dong binh thuong: U; + 2T; (5.51)
Bién do song sot: U; + 4T, (5.52)

P - exp(bg + b;U; + boU; )
iMax = 1 + exp (bo + b1U + sz )

(5.53)

Cay gd va rung chiu anh huong cua nhiéu nhan té sinh thai khac nhau. Vi
thé, mo6 hinh hdi quy Logit Gauss can dugc xay dung véi nhiéu b1en giai thich khac
nhau. Phuong phap phén tich ham Logit Gauss voi nhiéu bién sb gitip ich cho nha
1am hoc phén tich anh huéng tong hop cia nhiéu nhan t6 sinh thai dén cay gd va
rimg; trong d6 bién phan hdi ¢ dang bat gip va khong bat gip, con bién giai thich &
dang dinh lugng. Béng cach chon bién tung budc, nha 1am hoc co thé phan tich va
loc ra nhitng tap hop bién giai thich hitu ich nhat. Pay 1a phuong phap nghién ctru
duoc ap dung rong rai trong 1am hoc.

bao Thi Thuy Duong (2018) da ap dung phuong phap nay dé phan tich anh
huong cua d6 am (X1%) va pHypo O tang dat mat (0 —30 cm) cua dat xam trén da
hoa cuong dén tai sinh ty nhién cua Dau con rai. Tong s diém quan sat 1a 120. Tai
mdi diém quan sat, 1ap 6 mau véi kich thudc 2*2 m. Do phong ph caa cay tai sinh
Dau con rai trong mdi 6 miu duoc thu thap bang hai dau hiéu: bat gap = 1 va khdng
bat gap = 0. Do am (X1%) va pHuoo (X,) duge xac dinh bang may do nhanh. S6 liéu
thu thap do bat gip ciy tai sinh tu nhién ctia Dau con rai va hai bién giai thich X; va
X, dugc ghi lai & Phu lyc 6. T ngudn sd lidu ndy, dudi ddy dan lai cac budc xay
dung va chon ham phan hoi P = f(Xy, Xy) thich hop tir ham Sigmoid va ham Logit
Gauss. Cong cu xtr 1y 1a phan mém Statgraphics.

Budc 1. Copy ba bién P, X; va X, rdi chuyén chung vao ba cot khac nhau
(Hinh 5.16).

Budc 2. Xay dung ham phan hoi P = f(X;). Trudc hét vao duong dan:
Improve > Regression Analysis > Attribute Data > Logistic Regression. Dén day
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mot ctira sd xudt hién. Tai ctra sb nay, chon P va X, roi chuyén chung vao 6
Dependent Variable va 6 Quantitative Factor (Hinh 5.17).

Budc 3. Kiém dinh ham phan hoi P = f(X;) theo ham Sigmoid. Dé dat duoc
muc dich nay, chon OK & Hinh 5.17 d€ nhan két qua phan tich ham héi quy P =
f(X;) theo ham Sigmoid (Hinh 5.18).
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Hinh 5.16. S6 liéu dé xay dung ham phan hdi P = f(Xy, X,).
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Hinh 5.17. Xac dinh ham phan hdi P = f(X,).
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Hinh 5.18. Két qua phan tich ham hoi quy P = f(X;) theo ham Sigmoid.
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Budc 4. Kiém dinh ham phan hdi P = f(X;) theo ham Logit Gauss. Dé dat
duoc muc dich nay, dat con tré chudt tai ctra s6 & Hinh 5.18 va nhan chudt phai roi
chon Analysis Option. Pén ddy xuat hién ctra s6 Logistic Regression Options. Tai
ctra sO ndy, chon Second Order (Hinh 5.19) va sau d6 chon OK. Pén diy chuong
trinh bao cdo két qua phén tich ham hdi quy P = f(X;) theo ham Logit Gauss (Hinh
5.20).
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Hinh 5.19. Chon ham hdi quy P = f(X;) theo ham Logit Gauss.
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Hinh 5.20. Két qua phan tich ham héi quy P = f(X;) theo ham Logit
Gauss.

Budc 5. Phan tich va chon dang ham phan hoi thich hop. Cac budc 1 — 4 chi
xay dung ham phan hdi riéng r& véi timg nhéan t& X; va X,. O bude nay, tap hop cac
thong ké phan anh su phu hop ciia ham Sigmoid va ham Logit Gauss véi so liu
thuc nghiém (Bang 5.10 va 5.11). So sanh cac thong ké cho thdy, hai ham Sigmoid
va Logit Gauss déu phan anh r6 moi quan h¢ (P < 0,01) gitra xac suat bat gip (P)
Cdy tai sinh Dau con rai véi bién X;. Hé sd twong quan ¢ ham Sigmoid (4,7%) thap
hon so vo1 ham Logit Gauss (39,3%). Sai s6 binh phuong trung binh & ham
Sigmoid (MSE = 0,034) cao hon 1,54 1an so v6i ham Logit Gauss (MSE = 0,022%)).
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Theo tiéu chudn MSE i, ham Logit Gauss 12 ham pht hop dé mé ta méi quan hé P
= f(Xy).

Bang 5.10. Ham Sigmoid biéu dién xac suét bat gip cay tai sinh Dau con rai dua
theo d6 am ¢ tang dat mit.
Estimated Regression Model (Maximum Likelihood)
Parameter Estimate Standard Error Estimated Odds Ratio
CONSTANT 3.6659 1.14676
X1 -0.0347685 0.0141694 0.965829
Analysis of Deviance
Source Deviance Df P-Value
Model 6.64874 1 0.0099
Residual 134.512 118 0.1419
Total (corr.) 141.161 119
Percentage of deviance explained by model = 4.71006
Adjusted percentage = 1.8764
Likelihood Ratio Tests
Factor| Chi-Squared| Df| P-Value
X1 6.64874| 1 0.0099
Residual Analysis
Estimation  Validation
n 120
MSE  0.0348602
MAE  0.382319
MAPE
ME 0.00399337
MPE

Bang 5.11. Ham Logit Gauss biéu dién xac sut bit gip cay tai sinh Dau con rai
dua theo do am ¢ tang dat mat.
Estimated Regression Model (Maximum Likelihood)

Parameter Estimate Standard Error Estimated Odds Ratio
CONSTANT -34.3461 6.64094

X1 1.08632 0.199742 2.96335

X2 -0.00773334 0.00139691 0.992296

Analysis of Deviance

Source Deviance Df P-Value

Model 55.5675 2  0.0000

Residual 85.593 117 0.9870
Total (corr.) 141.161 119
Percentage of deviance explained by model = 39.3648
Adjusted percentage = 35.1143
Likelihood Ratio Tests
Factor Chi-Squared Df P-Value
X 45218 1 0.0000
X2 48.9188 1 0.0000
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Residual Analysis
Estimation Validation
n 120
MSE 0.0224308
MAE  0.367447
MAPE
ME -0.0568769

Pé xay dung ham hdi quy P = f(X;), chung ta thyc hién cac budc tir 1 — 4
tuong tur xay dung ham P = f(X,). Bang 5.12 va 5.13 ghi lai két qua lam phu hop
ham Sigmoid va ham Logit Gauss voi s6 li¢u thyc nghiém. So sanh cac thong ké [y
Bang 5.12 va 5.13 cho thay, hai ham Sigmoid va Logit Gauss déu phan anh r& méi
quan h¢ (P < 0,01) gitra P bat gap cay tai sinh Dau con réai voi bién X,. Tuy vay, hé
s6 turong quan & ham Sigmoid (33,3%) thip hon so v6i ham Logit Gauss (41,2%).
Gia tri MSE ¢ ham Sigmoid (0,0134) cao hon 1,05 1an so véi ham Logit Gauss
(0,0128%). Theo ti€éu chuan MSE;i,, ham Logit Gauss la ham phu hop dé mé ta
moi quan hé P = f(X)).

Bang 5.12. Ham Sigmoid biéu dién xac suét bat gip ciy tai sinh Dau con rai dua
theo pH & tang dat mit.
Estimated Regression Model (Maximum Likelihood)
Parameter Estimate Standard Error Estimated Odds Ratio
CONSTANT  8.5039 1.39692
X2 -1.59816 0.287354 0.202269
Analysis of Deviance
Source Deviance Df P-Value
Model 47.0086 1 0.0000
Residual 94.1519 118 0.9481
Total (corr.) 141.161 119
Percentage of deviance explained by model = 33.3015
Adjusted percentage = 30.4679
Likelihood Ratio Tests
Factor [Chi-Squared [Df |P-Value
X2 47.0086 1 ]0.0000

Residual Analysis
Estimation Validation
n 120
MSE 0.0134467
MAE 0.257969
MAPE
ME 0.0365655
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Bang 5.13. Ham Logit Gauss biéu dién x4c sudt bit gip cdy tai sinh Dau con rai
dura theo pH ¢ ting dit mit.
Estimated Regression Model (Maximum Likelihood)
Parameter Estimate Error Odds Ratio
CONSTANT -16.9995 7.49276
X2 9.26971 3.2791  10611.7
X272 -1.11436 0.347841 0.328125
Analysis of Deviance
Source Deviance Df P-Value
Model 58.0895 2 0.0000
Residual  83.071 117 0.9925
Total (corr.) 141.161 119
Percentage of deviance explained by model = 41.1514
Adjusted percentage = 36.9009
Likelihood Ratio Tests
Factor Chi-Squared Df P-Value
X2 8.06207 1 0.0045
X272 11.0809 1 0.0009
Residual Analysis
Estimation Validation
n 120
MSE 0.0128413
MAE 0.244499

MAPE
ME -0.008827
MPE
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Hinh 5.21. Xac dinh ham phan hdi P = (X1, Xz, X1*Xy).

Budc 6. Xay dung ham phan hoi P = f(Xq, Xy, X1*X)). Két qua & budce 5 cho
thiy do bat gap cay tai sinh Dau con rai phy thudc vao hai bién X; va X,. Vi thé, dé
phan tich 4nh hudéng tong hop cia hai nhan té nay, ching ta xay dung ham P = f(Xy,
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Xy, X1*X,) dudi dang ham 5.746. bé dat muc dich nay, tai ctra s6 & Hinh 5.17, chon
P, X1, X, va X*X, va chuyén chung vao 6 Dependent Variable va 6 Independent
Variable X (Hinh 5.21).

Budc 7. Xéc dinh cac thong tin cua ham phan hoi P = f(Xy, Xz, X1*Xp). Dé
dat duoc muc dich nay, chon OK ¢ Hinh 5.21. Dén day chuong trinh bao cdo két
qua phan tich hoi quy P = f(Xy, Xs, Xl*Xz) (Hinh 5.22).
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Hinh 5.22. Két qua phan tich ham phan héi H = (X4, X5, X1*Xy).

Budce 8. Phan tich ham phan hoi P = (X1, Xo, X(*X)). Két qua & budc 7
nhan duoc ham phan hdi P = f(Xy, X,, Xi* X3) cung voi nhimng thong ké tuong quan
va sai 1éch cua ham nay (Bang 5.14). Tu s6 heu & Bang 5.14 cho thay, ham nay ton
tai (P <0,01) v&i h¢ s6 xac dinh khé cao (R =62,0%) va MSE = 0,0149. H¢ s0 cua
X1*X, ton tai va mang gia tri dwong ching to su twong tac cta hai nhan té X; va X,
anh huong tot dén tai sinh cia Dau con rai. Vi thé, ham nay dugc sir dung dé mo ta
mdi quan hé P = f(Xy, X, X1*X,).

Bang 5.14. Ham phan hdi cta cay tai sinh Dau con rai ddi véi do am (X;) va pHyo
(X,) & tang dat mat (0 — 30 cm).
Estimated Regression Model (Maximum Likelihood)

Standard Estimated
Parameter Estimate  Error Odds Ratio
CONSTANT  -31.9122 22.0352
X1 0.684454 0.343979 1.98269
X172 -0.005736 0.00198953 0.99428
X2 7.39565 6.55016 1628.88
X272 -1.05724 0.567799 0.347415
X1*X2 0.0156395 0.0279627 1.01576
Analysis of Deviance
Source Deviance Df P-Value
Model 87.5257 5  0.0000
Residual 53.6348 114 1.0000
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Total (corr.) 141.161 119
Percentage of deviance explained by model = 62.0044
Adjusted percentage = 53.5034
Residual Analysis
Estimation Validation
n 120
MSE  0.014933
MAE  0.372437
MAPE
ME -0.0325268
MPE

Tir ham P = f(Xy, X;%) & Bang 5.11 va P = f(X,, X,?) 6 Bang 5.13, bing cach
ap dung 6 ham 5.48 - 5.53, x4c dinh duoc t6i vu sinh thai, bién d¢ sinh thai, vung
t6i wu sinh thai, vung tac dong binh thuong cua nhan t sinh thai, bién do chong
chiu va xac xuat bat gip cay tai sinh Dau con rai & mirc cao nhat (Bang 5.15). Tu s6
liéu & Bang 5.15 cho thay cdy tai sinh Dau con rai ¢ thé song trén moi truong dat
c6 d6 am dao dong tur 38 — 100% va pHppo < 7,0. No song binh thuong trén moi
truong dat co do am dao dong tir 54 — 86% va pHpzo = 3,0 — 6,0. N6 song t6t trén
moi truong dat c6 @6 Am dao dong tir 62 — 78% va pHppo = 3,5 —4,8.

Bang 5.15. Nhitng tham s sinh thai d6i voi do bat gip cay tai sinh Dau con réi.
Nhan to Uoer T UxT Ux2*T U=4*T Pax

1) 2 (O 4) (5) (6) (7
X, =boam(%) 70 8 62-78 54-8 38-100 0,978
X;=pHuo 42 07 35-48 3-6 0-7 0,907

5.5. Ham hoi quy Logistic va img dung trong 1am hoc
5.5.1. Khai quat vé ham hoi quy Logistic

Hoi quy Logistic dugc sir dung dé 1am phi hgp mé hinh héi quy ma trong do
bién phy thudc (Y) dic trung cho mot sy kién véi chi 2 két qua. Boi VO'I cac bién Y
¢ dang ty I¢ cua mot su ,k1¢n nao do’ ham Logistic c6 dang han} tuyen tinh (Cong
thire 5.54); trong d6 hé s6 b; md ta moi quan hé gitta Y véi cac bién du doan (X;).

1

Ewvy = 5.54

= T+ exp[-(bo + L= 0] (5:54)

Déi vai cac bién ngau nhién Y ¢ dang nhi phan (1, 0), ham Logistic c6 dang
ham tuyen tinh (Cong thire 5. 55); trong d6 Py - 1) 1a xac suat bat gap sy kién Y, b; 1a
hé s6 mo ta méi quan hé giira Py =1)Voi cac bién du doan (X;).

1
"= T4 expl-(Bo + 2oy D)) (559
, Dé do dac anh hudng cua cac bié'n,Xi dén xac suat bit gap Y ¢ hai hay nhiéu
doi twgng khac nhau, nguoi ta sir dung so do ty 1€ sai khac (Odds Ratio = OR). Su
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sai khac (Odds) 1a ty 1é giira xac sudt bit gip va khong be'i,t gap mot sy kién nao do.
Su sai khac cua viéc du doan su kién D dua theo cac bién X; dugc biéu dién theo
cong thuc 5.56. Chang han: Khi P(D) = 0,25, thi Odds(D) = (0,25/(1 - 0,25) = 1/3.
Két qua nay c6 nghia 1a xac suét bat gip su kién D bang 1/3 so véi xac suat khong
bat gip su kién D.

__Po

= 5.56

Odds(D) 1-Pg (5.56)

Ty Ié Sgi khac (OR) giita hai d6i turong 14 ty 18 cua hai sy sai khac. Ty 16 sai
khéc gitra 2 doi tuong A va B (ORag) dugc tinh theo cong thac 5.57.

Pioa) Pop)
= 5.57

OR(s- &) = Odds(DAVOTAS(De) = [P My po ] (55)

Chang han: Gia thiét so sanh nguy co bi bénh vang la gitra hai nhom cay
dugc bon phén chuong hoai (PC) va khong duoc bon phén chuong hoai (NPC). Ty
1€ cly bi bénh vang 14 ¢ nhom PC la 0,25, con nhém NPC 1a 0,10. Ttr d6 ORnpc-pey
= (0,25/1- 0,25)/(0,10/1 - 0,10) = (1/3)/(1/9) = 3.

Khi bién d6i ¢ dang Logit, ham Logistic (5.54) duoc viét & dang ham 5.58.

Logit (Odds) = Ln[7 "y (FT( ) = bo + YXubiX;  (5.58)

Ham Logistic co the’duqc str dung dé so sanh ty Ié sai khéc gita cac nhom
dua trén mét tap hop cac bien du doan Xy, Xo,..., Xk. Nhom A bao gom cac bien du
doan X = (Xa1, Xaz,-..., Xak), cOn nhom B bao gom cac bién du doan Xg = (Xg1,
Xg2,..., Xgk). Khi k = 3, thi ham Logit c6 dang nhu ham 5.59.

LOglt(P/l - P) = bo + b]_Xl + bZXZ + b3X3 (559)

Ty 1€ sai khac gitra hai nhom dugc tinh theo céng thic 5.60.

OR(XA-XB) = OddS(XA)/OddS(XB)

Odds(Xa) = exp(bo + 310X )

Odds(Xs) = exp(bo + ¥ =1biXe)

ORxa-xB) = exp[X=1(Xa - Xg)bi] (5.60)

Ty 1é sai khac giita hai dbi twong theo mdi bién giai thich duoc xac dinh theo
cong thtrc 5.61.

ORxa - xB) = exp(by) (5.61)

Néi chung, hdi quy Logistic dugc str dung cho 2 kiéu sb liéu: (1) Bién phu
thude (Y) la ty 1€ XUAt hién cta mot sy kién nao do; (2) Bién phu thudc (Y) duoc do
bang hai blén nhi phan (1 va 0). Khi bién phu thudc 14 ty 1& cia mot su kién nao do,
thi cac hé sd cia ham Logistic dugc udc lugng bang phuong phap binh phuong nho
nhat c6 trong s6 (Weighted Least Squares = WLS). Phuong phap nay kiém dinh su
t6n tai ctia ham hdi quy bang tiéu chuan F. Sy ton tai cua cac hé sb hdi quy dugc
kiém dinh bang tiéu chuan T. Khi bién phu thudc 14 hai bién nhi phan, thi cac hé )
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ciia ham Logistic dugc udc luong bang phuong phap hop ly t6i da (Maximum
Likelihood = MLE). Phuong phap nay xac dinh su ton tai ciia ham hoi quy va cac
hé sb hoi quy bang kiém dinh Likelihood.

Noi chung, hai phuong phap MLE va WLS bao cao két qua phan tich hoi
quy khac nhau. Dbi véi phuong phap MLE, su ton tai ctia mé hinh duoc kiém dinh
bang tiéu chuan F. Gia thuyet Mo hinh khong ton tai. Khi P < 0,05 thi mé hinh ton
tai. Y nghia cia cac bién trong mo hinh dugc kiém dinh bang thong ké sai léch
(Residual hay Deviation). Gia thuyét: Cac bién doc 1ap c6 ¥ nghia trong mé hinh.
Khi P < 0,01 hoidc 0,05, thi cac bién X; khong c6 ¥ nghia. Trong truong hop nay,
cac bién doc lap can duoc bién d6i sang dang khac nhu cin bac 2, logarit...Cac hé
sO cua cac bién doc lap (X) dugc uoc luong bang phuong phap Maximum
Likelihood. Mirc d6 chit ché ciia mi quan hé giita bién phu thudc va cac bién doc
lap dugc xac dinh bang phan trim sai 1éch (Percentage of deviance explained by
model). O phuong phap WLS, str dung kiém dinh F theo phuong phap tong binh
phuong nhé nhat dé kiém dinh sy ton tai cia mo hinh. Sy ton tai cua cac bién doc
1ap (Xi) duoc kiém dinh bang tiéu chuan T. Muc d6 chit ché ciia méi quan hé giita
bién phu thudc va cac bién doc 1ap duoc xac dinh bing hé sé xac dinh (R?). Hai
phuong phap MLS va WLS déu tinh ty 1¢ sai khac twong ty nhu nhau.

5.5.2. Ung dung ham hoi quy Logistic trong 1am hoc
5.5.2.1. Trwong hop bién phu thujc & dang ty 1¢

Trong 1am hoc, mot sé dic tinh cua cay g0 va rimg c6 thé dugc do dac bang
nhiing gié tri ty 1&. Chang han: (a) Ty 1€ s6 cay bi bénh ¢ nhiing cap tudi hay cap
kich thudc khac nhau; (b) Ty 1¢ s6 cay go quy trong cac cap D; (c) Ty 1¢ s6 cay tai
sinh bi cut ngon trong cac cap tudi hay cap H.. D01 v0i nhiing truong hop nay, nha
1am hoc c6 thé sir dung ham Logistic dé mé ta mdi quan hé giita ty 18 xuat hién mot
su kién va bién giai thich.

Gia sir chiing ta can so sanh ty 1& s6 cdy ho Sao Dau theo cdp D ¢ hai trang
thai rimg I1IA; va IIIAs. So liéu thu thap dugc ghi lai ¢ Bang 5.16; trong do D = cap
D, N = tong sb cdy theo cap D, K = sd cdy ho Sao Dau theo cip D, J = 1 (TTR =
11A;) va J =2 (TTR =1IIA,). Pé 1am rd van dé nay, chung ta c¢6 thé xay dung 3 mo
hinh phﬁ.l’l tich sau déy (1) P=ag+ aJ; (2) P, = bo + le, (3) P;=c¢o+ciJ +c3D. 6
day P = ty 16 s6 cdy ho Sao Dau, J = TTR, D = cdp D. Theo mé hinh 3, chung ta can
kiém dinh gia thuyét Hy: Ty 1& s6 cdy ho Sao Dau (P) trong cac cap D & trang thai
rumg I11A; 16n hon trang thai rirng 111A,. Mbi quan hé giita P v6i J va D dugc mo ta
bang ham Logistic. Khi st dung phian mém Statgraphics, ham hdi quy Logistic
duoc xay dung theo 3 budc.

Budc 1. Copy 4 bién D, N, K va J rdi chuyén chung vao 4 cot khac nhau
(Hinh 5.23).

Budc 2. Xay dung ham mo ta quan hé P = f(J, D). Trudc hét vao dudong dan:
Improve > Regression Analysis > Attribute Data > Logistic Regression. Bén day
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mot cira sO xuét hién. Tai cira s6 nay, chon K/N, N, Jva D roi chuyén ching vao 6
Dependent Variable, Sample sizes va Quantitative Factor (Hinh 5.24).
Bang 5.16. Ty 1¢ sb cdy ho Sao Dau trong cac cip duong kinh & hai trang thai rimng
I |A2 va IIIA3

D (cm) N (Cay) K (Cay) J N (Cay) K (Cay) J

1) (2) 3) 4) 4) (5) (6)
10 274 63 1 282 54 2
16 141 38 1 143 22 2
22 76 24 1 76 16 2
28 45 14 1 43 11 2
34 30 10 1 27 8 2
40 22 1 20 6 2
46 19 1 16 6 2
52 17 1 14 5 2
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Hinh 5.23. S6 liéu dé x4y dung ham hdi quy Logistic.

Budc 3. Xac dinh phuong phap xiy dung ham hdi quy Logistic: P3 = ¢y + €,J
+ c3D. Pé dat duoc muc dich nay, chon OK ¢ Hinh 5.24. Bén day xuét hién mot
ctra s6 nhu Hinh 5.25. Tai ctra s6 nay, chon First Order Model, Weighted Least
Squares Mothod, Smallest Proportion (Mic dinh) va OK. Két qua nhan dugc ham
hdi quy Logistic (Bang 5.17). Tir s6 liéu & Bang 5.17 cho thdy, ham nay ton tai (F =
45,87; P < 0,001) voi hé sé x4c dinh kha cao (R? = 87,58%) va MSE = 0,2373. Hé
sO cuaJva D déu ton tai (P < 0,01); trong d6 hé sb cua D mang gia tri duong, con
hé s cua J mang gia tri am. Piéu d6 ching to ty 16 s6 cay ho Sao Dau gia ting theo
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cap D; trung binh 1,022 lan hay 2,2% (1,022 = exp(b;) = exp(0,0219)). So véi TTR
A3, ty 1€ s6 cay ho Sao Dau & TTR I11A; chi bang 0,699 l1an hay thap hon 30,1%
(0,699 = exp(b;) = exp(-0,35755)).
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Hinh 5.25. Chon ham hoi quy Logistic ¢ mé ta quan hé P = f(J, D).

Bang 5.17. Két qua ctia ham Logistic biéu dién mbi quan hé giita ty 1& s6 cay ho
Sao Dau trong cac cap duong kinh & hai trang thai rung 1A, va IIIA3.
Estimated Regression Model (Weighted Least Squares)

Parameter Estimate Standard Error t Statistic P-Value Estimated Odds Ratio
CONSTANT  -1.03489 0.114888 -9.00785  0.0000
J -0.357551 0.06566 -5.4455  0.0001 0.699387
D 0.0219058 0.00279737 7.83086  0.0000 1.02215
Analysis of Variance
Source  Sum of Squares Df  Mean Square F-Ratio P-Value
Model 21.7728 2 10.8864 45.87 0.0000
Residual 3.08503 13 0.23731
Total (Corr.) 24.8579 15
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R-Squared = 87.5893 percent

R-Squared (adjusted for d.f.) = 85.68 percent
Standard Error of Est. = 0.487145

Mean absolute error = 0.0886143

Type 111 Sums of Squares

Source  Sumof Squares Df Mean Square F-Ratio P-Value

J 7.03706 1 7.03706 29.65 0.0001

D 145524 1 14,5524 61.32 0.0000
Residual 3.08503 13 0.23731

Residual Analysis
Estimation  Validation

n 16

MSE 0.23731
MAE 0.088614
MAPE 41.646
ME 3.377E-16
MPE -5.54519

5.5.2.2. Trwong hop bién phu thujc & dang nhi phén

Trong 1am hoc, mot sé dic tinh cua cay gd va ring c6 thé duge do dac béng
d6 bat gip (1, 0). Chang han: (a) Do bat gap cay tai sinh cua nhiing loai cay go quy
trong nhimg 16p H khac nhau; (b) Do bat gap loai cay go quan tdm trong moi quan
hé v6i mot s6 nhan td sinh thai...Khi nghién ciru vé moi quan hé gitra ring va dat,
nha 14m hoc c6 thé dit ra mot s6 cau hoi. Mot 1a d6 bit gap | loai cay go quan tdm co
thay dbi theo loai dat hay khong? Hai 1a tinh chit ciia mdi loai dat thay doi anh
huong dén do phong phii cua loai cay gé quan tm nhu thé nao? Péi véi trudng hop
nay, ham Logistic 13 mot cong cu hitu ich dé gitip nha 1am hoc tra 101 16 hai cau hoi
dit ra trén day. Dudi ddy dan vi du 4p dung ham Logistic dé phan tich mbi quan hé
giita rimg va dat.

Giad st nghién ctru dat ra 2 myc ti€u: (1) Phan tich d§ phong phu (Y) cua Ioal
cay gd quan tdm trén hai loai dat A va B (X1); (2) Xac dinh anh huong cua do am
(X2) va pHuo (X3) cua hai loai dat A va B d&én do phong phu (Y) cua loai cay 9o
quan tam. Dé dat duoc hai muc tiéu nay, trude hét bo tri nhitng tuyén cat ngang qua
hai loai dt A va B. Dé loai trir nhitng anh hudng cua trang thai QXTV, hai loai dat
A va B phai phan bé trén cung trang thai QXTV. Ké dén bd tri nhitng 6 miu véi
kich thude 20*20 m trén cac tuyén Khoang cach gitra hai 6 mau ké can trén mdi
tuyén 13 100 m. Tiép dén tai mdi 6 mau xac dinh do bt gap (1) va khong bat gip (0)
loai cdy gb quan tim; dong thoi ding may do hai bién X, va X tai trung tdm 6 mau.
Dé dam bao d6 tin cay cua két qua nghién ctru, s6 luong 0 mau trén mdi loai dat can
duogc thu thap du 1on (> 100 6 mau). Trong phan xir Iy s6 liu, ching ta c6 thé xay
dung 7 m6 hinh khac nhau (Ham 5.62 — 5.68); trong do P la ty 1¢ 6 mau bt gip loai
cy gb quan tam; 1 - P 13 ty 1& 6 mau khong bét gip loai cay g0 quan tam; Y = (P/1-
P); Xy, X; va X3 tuwong tng 1a loai dat, 6 am va pHpz0 cua dat.

M06 hinh 1. Ln(P/l P) =aqpt a1X1 (562)
MG6 hinh 2. Ln(P/l - P) = bo + b1X2 (563)
M hinh 3. Ln(P/1 - P) = co + ¢,X3 (5.64)
M6 hinh 4. Ln(P/l - P) = do + d1X1 + d2X2 + d3X1X2 (565)
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MO hinh 5. Ln(P/l - P) = e+ e Xy + X3+ e3X1 X3 (566)
MO hinh 6. Ln(P/l - P) = fo + f1X2 + f2X3 + f3X2X3 (567)
Mo hinh 7. Ln(P/l - P) = ho + h1X1 + h2X2 + h3X3

+ Ny X1 X3z + hsX X3 + hg(X2X3) + hy (X1 X2X3) (5.68)

Ba md hinh 5.62 + 5.64 twong ung phan tich mdi quan hé¢ Y = f(X,) Y =
f(Xp) va Y = f(X5). Két qua cua ba md hinh nay trd 101 nhiing cau hoi vé vai tro cla
tung nhan t6 sinh thai. Bon mo hlnh 5.65 — 5.68 dugc st dung dé phan tich anh
huong tong hop ctia 2 va 3 nhén t6 dén do phong phu cua loai cdy quan tam. Dbi
v6i phan mém théng ké Statgraphics, cac ham hoi quy trén day dugc xay dung theo
nhirng budce dudi day.

_ Budc 1. Lap bang s liéu trong bang tinh Excell (Bang 5.18). Cot 1 1a thir tur
6 mau; Cot 2 la bien phu thugc Y (1 = bat gap va 0 = khong bat gap); Cot 3 la loai
dat X; (1 = dat A va 0 = dat B); Cot 4 va 5 twong trng la hai bién X, va Xa.
Bang 5.18. Do bat gap loai cy quan tam trén hai loai dat khac nhau.
TT  Dobatgip(Y) Loaidat(Xy) Doam(Xp) pHigo (Xs)

(1) (2) 3) (4) ©)
1 1 1 70 6.0
2 0 1 78 35
3 0 1 72 4.0

101 1 0 65 5,5

102 0 0 58 3.2

Budc 2. Copy 4 bién Y, Xy, X, va X3 roi chuyén chung vao 4 cot khac nhau
cua bang tinh Statgraphics (Hinh 5.26).
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Hinh 5.26. S6 liéu dé xay dung ham hoi quy Y = f(X).
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Budc 3. Xay dung ham phan héi quy Y = f(X;) (M6 hinh 5.62). Trudc hét
vao duong dan: Improve > Regression Analysis > Attribute Data > Logistic
Regression. bén day mdt cura s6 xuét hién. Tai cta sb nay, chon Y va X, roi chuyén
ching vao 6 Dependent Variable va Quantitative Factor (Hinh 5.27). Sau dé chon
OK dé nhan ham hoi quy Logistic Y = f(X4). Hai m6 hinh Y = f(X,) (M6 hinh 5.63)
va'Y = f(X3) (M6 hinh 5.64) ciing dugc thuc hi¢n twong tu nhu budc 3.
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Hinh 5.27. Xac dinh ham hoi quy Y = f(X,).

Budc 4. Xay dung ham hoi quy Y = f(X1, Xp) (M0 hinh 5.65). Pé dat duoc
muc dich nay, chon Y, X; va X, rdi chuyén chung vao 6 Dependent Variable va
Quantitative Factor (Hinh 5.28). Sau d6 chon OK dé nhan ham héi quy udc lugng.
Hai m6 hinh Y = {(X3, X3) (M6 hinh 5.66) va Y = (X5, X3) (M6 hinh 5.67) cling
duogc xa dung tuong ty nhu ham hoéi quy Y = f(Xy, Xy).
ey
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Hinh 5.28. Xay dung ham hoi quy Y = f(Xy, Xy).

Budc 5. Xay dung ham phan hoi quy Y = f(X4, X5, X3) (Ham 5.68). Trudc
hét vao duong dan: Improve > Regression Analysis > Attribute Data > Logistic
Regression. Pén day chon Y, X;, X, va X5 roi chuyén ching vao 6 Dependent
Variable va Quantitative Factor (Hinh 5.29). Sau d6 chon OK dé nhan dwoc ham
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hdi quy wée lwong. Bang 5.19 1a dinh dang két qua bao cao ham hdi quy Logistic Y
= f(Xll XZ! X3)
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Hinh 5.29. X4c dinh ham hdi quy Y = f(Xy, Xa, Xa).

Bang 5.19. Két qua phéan tich mdi quan hé gitra do bat gap loai cy quan tim theo
ba bién X3, X, va X
Estimated Regression Model (Maximum Likelihood)
Parameter Estimate Standard Error Estimated Odds Ratio

CONSTANT 0.6576 8.9253

X1 12.9005 11.9516 400528.0

X2 0.1610 0.1372 1.1746

X3 0.3858 2.0125 1.4708

X1*X2 -0.2537 0.1704 0.7759
X1*X3 -2.3929 2.6206 0.0914
X2*X3 -0.0411 0.0310 0.9597
X1*X2*X3 0.0518 0.0378 1.0532

Analysis of Deviance

Source Deviance Df P-Value

Model 42.2582 7 0.0000

Residual 205.145 242 0.9589
Total (corr.) 247.403 249

Percentage of deviance explained by model = 17.0807
Adjusted percentage = 10.6135
Likelihood Ratio Tests

Factor Chi-Squared Df P-Value

X1 1.15148 1 0.2832
X2 1.3902 1 0.2384
X3 0.036584 1 0.8483
X1*X2 223549 1 0.1349
X1*X3 0.823946 1 0.3640
X2*X3 1.78956 1 0.1810
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X1*X2*X3 1.8972 1 0.1684
Residual Analysis
Estimation Validation
n 250
MSE 0.018172
MAE 0.306967
MAPE
ME 0.008582
MPE

Noi chung, cac ham hoi quy Logistic la rat da dang. ‘Bay ham tir 5.62 — 5.68
dugc xay dung dé tra 10 chi tiét vé vai trd cia ting nhan t6 sinh thai va anh hudng
tong hop cua ching dén d6 phong phu cua loai ciy gd quan tam. Néu muc tiéu
nghién ctru 14 xac dinh anh huéng tong hop cia ba nhan t6 X;, X, va X3 dén do
phong pht ciia loai cay gb quan tim, thi chiing ta chi can xdy dung 1 ham hoi quy
Logistic & dang ham 5.68. O vi du trén ddy, néu xét dén ca trang thai rimg (X4), thi
cac ham hoi quy can phai dugc xdy dung nhiéu hon.

Nhitng bude phan tich tiép Eheo la s dung ham Logistic dé so sanh: (a) Su
sai khac gitra d6 bat gap loai cay g0 quan tdm ¢ hai loai dat; (b) Sy sai khac gitra do
bat gap loai cay gd quan tdm theo moi nhan t6 sinh thai trén cung mot loai dat; (c)
Sy sai khac gitra do bat gap loai ciy gb quan tAm theo mdi nhan t6 sinh thai trén hai
loai dat khac nhau. Ty I¢ sai k}}ac gitra hai dbi tuong dugc xac dinh theo cong thurc
5.60. Ty 1€ sai khéc gitra hai doi tugng theo moi bién giai thich dugc xac dinh theo
cong thtrc 5.61.

5.6. Ham hoi quy Poisson va wng dung trong 1am hoc
5.6.1. Khai quat vé ham hdi quy Poisson

Hoi quy Poisson mo ta mdi quan hé gitta bién phu thudc Y véi céc bién du
doan X;. B,ién Y la cac s6 nguyén khong am. Cac bién X; co the 1a bién nhi phan (1,
0) hodc bien dinh lugng. M hinh phan bo xac suat Poisson c6 dang nhu ham 5.69;
trong d6 Y; = tan sf),xuﬁt hién sy kién Y tht i, T; = dung luong mau quan sat sy kién
Yi, A = ty 1€ cua bién phu thudc (Y;) thir i (A; = Yi/T;), A T; = gia tri trung binh ctia
Yi.
exp(-AT)* (LT

Yi!

0 ham 5.69, hai thanh phan Y; va T; da biét. Tham s6 A; duoc udc lugng theo
cac bién dy doan X;. Tham s0 A; va cac bién dy doan X; c6 quan h¢ véi nhau theo
dang Logarit tuyén tinh (Ham 5.70).

Ll’l()\,) = bo + b1X1 + b2X2 +...+ kak (5703.)

Hay A= exp(bo + b1X1 + b2X2 +...+ kak) (570b)

~ Céc tham s6 b & ham 5.70 phan anh ty 1¢ (phér} mudi hay %) thay dbi cua
bien Y khi bien X thay doi 1 don vi. Khi biét A;, thi bien phu thude Y; = AT;. Ty 1€

p(Yi) = (5.69)
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thay ddi cua bién phu thudc Y; theo mdi don vi gﬁa bién dy doan X; duoc xé,c dinh
theo cong thirc 5.71; trong d6 RR; = ty 1€ thay doi (Rate Ratio), Aj; = ty 1€ bat gap,
Aio = ty 1€ khong bat gap.

RR; = % = exp(bi) (571
i0

Khi xay dyng ham hoi quy Poisson, cac tham sé b; duge ude lugng theo
phuong phap Maximum Likelihood. Ham hoi quy Poisson co6 thé xay dung 0 dang
bac 1 va bac 2. Dang bic 1 chi bao gdm anh huong chinh. Dang béc 2 bao gdm anh
hudng chinh ctia cac bién giai thich va sy tuong tac giita 2 bién giai thich. Khi mo
hinh bao gdm nhiéu bién giai thich, thi hoi quy Poisson co thé bao gém tat ca cac
bién dwa vao mo hinh hoic chi bao gdm mét sd bién giai thich c6 ¥ nghia 16n. O
truong hop sau, nhitng bién giai thich c6 y nghia 16n xac dinh theo phuong phap
phan tich hdi quy turong quan ting budc.

Khi stir dung phﬁn mén Statgraphics dé xay dung ham hodi quy Poisson, két
qua bao cdo nhitng thong ké nhu dudi day.

(1) M6 hinh héi quy u6c luong (Estimated Regression Model). Phan nay bao
gdm cac tham sd cia md hinh (b;), sai s6 chuan cua ting hé sb trong mo hinh (SEE
= Standard Error), ty 1é thay d6i ctia bién phy thudc Y; theo mdi don vi ctia bién X;
(RR; = Rate Ratio). Bién X; ndo c6 gia tri RR; cang 16n thi bién d6 anh huéng cang
16n dén bién phu thudc Y. Vi du: Gia tri RR(Xl) =1,12 va RR(XZ) = 1,25 cho biét khi
bién X; va bién X, thay d6i 1 don vi, thi bién Y thay d6i twong tng 1,12 1an hay
12% va 1,25 lan hay 25%.

(2) Phan tich sai léch (Analysis of Deviance). Bang nay bao cdo: (a) Sai l1éch
cua md hinh (Model Deviance); (b) Sai léch con lai sau khi lam phu hgp mo hinh
(Residual Deviance), nghia 1a sai 1éch cia mé hinh do sir dung cac bién X; dé udc
lugng va dy doan bién Y. Gia thuyét 1: M6 hinh khong ton tai. Néu P < 0,05 thi mo
hinh tOn tai. Gia thuyét 2: Céc bién X; ¢6 y nghia dé uée luong va dy doan Y. Theo
nghia cua sinh thai hoc va 1am hoc, céc bién X; anh huong ro rét dén bién Y; hay
chung la nguyén nhan gay ra nhirng thay d6i & blen Yi. Néu P > 0,05 thi cac bién X;
giai thich 16 bién dong cua bién Y;. Trai lai, néu P < 0,05 thi cac b1en Xj giai thich
khong rd rét bién dong cua bién Y;. Trong truong hop sau, chung ta can chon nhimng
bién giai thich khac hoac bién déi céc bién X; ban dau sang dang khac (Can bac 2,
Logarit...).

(3) Phan trim sai 1éch dugc giai thich boi mo hinh (Percentage of Deviance
explained by model). Théng ké nay c6 ¥ nghia twong tu nhu hé sé xac dinh (R?).

(4) Kiém dinh sy ton tai hay y nghia clia cc bién giai thich (Likelihood
Ratio Tests). Su ton tai cua cac bién gidi thich dugc kiém dinh bﬁng tiéu chuan Xz
v6i 1 bac tr do. Gia thuyét Hy: Céc bién giai thich khong ton tai trong mé hinh. Néu
P < 0,05, thi gia thuyét bi bac bo.
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(5) Phan tich céc sai l1éch (Residual Analysis). Phan nay bao co dung luong
mAu quan sat (n), sai s6 binh phwong trung binh (MSE), sai s6 tuyét ddi trung binh
(MAE), sai sd twong d6i trung binh theo phan trim (MAPE), d6 1éch trung binh
(Bias hay ME) va d6 1éch trung binh theo phan trim (MPE). Khi ham hdi quy thich
hop, nha 1am hoc str dung mé hinh nay dé xac dinh cac bién X; anh huéng 16n dén
Yi; Ngoai ra, mo hinh c6 thé duoc st dung dé ude lugng va dy doan Y; theo cac
bién Xi-

(6) Cac dd thi biéu dién quan hé giira Y; véi cac bién X;.
5.6.2. Ung dung ham hdi quy Poisson trong 1am hoc

Trong 1dm hoc, hdi quy Poisson duoc sir dung dé mo ta sy xuat hién cua
nhirng su Kién hlem gap trong cac QXTV rung. Chéng han: (a) Sé cay tal sinh cua
mot loai cay b hiém xuat hién trong nhitng QXTV; (b) Sb cay bi bénh rdng rudt &
cac cip D khéc nhau. Dudi day dan vi du tng dung hdi quy Poisson dé phén tich va
so sanh ty 18 sb cay Bang lang 6i (Lagerstroemia calyculata Kurz) moc trén dat
Bazan va dat xam phu sa co bi bénh rong ruot. S6 lidu thu thap dugc ghi lai ¢ Bang
5.20; trong d6 D= cap D (cm), NIJ = s0 cdy quan sat & cap D trén dat J, Yij = So cay
bi bénh rdng rudt ¢ cip D; trén dat J, Aij =ty 1€ sd cay bi bénh rdng rudt ¢ cap Di
trén dat J, J=loai dat (0 = dat bazan, 1 = dat xam phu sa ¢0), RR; = ty 1& sai khac vé
bénh rdng rudt & cap D; trén dat xam phu sa co so véi dat Bazan.

Nghién ctru nay dat ra 2 muc ti€u: (1) Xay dung nhiing ham udc luong ty 1€
s6 cdy Bang lang 6i bi bénh rdng rudt theo cip D va loai dat; (2) So sanh ty 18 sb
cay Bang liang 6i bi bénh rdng rudt theo cap D va loai dat khac nhau. Dé dat dugc 2
muc tiéu ké trén, trong phén xu 1y sb liéu, xay dung 3 ham hoi quy. Ham thtr nhat
mo ta anh huong cua loai dat dén ty 18 s6 cay Bing lang 6 oi bi bénh rong rudt (Ham
5.72). Ham thir hai m6 ta anh huong cua cap D dén ty 18 so cay Bang lang 61 bi
bénh rong rudt (Ham 5.73). Ham thir ba mo ta anh hudng cia loai dat va cap D dén
ty 1& s6 cay Bang lang 6i bi bénh rdng rudt (Ham 5.74).

Bang 5.20. Ty 1& s6 cay Bang lang 6i bi bénh rdng rudt theo theo cac cap D va loai
dat khac nhau.

bat Bazan bat xdm phu sa co
DEM N v, 1  am N, Y, J oy DR
1) 2 B3 @4 6 ® (M ® (9 (10
10 4000 8 0 0002 3500 7 1 0002 1,00
16 4500 10 0 0002 4500 10 1 0,002 1,00
22 5000 15 0 0003 5500 13 1 0,002 0,67
28 5500 22 0 0004 6500 15 1 0,002 0,50
34 6000 28 0 0005 7500 19 1 0,003 0,60
40 6500 32 0 0005 8500 25 1 0003 0,60
46 7000 45 0 0006 9500 30 1 0003 0,50
52 7500 46 0 0006 10500 37 1 0,004 0,67

7\4‘] = eXp(bo + bl*\]) (572)
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Aiy = exp(by + by *D) (5.73)

Aiy = exp(by + by*J + b,*D) (5.74)

Sau d6 sir dung nhitng ham nay dé so sanh ty 18 s6 cay Bang liang 6i bi bénh
rdng rudt theo loai dat va cp D. Khi st dung phan mém Statgraphics, cac ham hdi
quy nay dugc xay dung theo nhitng budce duoi day.

Budéc 1. Tap hop so liéu (Bang 5.21). Cot 1 1a cap D; Cot 2 1a dung lugng
mau quan sat trong cac cap D; Cot 3 1a sd cay Bang lang 6i bj bénh rdng rudt trong
cac cap D; Cot 4 1a ma hoa loai dat J (0 = dat bazan; 1 = dit xam phu sa c¢d). Cot 5
1a ty & sb cay Bang lang 6i bi bénh rdng ruét theo cép D va loai dat.

Bing 5.21. SO liéu dé xdy dung cac ham udc lugng ty 1¢ s6 cdy Bang lang oi b
bénh rong rudt theo cac cap D va loai dat.

Cép D Nij Yij J 7“ii
(1) (2) (©) (4) (5)
10 4000 8 0 0,002
16 4500 10 0 0,002
22 5000 15 0 0,003
28 5500 22 0 0,004
34 6000 28 0 0,005
40 6500 32 0 0,005
46 7000 45 0 0,006
52 7500 46 0 0,006
10 3500 7 1 0,002
16 4500 10 1 0,002
22 5500 13 1 0,002
28 6500 15 1 0,002
34 7500 19 1 0,003
40 8500 25 1 0,003
46 9500 30 1 0,003
52 10500 37 1 0,004

Hinh 5.30. S liéu dé xdy dung ham hdi quy Poisson Ai; = f(D, J).
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Budc 2. Copy 4 bién D, N, Y va J rdi chuyén ching vao 4 cot khac nhau cia
bang tinh Statgraphics (Hinh 5.30).

Budc 3. Xdy dung ham hdi quy Ay = exp(bo + by*J) (Ham 5.72). Trude hét
vao duong dan: Improve > Regression Analysis > Attribute Data > Piosson
Regression. Pén day mot ctra s6 xuit hién. Tai cira s nay, chon Y, N va J roi
chuyén chung vao 6 Dependent Variable, Sample Sizes va Quantitative Factor
(Hinh 5.31). Sau d6 chon OK dé nhan két qua (Bang 5.22). Twong tu, bang cach
thay thé J = D, nhin duoc ham hdi quy Ay = exp(by + by *D) (Bang 5.23).

Budc 4. Xay dung ham héi quy iy = exp(bg + by*J + b,D) (Ham 5.74). Tai

ctra s6 & Hinh 5.30, chon D rdi chuyén né vao 6 Quantitative Factor (Hinh 5.32).
Sau d6 chon OK dé nhan két qua (Bang 5.24).

e e 3 = | )

o D aspondant Variasbio

¥
. Sample Sizes )

=

Quantitative Factors
otk ’J
Categonoal Factors

(Swlect )

I S ot Cobannr Names | l ‘\-I l

0 l Cancel l Deolete I T ranvsfoim l Help I

Hinh 5.31. Xac dinh ham hdi quy Ay = exp(be + b1*J).

Bang 5.22. Ham udc luong ty 1& sé cay Bang lang 6i bi bénh rdng rudt trén dat
bazan va dat xam phu sa 6. Ham hoi quy: Ay = exp(by + by*J).
Estimated Regression Model (Maximum Likelihood)
Parameter Estimate Standard Error Estimated Rate Ratio
CONSTANT -5.40852 0.0696733
J -0.47473 0.106135 0.622053
Ais = exp(-5.40852 - 0.47473*))
Analysis of Deviance
Source Deviance Df P-Value
Model 20.26 1 0.0000
Residual 30.8843 14 0.0058
Total (corr.) 51.1443 15
Percentage of deviance explained by model = 39.6134
Adjusted percentage = 31.7924
Likelihood Ratio Tests
Factor| Chi-Squared| Df| P-Value
J 20.26| 1 0.0000
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Residual Analysis
Estimation Validation
n 16
MSE  0.00003739
MAE 0.000938437

MAPE 29.0047
ME -4.33777E-17
MPE -10.8909

Phén tich sb liéu 6 Bang 5.22 cho thy loai dat anh hudng 6 rét (r” = 39 ,6%;
P <0,01) dén ty 16 s6 cay Bang lang 6i bi bénh réng rudt. So vo1 dat bazan, ty 1& s6
cdy Bang lang 6i bi bénh rdng rudt trén dat xam phu sa co chi bang 62,2% (RR; =
0,622053). M6 hinh u6c lugng ty 16 s6 cay Béng ling 6i bi bénh rdng rudt trén ca
hai loai dat nhan sai s6 4m, trung binh -10,89% (MPE = -10,89%).

Bang 5.23. Ham udc lugng ty 1& s6 cAy Bang ling 6i bi bénh rdng rudt theo cap
duong kinh. Ham hoi quy: iy = exp(by + b;*D).
Estimated Regression Model (Maximum Likelihood)
Parameter  Estimate Standard Error Estimated Rate Ratio
CONSTANT  -6.37087 0.169172
D 0.0200481 0.00422851 1.02025
Aiy = exp(-6.37087 + 0.0200481*D)
Analysis of Deviance
Source Deviance Df P-Value
Model 23.6007 1 0.0000
Residual 27.5436 14 0.0163
Total (corr.) 51.1443 15
Percentage of deviance explained by model = 46.1453
Adjusted percentage = 38.3243
Likelihood Ratio Tests
Factor| Chi-Squared| Df| P-Value
D 23.6007| 1 0.0000
Residual Analysis
Estimation Validation
n 16
MSE  0.0000339601
MAE 0.00102659

MAPE 26.5683
ME -0.00000302523
MPE -71.57822

S liéu ¢ Bang 5.23 cho thiy t}"/ 1¢ sb cay Bang lang 6i bi bénh rdng rudt thay
d6i 5 rét theo kich thudc than cay (12 = 46,1%; P <0,01). Trén ca hai loai dat, khi
gia ting mot cap D, thi ty 1 s6 cay Bang ling i bi bénh rong rudt gia tang trung
binh 2,0% (RR; = 1,02025). Sir dung m6 hinh nay dé ude lugng ty 18 sb cay Bang
lang éi bi bénh rong rudt nhan sai s6 am, trung binh -7,6% (MPE = -7,5782%).
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Budc 5. Xac dinh nhitng bién giai thich c6 ¥ nghia nhit trong ham phan hdi
quy Ay = exp(by + by*J + b,D) (Ham 5.74). Tai cira s6 & Hinh 5.32, sau khi chon
OK, dit con trd chudt tai bang két qua va nhén nat chudt phai dé chon Analysis
Option. Tai day chon Forward Selection & cira s6 Fit va All Steps & 6 Display (Hinh
5.33). Lya chon nay c6 nghia la xay dung ham hdi quy véi hai blen giai thich J va
D. Két qua phan tich bao cao chi tiét timg budc xtr Iy. Néu chi can xac dinh ham hdi
quy thich hop cudi cung, thi chon Final Model Only. Sau do, can ctr vao nhing
thong ké & timg budc, phan tich y nghia cua ting bién trong mé hinh va chon nhiing
bién phu hop nhét.
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Hinh 5.32. Xac dinh ham hdi quy iy = exp(by + by*J + b,*D).

Bang 5.24. Ham udc luong ty 18 s6 cdy Bang ling 6i bi bénh rong rudt theo loai dét
va cap duong kinh. Ham hoi quy: Aiy = exp(by + by*J + b,*D).
Estimated Regression Model (Maximum Likelihood)
Parameter  Estimate Standard Error Estimated Rate Ratio

CONSTANT  -6.16474 0.172815
J -0.508907 0.106311 0.601152
D 0.0212376 0.004228 1.02146

Aiy = exp(-6.16474 - 0.508907*J + 0.0212376*D)
Analysis of Deviance
Source Deviance Df P-Value
Model 46.8081 2 0.0000
Residual 4.33619 13 0.9871 Hai bién Jva D ¢6 y nghia
Total (corr.) 51.1443 15
Percentage of deviance explained by model = 91.5217
Adjusted percentage = 79.7901
Likelihood Ratio Tests
Factor Chi-Squared Df P-Value
J 23.2074 1 0.0000
D 26.5481 1 0.0000
Residual Analysis
Estimation Validation
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n 16
MSE 0.00000425654
MAE 0.000297143
MAPE 8.18885
ME 0.0000126394
MPE -1.22672
P iy T et O o ] )
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Hinh 5.33. Xac dinh nhiing bién giai thich phu hop nhat.
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Hinh 5.34. Ty 1¢& s6 cay Bang lang 6i bi bénh réng rudt theo cac cap
duong kinh khac nhau trén dat bazan va dat xam phu sa co.

S liéu & Bang 5.24 cho thay ty 1é s6 cay Bang lang 6i bi bénh rong rudt phu
thudc chat chd (R? = 91,5%; P < 0,001) vao loai dat va cip D. Ty 1& s6 cdy Bang
lang 6i bi bénh rdng rudt trén dat xam chi bang 60,1% (RR; =
bazan. Trén ca hai loai dat, ty 1¢ sb cAy Bang lang 6i bi bénh rdng ruodt gia tang theo

cap D, trung binh 2,1% (RR; = 1,02146) (Hinh 5.34). Str dung mé hinh nay dé udc
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lwong ty 18 s6 cAy Bang ling 6i bi bénh rdng rudt nhan sai s6 m, trung binh -1,2%
(MPE =-1,22672).

Luu y rang giita bién phy thudc Y; va cac bién giai thich dinh lugng X; c6 thé
tdn tai moi quan hé ¢ dang bac 2. Pé kiém dinh mbi quan h¢ nay, tai ctra s6 & Hinh
5.33, danh d4u Second Order va chon OK dé nhdn két qua. Sau d6 phén tich va so
sanh cac thong ké tuong quan va sai léch gitta ham bac 1 va bac 2 dé chon dang
ham phu hop. Ham phu hop duge chon theo tiéu chuidn Max(R?) va Min(MSE). B
thi mé ta quan hé giita tham s6 ty 18 A; v6i bién X; c6 dang nhu Hinh 5.35.

Tham s6 ty 18 ()
0.007 -

0.006
0.005 4|+ ¢
0.004 | A
0.003 g N
0.002 w41 N
0.001 4+ PPN
0.000

""h-__
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1 2 3 4 3 6 7
X

----- Aij (Thue té) Aj (Ude lugng)

Hinh 5.35. D6 thi biéu dién mdi quan hé giita tham s ty 1& A; v6i
bién gidi thich X.
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Chwong 6
MO HINH SINH TRUONG VA SAN LUQNG RUNG

6.1. Khai niém vé sinh truéng, ting trwéng va san lwong ring
6.1.1. Sinh truéng va ting truéng ciia ciy gb va rirng

Sinh truéng cua cay gd va ring biéu thi su gia ting kich thudc cua ching
theo thoi gian. Tang trudng ciia cay gb va rimg biéu thi luong gia ting kich thuéc
cta chiing sau A niam. Kich thuéc cua cay gd thuong dugc quan tam la duong kinh
than ngang nguc (D cm), chiéu cao toan than (H, m), tiét dién ngang than (g, m 3,
thé tich than (V, m®) va sinh khéi (B, kg hay tan). Kich thucrc quan thy thuong duoc
quan tam la mat do (N, cay/ha), tiét dién ngang (G, m /ha), trr luonng g6 (M,
m*/ha) va sinh khdi (B, tdn/ha). Trong 1am hoc, nguoi ta phan biét 3 loai ting
truong: hang nam, trung binh ndm va trung binh theo dinh ky n ndm. Lugng tang
truong thuong xuyén hang nim biéu thi su thay d6i vé kich thude cua ciy gd (ZY,
v6i Y = D, H, g, V) va quan thu (ZY, véi Y = G va M) sau 1 nim. Luong ting
truong trung binh nim (AY) biéu thi sy thay d6i kich thuéc trung binh cta ciy gb
va quan thu sau thoi ky A nam. Luong ting trudng thudng xuyén theo dinh ky n
niam (ZYn) biéu thi su thay dbi kich thudc trung binh cta ciy gd va quan thy theo
dinh ky n nam.

Goi Y, va Y, tuong tng la kich thude cua cay gd va rimg & thoi ky bat dau
(A1, nam) va thoi ky két thic (A,, nam) qua trinh nghién ctu tang truong. Thong
thuong, thoi gian dan cach gitra hai 1an (n) x4c dinh ting truong cia cdy gd va ring
l1a 2, 5 va 10 ndm tuong Uing véi cdy moc nhanh, trung binh va cham. Ba dai lugng
7Y, AY va ZY, duogc xac dinh theo cong thirc 6.1 — 6.3.

ZY =(Ya-Ya1) (6.1)
AY = Y A/A (6.2)
ZYNn = (Yo — Y)/(Ag— Ay) (6.3)

Hai dai luong ZY va AY (Bang 6.1) gia ting dan va dat cao nhat & mot tudi
nao do; sau d6 giam dan theo A. Luong ting trudng thuong xuyén hang nim (ZY)
lubn nhan gia tri duong. Luong ting truong trung binh sau dinh ky n nam (ZYn)
(Bang 6.2) ciing gia ting dan va dat cao nhit ¢ tudi ndo do; sau d6 giam dan theo A.
Theo thoi gian, ZYn €0 thé nhan gia tri béng 0 hoac &m. Dai lugng ZYn nhan gia tri
am khi thé tich than cdy bl mat mét do nhiéu nguyén nhén khac nhau (Con trung,
Néam hai, Cay gia cdi va chét). Gia tri ZYnyax la diém udn cua dudng cong ting
truong. Tudi twong tng véi ZYnpa cho biét thoi ky ma tir d6 tre di tang truong cua
rimg bi suy giam. Trong 1am hoc, ngudi ta xem day 1a thoi ky chuyén tiép tir giai
doan rung non (thoi ky sinh truéng nhanh) sang giai doan rung trung nién (thoi ky
sinh truédng cham).
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Bang 6.1. Qua trinh sinh trudng chiéu cao hang nam cua rimg Pudc tir 2 — 12 tudi.

A (nam) H (m) ZH (m/nam) AH (m/nam) Ph(%)
(1) 2 ©3) (4) (5)
2 1,5 0,77 0,77 50,0
3 3,6 2,05 1,20 57,1
4 55 1,88 1,37 34,3
5 7,0 1,56 1,40 22,2
6 8,3 1,27 1,38 15,3
7 9,3 1,04 1,33 11,2
8 10,2 0,86 1,27 8,5
9 10,9 0,72 1,21 6,6
10 11,5 0,61 1,15 53
11 12,1 0,53 1,10 4.4
12 12,5 0,46 1,04 3,6

Pai luong ZY 12 mdt chi tidu kho do dac, nhét 1a nhitng loai cay sinh truéng
cham. Trong 1am 1dm hoc, ZYn duoc sir dung dé thay thé ZY nham tinh lugng ting
truong theo phan trim. Luong ting trudng theo phan trim 1a co s¢ dé tinh toc do
gia ting san luong rimg hay von rimg. Tuoi ring ma tai d6 ZYn = AY duoc goi la
tudi thanh thuc sé luong (Bang 6.3; Hinh 6.1). D6 1a tudi khai thac rimg cho san
lugng thu hoach trung binh ndm cao nhéat.

Bang 6.2. Tang truong dinh ky 2 ndm vé chiéu cao cua rimg Pudc tir 2 — 12 tudi.

A (ndm) H (m) ZH (m/nam) AH (m/nam) Ph%
1) @) 3) (4) ()
2 1,5 0,77 0,77 50,0
4 55 1,96 1,37 35,9
6 8,3 1,41 1,38 17,0
8 10,2 0,95 1,27 9,3
10 11,5 0,67 1,15 5,8
12 12,5 0,49 1,04 3,9

6.1.2. San lwong ciia cy g6 va ring

San lugng biéu thi kich thudc cua cay ca the (D, H, g, V, B) va quan thu (N,
G, M, B) dat dén tudi nhat dinh (A, ndm). San luong la tong khoi luong (9o, sinh
khoi...) ma cay go va quan thu tao ra sau mét khoang thoi gian nao d6 (Cong thirc
6.4).

San luong = A*AY = Y iz1.4ZY (6.4)
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Béng 6.3. Qua trinh sinh trudng trit luong gd cua ring Théng (Pinus sylvestris) 100
tuoi.

A (nim) M (m*ha) ZM (m*ha/nim) AM (m*ha/nim) PM%

(1) (2) (3) (4) ®)
10 17 1,7 1,7 10,0
20 68 5,1 34 75
30 146 7.8 4,9 5,3
40 238 9,2 6,0 3,9
50 335 9,7 6,7 2,9
60 427 9,2 7.1 2,2
70 510 8.3 7.3 1,6
80 583 73 73 1,3
90 644 6,1 7,2 0,9
100 695 51 7,0 0,7

ZM va AM (m*/ha/nim)

(VR o e e o o o Tudi
thanh thuc
8.0 -

6.0 1

4.0 1

0.0 T T T T T
10 20 30 40 50 60 70 80 90 100

—7M (m3/ha/ndm) ====- AM (m3/ha/nam) A (ndm)

Hinh 6.1. Ting truéng trit lwuong gd cta rung Théng (Pinus
sylvestris) 100 tuoi.

San lugng dugc phan chia thanh san lugng cay dung hay cay con SOng va san
lwong thu hoach. San lugng cay dang la tong san lugng trén ciy con song ¢ cudi
thoi ky nhét dinh. San lugng thu hoach 1a tong san luong thu hoach duoc ¢ cudi thoi
ky nhat dinh. Trong 1am hoc, san lwong g va sinh khéi 1a mdi quan tdm 16n nhat.
Chang han: Téng san luong cay ding cua ring Keo lai & tudi 10 trén cap lap dia I 1a
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250 m*/ha, con tdng san luong thu hoach ¢ tudi 10 14 200 m*/ha. San lugng cay
dimg ludn cao hon san lugng thu hoach. Nguyén nhan la vi mot bo phén san luong
cua cay go va ring khong dugc thu hoach.

Thong thuong, san luong duoc xac dinh theo luan ky kinh doanh ddi véi
ring hdn giao khéac tudi hay chu ky kinh doanh déi véi ring thuan loai ddng tudi.
Chang han: Tong san luong gd cua rimg Thong ba 1a (Pinus kesiya Royle ex
Gordon) thu dwoc sau thoi gian 10 nam 1a 250 m*/ha/10 nam. San lwong gd tao ra
sau 1 nam trén dién tich 1 ha duoc goi 1a ning suit cta rimg. O vi dy trén, ning sut
g0 trung binh cua rimg Thong ba 14 1a 25 m*/ha/nam.

6.2. Phwong phap mé hinh héa sinh truwéng ciia cAy g va rirng
6.2.1. M0 hinh sinh truéng va sian lwong ciia cAy gb va rirng

M6 hinh sinh trudng cua cay ca thé md ta qua trinh sinh trudng cia né theo
thoi gian. Chang han: Qua trinh sinh truéng cua Y (Y = D, H, V...) theo thoi gian
(A, nim). Qua trinh trinh bién ddi ndy c6 thé biéu thi bang ham Y = f(A). Mé hinh
sinh trudng cua quan thu mo ta qua trinh bién ddi cia no theo thoi gian. Chang han:
Qua trinh bién do6i cua N, G va M theo A (ndm). Qua trinh trinh bién d6i ndy co thé
biéu thi bang ham Y = f(A). De xay dyng cac md hinh sinh truéng ¢ muc cay ca thé
va quan thy, nguon s6 liéu can c6 la s liéu do dém tir nhimg 6 dinh vi hodc sb ligu
tir diéu tra rimg hang nam hodc s liéu tir nhitng cdy giai tich & nhimng tudi khac
nhau.

Céac md hinh sinh truéng mang lai nhiéu ¥ nghia khac nhau. Vé 1am hoc, cac
mé hinh sinh truong duoc st dung dé danh gia chat luong lap dia, Xac dinh anh
huong cia cac phuong thire 1dm sinh dén chat luong lap dia va giai thich két qua
cua nhitng hoat dong 1am sinh (nudi dudng va khai thac ring). Trong diéu tra rimg,
cadc mo hinh sinh truong duge st dung dé ude luong va dy doan san lugng rung,
xay dung biéu thé tich va biéu san lugng ring. Trong quan 1y rimg, cac mé hinh
sinh truong duge st dung dé xay dung chién luoc Vé quan ly va khai thac rung.
Trong kinh té 1am nghiép, cac mé hinh sinh truong gb thu hoach dugc sir dung de

phén tich hi¢u qua kinh doanh rimg va xac dinh chu ky khai thac rimg t6i uu vé
kinh té.

6.2.2. Cé4c kiéu mé hinh sinh truéng

Céc mo hinh sinh truéng cé thé dugc phan chia thanh mé hinh sinh truéng &
muc cay cé& thé va mo hinh sinh truéng & mic quan thu. Mé hinh sinh trudong & mic
cay ca thé biéu thi qua trinh sinh truong cua cay cé thé trong nhiing diéu kién moi
truong (lap dia) khac nhau. Chang han: M6 hinh D = f(A), H = f(A), H = (D) trén
nhitng lap dia khac nhau. M6 hinh sinh truéng ¢ muc quan thy biéu thi qua trinh
sinh truong cia quan thy trong nhitng diéu kién moi truong khac nhau. Chang han:
M6 hinh N = f(A), G = f(A) va M = f(A) trén nhiing 13p dia khac nhau. Cac m6 hinh
& muc ciy ca thé va quan thu cung cap nhitng thong tin vé qua trinh bién d6i nhiing
dic tinh ciia chung theo thoi gian. Nhiing thong tin nay cé thé duoc xay dung thanh
biéu qua trinh sinh truéng cua quan thy.
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6.2.3. Nhitng thanh phan ciia mé hinh sinh truéng

Nhitng thanh phan cia mé hinh sinh truéng phu thude vao déi tuong nghién
ctru. O muc cy ca the, nhiing thanh phan cia mé hinh sinh treong bao gom nhiing
thanh phan mé ta sy bién ddi kich thude (D, H, g, V, B) theo tu01 (A, nim). O mac
quan thuy, nhitng thanh phan cia mé hinh sinh tredng bao gom nhitng thanh phan
mo ta sy b1en d6i kich thuéc (N, G, M, B) theo A. Nhirng thanh phan caa mo h|nh
sinh truéng can phai duge xac dinh ¢ nhiing thoi diém khac nhau trong doi song
clia cdy ca thé va quén thu.

6.2.4. Chon mé hinh sinh trwéng va mo hinh san lwgng

Cac mo hinh sinh truéng va mé hinh san luwong duoc chon tuy theo muc tiéu
nghién ctu va muc dich stir dung. Pdi voi muc dich nghién ctru, cac mo hinh sinh
truong va mo hinh san luong duoc xay dung dé phan tich dong thai bién ddi cua
nhiing dic tinh & muc cAy gd va rung theo thoi gian va phan tich anh hudng cua
moi truong dén cdy gd va rimg. Ngoai ra, nhitng mo hinh sinh treéng va mé hinh
san luong trong nhitng méi truong khac nhau 1a co so khoa hoc dé xay dung 1y
thuyét vé rimg va nhiing nguyén ly 1am sinh. Déi voi muyc dich st dung, cac md
hinh sinh treéng va mé hinh san luong duoc st dung dé danh gia chat luong lap
dia, kiém dinh gia thuyét vé tang truong, udc luong san luong go, nghién ciu bién
dong san lugng g, danh gia cac hoat dong 1am sinh, xay dung phuong thirc quan ly
rung...

6.3. M6 hinh sinh trwéng quin thu
6.3.1. Khai quat chung

Péi tuong nghién ctru cua 1am hoc chu yéu 1a cay gd hay quan thu. Trudc
ddy sinh trudng va san luong cua quan thu duoc xac dinh thong qua céc biéu qua
trinh sinh truong cua quan thy. Chung dugc xay dung dya trén nhirng nghién cuu veé
dac tinh cua quan thu theo thoi gian. Bleu san luong quan thy tdm tat qua trlnh bién
d6i san luong quan thu theo nhirng cap tudi khac nhau. Biéu san lwong quan thu c6
thé bao gom ca N, D, H, G, M, phan b N/D, phan bé N/H, tang truéng (D, H, G va
M) ctia quan thu. C4c biéu san luong rimg duoc xay dung tir nhitng sb liéu do 1ap
lai trén cAy mau va & mau dinh vi. Céc biéu san luong ring c6 thé dugc xay dung
cho nhitng cép lap dia khac nhau. Boi vi quan thu thay d6i theo thoi gian, theo
phuong thirc 1am sinh va méi truong (lap dia), nén céac biéu san luong quan thu
phan &nh khéng chinh xac cho moi truong hop.

Ngay nay biéu qua trinh sinh trudng truéng va san luong quan thu duoc xay
dung dya trén cac md hinh sinh trudng. Cac mo6 nay dugc xay dung Vdi cac bién dy
doan & muc quan thy (N, D, H, V, G, M, phan b N/D va phan b N/H).
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6.3.2. Ham sinh trwéng va san lweng ly thuyét

Bertalanffy (1968; Dan theo Vanclay, 1994) da gia dinh ting truéng cua cay
g4 va quan thu 1a su khac biét giira quang hop va hd hap. Néu biéu thi Y 1a quang
hop cua cdy gb va quan thu, thi ting truong cd thé dugc mé ta bang ham (6.5);
trong d6 gid tri o va y twong tng 12 hang sé quang hop va hang sé ho hap. Giira o va
vy ¢6 quan hé chat ché véi nhau. Trong thuc hanh, tham sé y = 1.

dY/dA = (byY" - b,Y?) (6.5)

Moser va Hall (1969; Dan theo Vanclay, 1994) da gia dinh ting truong M la
mot ham cia G. Luong ting trudng G dugc du doan tir G quan thy. Tir d6 ting trudng
M quan thy ¢ dang ham  (6.6). Tang truong M la tich phan ham tang trusng G va
b sung thém trit lugng go.

AM = B;M(B,GP - By) (6.6)

Garcia (1974; Dan theo Vanclay, 1994) da xay dung ham sinh truéng va san
luong quan thu dya trén nhitng gia dinh sau day:

() Tang truong trir lugng gb (AM) ty 1é véi ting truong sinh khoi kho (AB).

(b) Mat do quan thy (N, cay/ha) trén céc lap dia rat cao va bang hang sd.

(c) HO hap ty 1& véi dién tich bé mat than cay. Dién tich bé mit than cay ty 18 véi
tich s6 (N*D*H); trong d6 D va H 1a gi4 tri binh quan caa quan thu.

Tur nhitng gia dinh trén day, AM c6 thé xac dinh theo ham (6.7).
AM = by - by(N*D*H) (6.7)
Gia dinh hinh sb (F) 1a hang s6. Trit lugng quan thu M = G*H*F; trong d6 G

= (n/4)*N*D’. Gia tri D binh quan = (2/N(m*F))*N(M/(N*H)). Tir d6 AM c6 thé
biéu thi bang ham (6.8).

AM = by - by*\(M*N*H) (6.8)
6.3.3. Ham sinh trwéng va san lwgng thuc nghiém

~_Truéc khi xay dung mo hinh sinh truéng, chung ta can phai xem xét nhiing
van dé sau day:

(@) Muc dich xay dung mo hinh sinh truéng?

(b) S6 liéu dau vao c6 phl hop voi viée xay dung mé hinh sinh truong?

(¢) S6 liéu dau ra doi hoi nhu thé nao?

(d) Cac ngudn sb liéu dé kiém dinh do tin cay caa cac mé hinh sinh truong?

Céac md hinh sinh truong phai tuan thu hai nguyén tac co ban: (1) M6 hinh
sinh truang khdng bao gém nhitng bién sé khé xac dinh; (2) Mb hinh sinh truéng
don gian va dé ap dung trong thuc té.

Khi thiét ké mo hinh sinh truong, nha 1am hoc can phai hiéu rd nhiing
phuong phap xay dung cac md hinh sinh trudng va nhiing yéu cau déi vai viéc xay
dung mo hinh sinh trudng. Trudc khi x&y dgng mo hinh sinh trudng, nha 1am hoc
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can phai xac dinh hinh thai cia mé hinh sinh truéng théng qua cac dd thi, mdi lién
hé gitra bién phu thudc véi bién doc 1ap va sy phi hop cua md hinh sinh trudng so
vé6i b lieu thuc nghiém. Cac mo hinh sinh truéng bao gdm céc bién phu thuoc (bién
phan hdi), cac bién doc 1ap (bién dy doan, bién giai thich) va céc bién phan loai hay
lap nhom (Grouping Variables).

Cac bién phu thugc (bién phan héi) 1a cac bién uée luong va du doan. Chung
phan anh sinh truéng cua cdy ca thé va quan thu. Céc bién phan hoi c6 thé 1a D, H,
V & mirc cdy ca thé va N, G va M & mirc quan thu. Céc bién phan hdi ciing c6 thé 1a
lwong ting trudng ¢ mic cdy ca thé (ZD va AD; ZH va AH, Zg va Ag; ZV va AV;
ZB va va AB) va quan thu (ZG va AG; ZM va AM; ZB va va AB).

Cac bién doc 1ap la cac bién duoc chon dé udc lugng, du doan va giai thich
su bién ddi cua cac bién phan hoi. Cac bién doc 1ap duoc chon 1a cac bién cd y
nghia va dé do dac. Cac bién doc lap thong thuong 1a tudi (A), nhan t6 khi hau, do
cao dia hinh, chi sé lap dia (SI)...Tuy vay, vé mit sinh hoc, cac bién dy doan thuong
khong doc 1ap véi nhau. Cac bién doc 1ap hiru ich duoc xac dinh théng qua nhitng
kiém dinh théng ké.

~ Bién phan loai Ia cc bién nhj phan nhan gia trj 0 va 1. Nhiing bién nay ding
dé “Ngat” hay “Loc” bien phan hoi theo nhitng tinh huong nhat dinh. Chang han:
Xay dung md hinh sinh trudng caa quan thu trén hai cap 1ap dia khac nhau.

Cac bién phan hdi va céc bién giai thich duoc chon theo yéu cau dit ra.
Nhitng kién thirc vé rimg cho phép nha 1am hoc khéng chi xay dung nhitng gia
thuyét, ma con xac dinh céc bién phan hoi, cac bién giai thich va hinh thai cua
nhitng mé hinh sinh truéng. Mic du cac md hinh toan phi hop véi s6 liéu, nghia 1a
nhan sai Iéch nho, nhung chung bi bac bo vi phan anh khéng chinh xac quy luat
sinh truong cta cdy gd va quan thu. Ching han: Néu ham mé ta qué trinh sinh
trudng trir lugng gb (M, mg/ha) ctia toan bo doi sdng quan thu co dang ham liy thira
(M = bA®), thi két qua chi ra M ting lién tuc theo A. Két luan nay vi pham nguyén
ly sinh thai thuc vat. Theo nguyén Iy nay, d6 thi cia ham M = f(A) phai c6 dang
duong cong Sigmoid. Vi thé, md hinh nay bi bac bo. Néi chung, kién thic vé thuc
vét va rimg gitip cho nha 1am hoc chon cac mé hinh phi hop véi quy luat song cua
ciy gb va rung.

Cac ham san luong & muac quan thu dugc xay dung dya trén gia dinh quan
thu da duoc quan ly theo mot phuong thirc 1am sinh nao do. Trai lai, cac ham tang
truong ¢ thé duoc xay dung cho tit ca nhitng quan thu d3 qua khai thac hoic
nhitng phuong thirc 1am sinh nao do.

Buell (1945; Dan theo Vanclay, 1994) da udc lugng tang truong cua rung
hon giao khéc tudi bang cach nhom cac quan thu thanh cac cap; trong do mdi cap
quan thu c6 su twong dong vé két cau loai cay gd, lich sir 1am sinh, suat tang truéng
va hinh dang than cay. Ting truong V than cay cé thé dugc gia dinh 1a mot ham bac
2 cua D (Ham 6.9). Tang truang tong trit lugng gd cua quan thy (M) 1 téng ting
truong thé tich (V) caa N cdy ca thé (Ham 6.10).
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AV = a + bD + cD? (6.9)
YAM =aN + bY i1 D + c¥ 10D’ (6.10)

Tir gia dinh tang truong tiét dién ngang (AG) cua ring trong dong tudi giam
dan theo tudi, nhung ting dan theo chi s6 lap dia (SI = H & tudi co s6) va G quan
thu, Nelson (1963; Dan theo Vanclay, 1994) da xay dung ham AG = f(A, S, G) theo
dang ham (6.11).

AG = a + b(G/A) + cG® + d(GYA) + e(SI*G?)  (6.11)

Theo Clutter (1963; Dan theo Vanclay, 1994), ham tang truong M quan thu
c6 dang ham (6.12); trong d6 M = trit lugng quan thu, SI = chi s6 lap dia, G = tiét
dién ngang quan thy, A = thoi gian du doan M.

Ln(M) = by + by*SI + boLn(G) + (by/A) (6.12)

Tang truong cia quan thy khac tudi co thé duge xac dinh bang céch xay
dung mot hé thdng cac ham ddi véi cac thanh phan quan thu. Sau d6 lién két cac
ham nay dé udc lugng trix lwong quan thu. Theo d6, Furnival va Wilson (1971; Dan
theo Vanclay, 1994) da phat trién mé hinh sinh truéng va san luong rung bang hé
thong céc ham (6.13) — (6.18). O céac ham (6.13) — (6.18), H (m) = chiéu cao trung
binh cta quan thu; A (ndm) = tudi binh quan ¢ D hgang nguc cua nhiing cay hinh
thanh quan thy; Dy (cm) = dudng kinh cua cay co tiét dién ngang binh quan; F =
hinh s6; k = hang So (1/40.000), M = trit lugng quén thuy.

Ln(H) = by + b,Ln(A) (6.13)
Ln(N) = bz + bsLn(Dy) (6.14)
Ln(G) = bs + bgLn(H) (6.15)
Ln(F) = by + bgLn(Dy) (6.16)
Ln(G) = Ln(k) + Ln(N) + 2*Ln(Dg) (6.17)
Ln(M) = Ln(F) + Ln(H) + Ln(G) (6.18)

Mendoza va Gumpal (1987; Dan theo Vanclay, 1994) da xay dung md hinh
udce lugng trir lwong gd cua ring Sao Dau sau khai thac chon & Philippines theo
dang ham 6.19; trong d6 Gy = tiét dién ngang cua quan thy ting thém sau khai théc,
A = thoi gian sau khai thac, SI = chi s6 lap dia duoc ude luong theo H binh quan
cua nhirng cy c6 D =50 — 80 cm.

Ln(M) = bo + bl*GO + bz*Ln(A) + bg*(SI/A) (619)

Vanclay (1988; Dan theo Vanclay, 1994) da x@y dung ham tang truéng tiét
dién ngang cua rung Théng (Callitris spp.) khong dong tudi o Queensland theo
dang ham (6.20); trong do6 Sl la chi s6 1ap dia, G la tiét dién ngang quan thy. Chi sé
SI dugc wdc lugng dua theo méi quan hé giira H va D.

Ln(AG) = a + b*Ln(G) + c(G*SI) + d*G (6.20)

Trong nhicu tai li¢u 1am hoc, nguoi ta con bicu dién sy bién ddi the tich than
trén nhiing 1ap dia khac nhau bang cac ham 6.21 — 6.23.

V = b + by*A + by*A? + by*(D**H) - b,*(SI/H) (6.21)
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Ln(V+1) = by + by*Ln(D) + by*Ln(H) + bs*Ln(SI/H) (6.22)

V = by + by*(D**H) - by*(SI/H) (6.23)
Hai bién ZY va AY (Y =D, H, G, V, M) dugc mb ta bang ham 6.24 va 6.25.
ZY = ay + a;*A + a,*A% + ag*Y + a*Y? (6.24)
AY = bg + by*A + by*A% + bg*Y + by*Y? (6.25)

Noi chung, cac ham thyc nghiém Ia biéu thac md ta méi quan hé gitra bién
phan hoi va bién giai th,ich (nguyén nhan). Cég ham thyc nghiém c,é nhiéu dang
khac nhau nhu ham tuyen tinh va ham phi tuyen tinh. Cac ham tuyen tinh khong
nhat thict la cac duong thang, nhung céc bien giai thich trong cac ham tuyén tinh
ton tai ¢ dang duong thang. Doi voi ham tuyen tinh da bien (Ham 6.26), Y = bien
phan hoi (D, H, V), X; = bién giai thich hay bieén du doan (A, SI), e = sai so.

Y =bp+ b Xy +bXo+ ... + b X +e (6.26)

Trong mot s6 truong hop, cac bién phan hoi ¢d thé o cac dang chuyén doi
khac nhau (Y, Y2, LnY...). Tuong tu, cac bien giai thich cling c6 thé ¢ cac dang
chuyén doi khac nhau (X, X2, LnX) hodc ¢ dang tuong tac (X;X).

6.3.4. Nhitng ham thwc nghiém twong dwong véi ham ly thuyét

. Theo quy luat, ‘du’b’ng cong m6 ta qua grinh sinh truédng trong toan bg doi
song cua cdy g0 va quan thu thuén loai dong tudi c6 dang dudng cong Sigmoid hay
duong cong hinh chir S. Buong cong nay o 2 diém uén, hai tiém cén tai Y = 0 khi

A=0vaY = Yy khi A = 0. Hai diém udn phan chia doi séng cua cay gb va quan
thy thanh ba pha: non tré, trusng thanh va gia cdi (Hinh 6.2).

YMax

—

Phanontré  iPhatfrsng thanhi  Pha gia cdi

A (nam)

Hinh 6.2. Cac pha sinh truéng cua cay gd va quan thu thuan loai
dong tudi.

Sinh truong (D, H, G, V)

Pha non tré bat dau tir luc ring phat sinh cho dén khi rung khép tan kin. 0
pha nay, rimg sinh truéng cham. Trén do thi, duong cong bi€u dién qua trinh sinh
truong (Y = D, H, G, M) xuat phat tr goc toa do, nghia la Y = 0 khi A = 0. Pha
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trung nién ké tir khi rirng khép tan kin cho dén khi sinh san manh. O pha nay, chiéu
cao sinh truong chdm, con duong kinh va thé tich sinh trudong nhanh. Trén do thi,
duong cong sinh trudng c6 dang gan nhu dudng thang v6i do dbc 16n. Pha gia coi
(thanh thyc) ké tir sau khi rimg sinh san manh cho dén khi _ngung sinh san. O pha
nay, chiéu cao ngung tang trudng, con D va V tang trudng rat cham.

Theo quy luat sinh truéng cua cay gd va quan thy, cic ham sinh trudng thuc
nghiém dugc chon phai thoa man 3 diéu kién: f(A) = 0 khi A = 0; 1 ti€ém céan tai
f(A) = Yyax va 2 diém ubn. Diém ubn thir nhat twong tng véi giai doan sinh trudng
cham chuyén sang giai doan sinh truong nhanh (Giai doan ring non chuyén sang
giai doan rung trung nién). Piém udn thir hai twong ung voi giai doan sinh truong
nhanh chuyén sang giai doan sinh truéng cham (Giai doan ring trung nién chuyén
sang giai doan rirng thanh thuc).

NGi chung, x4c dinh nhitng ham thoa man day du ba diéu kién trén day la
viéc l1am rat kho khan. Trude ddy nhiéu nha 1am hoc va diéu tra rimg da su dung
nhitng ham thyc nghiém tuong duong Vi ham Iy thuyét dé biéu dlen gan ding qua
trinh sinh truéng cua cay go va quan thy. Bang 6.4 ghi lai mot so ham thyc nghiém
thuong dugc tmg dung dé mé ta qua trinh sinh trudng cia ciy gb va rung.

Bang 6.4. Mot s6 ham thyc nghiém thuong dugc tng dung dé mo ta qué trinh sinh
trudng cua cay go va rung.

TT Tén ham s6 Nim Hinh théi ctia ham

1 Gompertz 1825 Y = m*exp(-b*exp(-c*A))

2 Logistic 1838 Y =m/(1 + b*exp(-c*A))

3 Monomolecular Y =m*(1 - b*exp(-c*A))

4 Schumarcher 1939 Y = m*exp(-b/A”\c)

5 Korf 1929 Y = m*exp(-b*A”-c)

6 Korf 1939 Y = m*exp((b/(1-c))*A(1-c))
7 Weibull Y = m*(1 — exp(-b*A"c))

8 Bertalanffy 1957 Y = m*(1 — exp(-b*A)"3

9 Chapman — Richards 1959 Y = m*(1 — exp(-b*A))"c

10  Korsun - Strand 1964 Y = AM2/(bg + by*A + by,*AN2)
11  Sloboda 1971 Y = m*exp(-b,*exp(-b,*Ab3))
12 Ly thua Y = m*A”b

6.4. Phan tich sai léch ciia cac ham sinh trwéng

Phan tich sai léch 1a kiém tra mirc d6 phu hop cta cac ham sinh truong so
v6i s liéu thuc té. Tir d6, chon ham sinh truong t6t nhat. Ve Iy thuyét, sai s6 cua
mot ham thich hop phan bd theo luat phan bd chuin va ngiu nhién. Tréi lai, sai s6
ctia mot ham khong thich hop phan b 1éch chuan va khong ngau nhién.

Phén bd sai s6 c6 thé dugc kiém tra bang d6 thi sai 1éch (Residual Plots) va
d6 thi mo ta quan hé giita s6 liéu dau vao (Observed Data) va sd liéu dau ra
(Predicted Data). Néu mot ham phu hop, thi cac diém giao nhau giita sb liéu dau
vao va so liéu dau ra nam trén dudng chéo cua hinh vudng. Néu cac diém giao nhau
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gifra s4 lidu dau vao va sb liéu dau ra khong ndm trén duong chéo cua hinh vudng,
thi mo hinh 1a kém phu hop.

Hinh 6.3 mé ta sai léch ctia ham Korf va ham lily thira duoc str dung dé ude
luong trir lugng gd cia rimg trong Thong ba 1a 40 tudi. Tir Hinh 6.3 cho théy, so
v6i ham lity thira, ham Korf phu hop hon boi vi cac diém giao nhau giita s6 liéu dau
vao va sb liéu dau ra déu nam trén dudng chéo cua hinh vudng.

Ham Korf: M = mxexp(-b*A”-c)

Plotof M Residual Plot
500
400 ; 15
—; 300 : 03
= 100 = g
1100 - -3
0 30 100 150 200 230 300 350 &0 430 300 0 50 100 150 200 250 300 350 200 450 S00)
prediced predicied M
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PlotalM Residuzal Mot
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Hinh 6.3. D6 thi so sanh sai 1éch cua ham Korf va ham [ty thtra duoc su
dung dé phan tich sinh trudéng trit lwrong gd cua ring Thong ba 14 40 tuoi.

Sai léch ctia c4c ham uéc luong sinh truong cta cdy gd va quan thu c6 thé
dugc danh gia bang nhiéu tiéu chuan khéac nhau; trong d6 nguoi ta thuong sir dung
10 tiéu chuan co ban: (1) Hg s6 xac dinh = R? (Cong thuc 6.27); (2) Kiém dinh F
(Cong thirc 6.28); (3) Tong sai léch binh phuong = SSE (Cong thirc 6.29); (4) Sai sb
chuan cua wdc luong = SEE (Cong thirc 6.30); (5) Sai s6 tuyét dbi trung binh =
MAE (Céng thtc 6.31); (6) Sai s6 tuyét ddi trung binh theo phan trim = MAPE
(Cong thuac 6.32); (7) Sai léch trung binh = ME hay Bias (Cong thic 6.33); (8) Chi
s6 pht hop (FI = Fit Index) (Cong thic 6.34); (9) Tiéu chuan thong tin Akaike
(Cong thtc 6.35); (10) Tiéu chuan U cua Theil (Cong thic 6.36). O cong thic
(6.27) — (6.36), Y1y VA Yy = gid tri ciia bién phu thugc thuc nghiém va uée luong
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tir ham sinh truong; Ygq = Trung binh cua bién phu thudc thuc nghiém; n = dung
lugng quan sat; p = s6 lugng tham s6 ctia ham sinh truong.
>V - Yw)?

R = [1- *100 6.27
S Vo Yoo .27
MSR
F= MSE (6.28)
MSR = SSE/p va MSE = SSE/(n - p).
SSE = Z(YTN - YUL)AZ (629)
RMSE = SEE =+/SSE/(n — p) (6.30)
MAE = [((Y1n - Yu)/n))| (6.31)
MAPE = (MAE/Y1y)*100 (6.32)
Bias = ME = (YTN - YUL) (6333)
Bias(%) = MPE = KYT%T:“LMOO (6.33a)
_ (YTN - YUL)2
F1=1 = Ye? (6.34)
AIC = n*Ln(SSE/n) + 2*p (6.35)
SEE (6.36)

U= Yo ++Yoru/n

Kiém dinh F la tiéu chuan tét dé xac dinh su phu hop cita ham sinh truong
v6i nhidu bién du doan. Hé s6 xac dinh R® = 0 — 1. Khi R® = 1, thi md hinh wéc
lwgng phu hop hoan toan véi chudi sé liéu. Tuy vay, bai vi R? khdng chi rd sai s6
caa mo hinh, nén mé hinh c6 R? = 1 khéng c6 nghia 1a mé hinh tét nhat. Bo 16n cua
R? gia ting dan theo sb luogng bién dyu doan trong cac mé hinh, mac du hé sb cua
mot s6 bién khong co ¥ nghia. Hé s& R? con phu thudc vao su chuyén ddi bién Y va
X;. Vi thé, hé sb R? Ia tiéu chuan kém chinh xac dé so sanh cac md hinh khac nhau.
Sai s trung binh (ME hay Bias) c6 thé nhan gié tri am hoic dwong. Néu n rat 16n
thi ME nhén gia tri bang Zero. Tiéu chuan ME thuong duoc st dung dé xac dinh sai
s6 hé théng cua cac ham sinh truong. Néu ME duong, thi gia tri du dodn nhan sai s6
duong, nghia 13 gia trj du doan 16n hon gié tri thuc té. Nguoc lai, néu ME am, thi
gia tri du doan nhan sai s am, nghia 1a gia tri du doan nho hon gia tri thuc té. Boi
vi ME c¢6 thé nhan gia tri bang Zero, nén no ciing khong thich hop dé so sanh cac
mo hinh sinh trudng. Tiéu chuan MAE va MAPE loai bo diu cua cac sai 1éch (ME,
MPE). Vi thé, MAE va MAPE la tiéu chuan t6t dé danh gia va so sanh cac md hinh.
M5 hinh t6t hon 12 mé hinh c6 MAE va MAPE nho. Han ché cia MAE 14 khong
cho biét chiéu huéng cia sai s6. Chi s6 FI nhan gia tri tir 0 — 1. Ham sinh trudng
thich hop 14 ham c6 diém s6 FI 16n nhat. Tiéu chudn AIC 14 wéc lugng sai 1éch cia
ham sinh truong. Ham sinh truéng thich hop 1 ham nhan AIC thip nhat. Tuy vdy,
tiéu chuan AIC chi thich hop dé so sanh cdc ham sinh truong véi it bién s6 dy doan.
Tiéu chuan U cua Theil 14 sai s6 twong d6i va nhan gia tri tir 0 — 1. Ham sinh truéng
thich hop 13 ham c6 diém s6 U thap nhét. Ba tiéu chuan SSE, MSE va SEE c6 quan
hé v6i nhau va ching déu biéu thi sai sb ciia mé hinh. Vi thé, ching Ia nhiing tiéu
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chuan thich hop dé danh gia va so sanh cac ham sinh trudong. Ham sinh trudng thich
hop la ham ¢6 SSEin, MSEwi, va SEEyin.

Quy tic quyét dinh: Ddi v6i ham sinh trudng tét nhat hay ham sinh trudng
t6i wu, R? = 1; SEE = 0; MAE = 0; MAPE = 0; SSE = 0; FI = 1; U = 0. Vi thé, khi
chon nhiéu ham sinh treéng dé so sanh, thi ham sinh truéng phi hop nhat 1a ham c6
RZMaX, SEEMina MAEMin’ MAPEMin, SSEMina FIMaX1 UMin- Tuy Vay, nhﬁ‘ng théllg ké
nay lai thay doi tuy theo ham sinh trudng. Mot ham co RZMaX nhung SEE lai cao hon
ham khac. Mat khac, hai ham c¢6 R? nhu nhau nhung ham nay nh4n SEE cao hon
ham khac. Vi thé, néu dua theo tit ca nhitng thdng ké nay, thi chung ta rit kho chon
ra ham phu hop nhat. Myc dich ciia xay dung ham sinh truéng 1a xac dinh ham wdc
luong va dy doan bién phu thudc tir nhitng bién du doan véi sai 1éch nho nhét. Theo
muc dich ndy, ham sinh trudng phi hop nhat 12 ham nhan SSEy;, hodc SEEwin.

6.5. Phuong phap chon ciac ham sinh truwéng va san luwgng rirng
6.5.1. Ham sinh truéng thich hop phu thudc vio ciac ham du tuyén

Qua trinh sinh trudong cta cay gd va rung c6 thé duoc mo ta bang mot sb
ham khac nhau. Néu sir dung nhitng ham dy tuyén khac nhau, thi két qua uéc lugng
va du doan qua trinh sinh trudng cia cdy gd va rimg 1a khac nhau. Pé chirng minh
nhan dinh nay, dudi diy dan vi du so sanh két qua udc luong M cua rimg Thong
(Pinus sylvestris) 140 tu6i bang 4 ham dy tuyén khac nhau (Korf, Gompertz,
Korsun-Strand va Chapman-Richrads). Hinh thai ciia 4 ham nay duoc dan ra &
Bang 6.4. Trir luong g5 cua rung Thong (Pinus sylvestris) 140 tudi dugc dan ra ¢
Bang 6.5. Cac hé sb hoi quy va nhiing thong ké sai léch cua 4 ham nay duoc xéac
dinh bang phuong phap hoi quy phi tuyén tinh cia Marquardt (Bang 6.6).

Bang 6.5. S6 liéu trir lugng gd cua rimg Thdng (Pinus sylvestris) 140 tudi.
A(nim) M (@m*ha) A (nam) M (m* ha)

1) (2) ©) (4)
10 20 80 590
20 75 90 655
30 155 100 695
40 235 110 730
50 325 120 765
60 415 130 800
70 520 140 835

S ligu o Bang 6.6(,) cho thay bbén ham nay déu c6 hé s xac dinh rat cao;
trong d6 thap nhéat & ham Korf (r* = 99,71%), cao nhéat & ham Korsun — Strand (r* =
99,92%). Ham Korf nhan nhitng gia tri SSE, SEE, MAE va MAPE cao nhat (twong
ung 2923,2; 16,3 cm; 13,0 cm va 10,7%), nho nhét 0 ham Korsun — Strand (tuong
tng 861,0; 8,8 cm; 7,1 cm va 3,1%). Bang cach khao sat 4 ham & Bang 6.6(5), Xac
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dinh dwoc nhimmg dic trung sinh trudng cua ring Thong (Pinus sylvestris) 140 tudi
(Bang 6.7; Hinh 6.4).

Bang 6.6(;). M6 hinh udc lugng trir lugng gd cua rimg Thong (Pinus sylvestris) 140
tu61 bang bon ham khac nhau.

Ham Phuong trinh:
) (2)
Korf M = 1505,17*exp(-49,7197*A 700264 (6.37)
Gompertz M = 874,43*exp(-4,38861*exp(-0,0299387*A))  (6.38)
Korsun-Strand M = A%(5,8326 - 0,020041*A + 0,0010548*A%)  (6.39)
Chapman-Richards M = 926,855*(1-exp(-0,0224639*A))*>"°% (6.40)

Bdng 6.6(,). Tuong quan va sai 1éch cua bdn ham wéc lwong trir lugng gd cua ring
Thong (Pinus sylvestris) 140 tuoi.

Ham sinh truong:

Théng ké

Korf Gompertz  Korsun-Strad  Chapman-Richards

(1) (2) ®3) (4) (5)

r? 99,71 99,89 99,92 99,90
SSE 2923,2 1080,3 861,0 1013,9
MSE 265,7 98,2 78,3 92,2
SEE 16,3 9,9 8,8 9,6
MAE 13,0 7,4 7,1 7,8
MAPE 10,7 6,6 3,1 4,2
Bias 2,02 -0,64 0,64 0,63
Bias% 7,84 -4,85 1,68 2,48

(6.37) (6.38) (6.39) (6.40)

Bang 6.7. Nhimng dic trung sinh truong trit luong gb cua rung Thong (Pinus

sylvestris) 140 tudi dugc xac dinh bang bon ham khéc nhau.

Ham

Tang trudng hang nam:

Tang trudng binh quan nam:

ZMyax A (mam) M (M’ ha) AMpe A (nam) M (m°/ha)
) (2) 3) (4) (5) (6) (7)
Korf 10,3 40 249,9 7,3 70 508,6
Gompertz 9,5 50 327,4 7,3 80 586,1
Korsun 9,7 50 334,8 7,3 80 510,5
Chapman 9,3 50 336,4 7,3 70 509,1

Phan tich s6 liéu & Bang 6.7 va Hinh 6.4 cho thay, néu str dung 4 ham (Korf,
Gompertz, Korsun-Strand va Chapman - Richrads) dé phan tich ting trudng trit
luong gd cua rimg Thdng (Pinus sylvestris) 140 tudi, thi dai luong ZMya dat cao
nhit & ham Korf (10,3 m*/ha/nam), thip nhit & ham Chapman — Richards (9,3
m*/ha/nam). Thoi diém dat ZMy hay diém ubn cia ham Korf (40 nim) nho hon
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mot cAp so v6i ba ham Gompertz, Korsun-Strand va Chapman-Richrads (50 nim).
Mic dit AMyay O ca 4 ham nay déu nhan gié tri twong tu nhu nhau (7,3 m*/ha/nam),
nhung thot diém dat AMpyay & ham Korf va ham Chapman-Richards (70 nam) nho
hon mét cdp so voi hai ham Gompertz va ham Korsun-Strand (80 nim). Trit luong
gS ma tai do Xuét hién ZMpax va AMpax 0 4 ham nay cting khac nhau kha 16n.

ZM (m*/ha/nim) AM (m*ha/nam)

1240 4 8409

oo —r/——rrrrr—rT—rr
1020 30 40 50 60 70 80 90 100110120130 140 10 20 30 40 50 60 70 S0 90 100110120130 140

0o

<+ Korf ——Gompertz —— Korsun ===~ Richank s Korl == =Gompertz —— Korsun ==== Richark

Hinh 6.4. D6 thi so sanh luong ting truong trit lwong gd cua rimg Thong
(Pinus sylvestris) 140 tu6i dugc udc lugng bang bon ham khac nhau.

_ Tu nhting phan tich sai khac cua 4 ham dy tuyén trén ddy cho thiy, voi cung
nguon so liéu nhu nhau, néu hai nha nghién ctu chon hai ham khac nhau, thi két
qud ude luong va du doan trir lwong go cua rung Thong (Pinus sylvestris) 140 tuoi
la khac nhau. Boi vi cac nha nghién ctru c6 thé chon nhiing ham du tuyén khac
nhau, nén két qua wdc luong va du doan sinh truong cua rung cung khac nhau. Day
1a 1y do dan dén nhing tranh ludn v€ két qua nghién curu. O day kién thuc cua nha
nghién ctru va nguon tai li¢u tham khdo dong vai tro quan trong trong viéc chap
nhan két qua nghién ctru.

6.5.2. Phwong phap phén tich hoi quy
6.5.2.1. Khdi qudt vé phwong phdp phan tich hbi quy

Phén tich hoi quy bao gém ba phuong phap co ban. Mot 1a phuong phap
binh phuong nhé nhat (Least Squares Method). Hai 1a phuong phap hoi quy phi

tuyén tinh (Nonlinear Regression Method). Ba la phuong phap hoi quy Ridge
(Ridge Regression Method).

Phuong phap binh phuong nhé nhat 1a mot dang phan tich hoi quy dé xac
dinh ham hoi quy phl hop nhét voi mot tap dir ligu. Cac hé s6 ctia ham hoi quy
dugc xac dinh bang phuong phap dai s6 tuyén tinh. Phuong phap nay co dac tinh la
udc lugng phuong sai khong tréch va nho nhat. Tuy vay, doi V6i nhitng ham phi
tuyen tinh khong thé tuyen tinh héa bang phuong phap dai s, thi sai sé s& léch
chuan va phuong sai 1a hang sé.
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Hoi quy phi tuyén tinh 13 mot dang phan tich hoi quy; trong do cac tham sb
ciia ham hoi quy dugc xac dinh theo nguyén 1y SSEyin. Dé tim cac hé sb cua ham
hoi quy, trugce hét gia dinh nhitng tham sé cia ham hdi quy bang nhing gia tri nao
d6. Ké dén, thay nhing gia tri gia dinh vao ham hdi quy va tinh hé s6 xac dinh (R?
cung v6i cac théng ké sai léch (Bias, SSE, SEE, MAE, MAPE...). Qu4 trinh tinh
toan nay duoc lip di 1ap lai nhiéu lan cho dén khi théa man tiéu chuan ding
(Stoping Category) hay tiéu chuan kiém dinh tinh phi hop cua md hinh. Muc dich
cua phan tich hdi quy 1a xac dinh ham hdi quy véi sai léch nho nhat. Theo do, tiéu
chuan ding 12 SSEpin. S6 budce tinh toan phu thudc vao nhitng tham sb gia dinh ban
dau. Néu cac tham s6 gia dinh ban dau gan bang tham sé thyc, thi s budc tinh toan
it hon so véi cac tham s gia dinh ban dau khac xa véi tham sé thyc. Ham hoi quy
¢6 tham sb thuc 1a ham hoi quy nhan SSEy;,. Boi vi cac budc tinh toan rat 16n va
mat nhiéu thoi gian, nén ngay nay nguoi ta da xay dyng nhiing phan mém théng ké
dé giai cac ham bang phuong phap phan tich héi quy phi tuyén tinh. Cac tham s
ciia ham hoi quy c6 thé dugce xac dinh theo phuong phap ciia Marquardt, Gauss —
Newton va Steepest Descent; trong do phwong phap cua Marquardt 1a thong dung
nhat.

Hoi quy Ridge duoc thiét ké dé giai nhitng bai toan hoi quy da bién ma céc
bién doc lap co quan hé chat ché véi nhau (Cong tuyén tinh). Trong trudng hop nay,
nhitng tham sé ciia mo hinh héi quy da bién dugc udc lugng theo phuong phap binh
phuong nhé nhét thong thuong bi sai léch 16n. Hoi quy Ridge khong chi 1am giam
nhitng bién dong cua cac hé sé6 caa mod hinh tuyén tinh da bién, ma con phan anh rd
chiéu huéng ciia mdi quan hé giita bién phu thudc (Y) v6i cac bién doc lap (Xj).
Diéu d6 cho phép xay dung mé hinh chinh xac hon. Cac hé sé cua X; dugc xac dinh
bang h0| quy Ridge s& bi tréch, nhung ching lai co bién dong nho (VIF gan bang D).
Tham s6 diéu chinh (Ridge) kiém soat do léch cua CaC hé s6 hoi quy. Tham sb
Ridge nhan gia tri tr 0 = 0,1. Khi gié tri Ridge cang gan 0, thi cac hé sd cua md
hinh cang khong tréch. Khi gia tri Ridge cang gan 0,1, thi cac hé s6 caa md hinh
cang tréch. Vi thé, dé lam giam do tréch caa cac hé sé hdi quy, ching ta can phai
diéu chinh tham s6 Ridge thich hgp. Dé tim tham sb Ridge thich hop, ngudi ta dua
vao 2 dau higu. Mot 1a bién dong cia cac hé sb hoi quy chuan hoéa X; (Standardized
Regression Coefficients). Hai la yéu t6 khuyéch dai phuong sai (Variance Inflation
Factors = VIF). Yéu t6 khuyech dai phuong sai so sanh bién dong cuia cac hé sé hoi
quy chuan hoa va hé s hoi quy khdng chuan héa. Khi VIF >> 1, thi bién dong cua
cac hé sd hoi quy chuan héa 16n hon so véi hé sé hoi quy khong chuan hoéa. Khi
VIF << 1, thi bién dong caa céc hé sé hoi quy chuan hda nho hon so véi hé sé hoi
quy khdng chuan héa. Khi VIF = 1, thi bién dong cua cac hé s6 hdi quy chuan hoa
bang bién dong cua hé sé hdi quy khéng chuan hoa. Vi thé, néu can cr vao VIF, thi
tham sb Ridge thich hop twong tng véi VIF = 1.

6.5.2.2. Ky thudt phan tich héi quy

K¥ thut phén tich hdi quy khong chi anh huong dén nhirng dic tinh cta ham
hdi quy uéc lwong, ma con dén két qua phan tich qua trinh sinh trudng cua cay gb
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va ring. Dé chimg minh cho nhan dinh nay, duéi day din vi du xdy dung ham sinh
truong trir lwong gb cua rung Thdng (Pinus sylvestris) 140 tudi duge uée luong
béng ham Korf (Ham 6.41); trong d6 ba tham s6 m, b va ¢ dugce xac dinh bé’mg
phuong phap binh phuong nho nhat va phuong phap hoi quy phi tuyén tinh.

M = m*exp(-b*A%-c) (6.41)

Theo phuong phéap binh phuong nhé nhét, cac hé s6 ciia ham Korf duoc xac
dinh theo 2 phuong phéap: (a) C6 dinh tham s6 m, thay d6i tham sb b va c; (a) C6
dinh tham sé c, thay doi tham s m va b.

Khi ¢6 dinh tham s m, thi ham Korf dugc tuyén tinh héa nhu ham 6.42.

Ln(Ln(m/M)) = Ln(b) - c*Ln(A) (6.42)

bat Ln(Ln(m/M)) =Y; Ln(b) = bg; c =b; va Ln(A) = X.

Tur do Y =bg- by*X.

Khi ¢ dinh tham s ¢, thi ham Korf duoc tuyén tinh héa nhu ham 6.43.

Ln(M) = Ln(m) - b*A"-c (6.43)

bat Ln(M) =Y; Ln(m) = co; b = ¢q; /A = X.

Trdo Y =cp-c*X
Bang 6.8(,). Phan tich hdi quy twong quan M = (A) dbi v6i rung Thong (Pinus
sylvestris) 140 tudi bang ham Korf. Truong hop ¢ dinh tham s6 m.

Ba tham s0:
i m b c Ham
1) (2) 3 4)
1 2000 23,326 -0,6655 (6.44)
2 2100 22,4345 -0,6475 (6.45)
3 2200 21,6783 -0,6313 (6.46)
4 2300 21,0294 -0,6167 (6.47)
5 2400 20,4665 -0,6034 (6.48)

Phituyén 150517 49,7197  0,900264  (6.37)

Bang 6.8(,). Thong ké sai léch cia ham Korf. Trudng hop b dinh tham s6 m.

m r? SSE SEE MAE MAPE Bias
) (2) 3) (4) (5) (6) (7)

2000 99,28 56276 22,6 16,7 7,6 -0,34 (6.44)

2100 99,34 54750 22,3 16,7 7,4 -0,09 (6.45)

2200 99,38 5413,3 22,2 16,8 7,1 0,11 (6.46)

2300 99,42 54216 22,2 17,1 6,9 0,27 (6.47)

2400 99,44 54855 22,3 17,3 6,8 0,41 (6.48)

Phi myén 99,71 2923,2 16,3 13 10,7 2,02 (6.37)

Ham

’ Theo phuong phap binh phwong nho nhét, néu gia dinh tham sé m duoc chon
c0 dinh trong khoang tr 2000 — 2400, thi cac ham udc lugng M = f(A) cua rung
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Théong (Pinus sylvestris) 140 tudi c6 dang nhu ham 6.44 — 6.48 (Bang 6.8 va Hinh
6.5).

Sai s6 udc lugng (SEE)

235 -

L.

233 123.2

23.0 \

77 ] \

et 22.6

22.5
225 - \ < - 223 /

N 22.3

1900 2000 2100 2200 2300 2400 2500
Tham s6 m

Hinh 6.5. Do thi biéu dién sy bién doi cua sai sb udc luong trir
lugng g6 cua rung Thong (Pinus sylvestris) 140 tudi theo ham
Korf. Truong hop co6 dinh tham so m.

Phén tich s6 ligu & Bang 6.8, va Hll’lh 6.5 cho thay, néu gia dinh chon tham
s6 m tang dén tir 2000 dén 2400, thi hé sb r” ciing ting dan tir 99,28% dén 99,44%.
Trai lai, gia tr1 SSE va SEE gidm dan va nhan gia tri nhd nhét tai m = 2200. Theo
nguyén 1y SSEpin, tham sé m thich hop 13 2200 va ham uéc lugng M = f(A) ¢ dang
ham 6.46 (Bang 6.8,). Him nay nhan gia trji SSEyi, = 5413,3 va SEE = 22,2 m%/ha.

Néu tham s6 ¢ duge chon ¢b dinh trong khoang ti{ 0,20 — 0,80, thi ham udc
lugng M = f(A) cua ring Thong (Pinus sylvestris) 140 tudi c6 dang nhu ham 6.49 —
6.55 (Bang 6.9 va Hinh 6.6).

Phén tich sb liéu & Bang 6.9(5) cho thay, néu gia dinh chon tham sé ¢ ting
dan tir 0,2 dén 0,8, thi hé So r? tang dan tir 98,8% dbi voi tham s ¢ = 0,2 va dat 16n
nhat 99,7% d6i v6i tham sb ¢ = 0,4. Trai lai, gia tri SSE va SEE giam dan trc=0,2
(twong tng SSE = 69305; SEE = 79,4 m°/ha) va nhdn gi4 tri nhod nhit tai ¢ = 0,5
(twong mg SSE = 7995; SEE = 27,0 m%ha). Theo nguyén 1y SSEwin, tham sb ¢
thich hop 1a 0,5 va ham udc luong M = f(A) c6 dang nhu ham 6.52 (Bang 6.9,).
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Bang 6.9). Phan tich héi quy twong quan M = (A) dbi v6i ring Thong (Pinus
sylvestris) 140 tudi bang ham Korf. Truong hop ¢b dinh tham s c.
Ba tham s0 cuia ham Korf:

i m b c Ham

1) (2) 3 4
1 223708,7 -14,5149 0,2 (6.49)
2 22413,1 -13,8783 0,3 (6.50)
3 7094,7 -14,8109 0,4 (6.51)
4 3563,33 -16,7287 0,5 (6.52)
5 2256,9 -19,5331 0,6 (6.53)
6 1632,45 -23,2849 0,7 (6.54)
7 1284,0 -28,1332 0,8 (6.55)

Phituyén 150517 49,7197  0,900264  (6.37)

Bing 6.94,). Thong ké sai léch cua ham Korf. Truong hop cb dinh tham sb c.

C r? SSE SEE MAE MAPE Bias s
(1) @ @& @ (6 6 o
0,2 98,8 693050 794 51,1 10,0 -11,3 (6.49)
0,3 99,4 37589,2 58,5 37,8 6,9 -6,7 (6.50)
0,4 99,7 171124 39,4 26,2 49 -1,6 (6.51)
0,5 99,6 7995,0 27,0 19,6 5,4 3,5 (6.52)
0,6 99,2 9580,7 29,5 23,0 7,6 8,7 (6.53)
0,7 98,5 20939,7 43,6 36,1 11,0 14,0 (6.54)
0,8 97,5 407215 60,8 490 14,4 19,1 (6.55)

Phituyén 99,71 29232 163 13 10,7 202  (6.37)

Déi v6i phuong phap hoi quy phi tuyén tinh cua Marquardt, ba tham s6 m, b
va ¢ ctia ham Korf duoc diéu chinh dé nhan sai 1éch nho nhat (SSEwi, hay SEEmin).
Ham ué6c lugng trit lwong gd cua rimg Thong (Pinus sylvestris) 140 tudi theo ham
Korf c¢6 dang nhu ham 6.37 (Bang 6.6; 6.8 va 6.9). Ham nay nhan gié tri SSEy, =
2923,2 va SEE = 16,3 m%/ha.

So sanh ham 6.37 véi ham 6.46 va ham 6.52 (Bang 6.8 va Bang 6.9) cho
thdy k¥ thuat phan tich hdi quy anh huong dén hé sd xac dinh va cac sai léch cua
ham héi quy udc lugng. Cac tham sb cua ham Korf duge ude luong béng phuong
phap binh phuong nho nhat nhén sai léch 16n hon so v&i phuong phap hoi quy phi
tuyén tinh (Bang 6.10). Néu str dung k¥ thuat binh phuong nhé nhit va cd dinh
tham s& m, thi ham hdi quy u6c lwong nhan gia tri SSE va SEE tuong tng lon hon
1,85 lan va 1,36 lan so véi phuong phap hoi quy phi tuyen tinh. Néu str dung k¥
thuat binh phuong nho nhat va c¢6 dinh tham sé c, thi ham héi quy wéc lugng nhan
gia tri SSE va SEE tuong ung lon hon 2,74 lan va 1,66 1an so v4i phuong phéap hoi
quy phi tuyén tinh. Mt khac, néu cac tham s6 ctia ham Korf duoc ude lugng bang
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phuong phap binh phuwong nhé nhit va c¢b dinh tham s ¢, thi ham h(‘A)i‘ quy udc
lugng nhén gia tri SSE va SEE lon hon twong ng 1,48 lan va 1,22 lan so vdi
phuong phéap co6 dinh tham s6 m.

Sai sb u6c lugng (SEE)
80 79.4 :

70-\\\

\ 60.8

58.5

60. (oot S LA S — SE—— —— A —_—

43.6

39.4 (
40 1 i 1 1
29.5
L N 27.0 |

30 1 . ////

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Tham sé ¢
Hinh 6.6. D) thj biéu dién sy bién d6i cua sai sb u’(’{c luong triv
lugng g6 cua rung Thong (Pinus sylvestris) 140 tu6i theo ham
Korf. Truong hgp co dinh tham so c.
Bing 6.10. So sanh sai léch ctia ba phuong phéap udc luong trit lwgng gd cua rimg
Thong (Pinus sylvestris) 140 tudi bang ham Korf.

Phuong phap SSE  SSE  (SSE;,)/(SSE;) (SEE;,)/(SEE3)
O R ©) ) ©

1) C(? dinh tham s(? m 5413 222 1,85 1,36

(2) Co dinh thamsd ¢ 7995 27,0 2,74 1,66

(3) Ham phi tuyén tinh 2923 16,3 1,00 1,00

K§ thuat phan tich hdi quy ciing anh huéng Qén két qua phén tich qué trinh
sinh trudng cua ring Thdng (Pinus sylvestris) 140 tuoi (Bang 6.11 va Hinh 6.7).
Bang 6.11. Nhing dac trung sinh truéng trir luong gd cua rumg Thong (Pinus
sylvestris) 140 tuoi duogc xac dinh bang ham Korf.

Phuong Tang truéong hang nam: Tang trudng binh quan ndm:
phap ZMpax A (ndm) M (m*ha) AMpa A (ndm) M (m°/ha)
) (2) 3) (4) () (6) (7)
Co dinh m 91 40 266,3 7,1 60 429,0
C6 dinh ¢ 9,5 40 253,0 6,9 70 482,5
Phi tuyén 10,3 40 249,9 7,3 70 508,6
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Ba phuong phap udc luong cac tham sd ctua ham Korf déu cho thoi diém ma
rimg Théng (Pinus sylvestris) dat ZMyay trong ty nhu nhau (40 tudi). Thé nhung,
gia tr1 ZMy,, dat cao nhét & phuong phap ham phi tuyén (10,3 m>/ha/ndm hay
100%), cao hon tuong tng 13% va 8% so v&i phuong phap ¢ dinh tham sé m va c.
Hi¢én tuong nay cling xay ra ddi voi dai luong AMpyax. Thot diém dat AMpyax O
phuong phap cb dinh tham sé m (70 nim) nho hon mot cip A so véi phuong phap
¢ dinh tham s6 ¢ (80 nidm) va phuong phap ham phi tuyén (80 nam). Trit luong gd
ma tai d6 xudt hién ZMpa vd AMya 0 ba phuong phap nay ciing khac nhau kha
lon.

ZM (m*/ha/nam) AM (Mm% ha/nam)
12.0 R0 9

7.0 4
10.0 I
6.0 1
8.0
5.0 1
404

304

’1(",1.

10 4;

0.0 | S s S S S S S S
10 20 30 40 50 60 70 80 90 100110120130 140 10 20 30 40 %0 60 70 S0 9% 100 ||( |7|.|1|.|,u|

=t=IM(m) =D=IMI() ===7M(Phnmyén) == AM(m) “O=AMc) == = AM(Phine

Hinh 6.7. D6 thi so sanh lugng ting trudng trir lugng g cua rimg Thong
(Pinus sylvestris) 140 tuoi dugc udc luong bang ham Korf; trong do ba
tham s6 dugc udce lugng theo ba phuong phap khac nhau.

Ky thuét phan tich hoi quy khong chi anh huéng dén chiéu hudng cua moi
quan hé glu’a bién phu thudc (Y) vé6i cac bién doc 1ap (X;), ma con dén do chinh xac
ctia ham hoi quy uéc luong. Bé chimg minh cho nhan dinh nay, dudi diy dan vi du
xdy dyng ham sinh trudng thé tich than (V, m®) déi v6i ciy binh quén cua ring
trong Keo lai theo s6 liéu & Bang 6.12. Trong vi du ndy, ham thé tich than ciy binh
quan cta rimg trong Keo lai dugc mo ta bang ham 6.56; trong d6 SI 1a chi s6 1ap
dia.

V = by + by*A + by*A? + by*(D?*H) - b,*(SI/H) (6.56)

Tu’ s6 lidu & Bang 6.12, xac dinh duoc hé sb tuong quan gitra V vo1 4 bién A,
A? (D’H) va (SI/H) (Bang 6.13). S6 liéu & Bang 6.13 cho thay gitra V va 4 bién du

doan nay ton tai quan hé chit ché véi nhau; trong d6 V chi ¢6 mdi quan hé am chat
ché (r = -0,630) voi bién (SI/H).

Két qua xdy dung ham uwéc luong thé tich than ciy binh quan cta rimg Keo
lai trén ba cip 1ap dia bang phuwong phap binh phuong nhé nhat (BFNN) va hoi quy
Ridge dugc ghi lai tuong tng & Bang 6.14 va 6.15. Theo phuong phiap BFNN
(Bang 6.14), V tdn tai quan hé 4m v&i A% (b, = -0,00003383), nhung quan hé duong
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voi (SI/H) (bs = 0,00049663). Két qua nay trai nguoc voi phan tich tuong quan
tuyén tinh don gitra V voi A% va (SI/H) (Bang 6. 13). Theo phuong phap hdi quy
Ridge (Bang 6.15), V tdn tai quan hé duong véi bién A? (b, = 0,00018885), nhung
quan h¢ am voi bién (SI/H) (by = -0 00179547) Két qua nay phu hop vé6i phan tich
turong quan tuyén tinh don giita V véi A? va (SI/H) (Bang 6.13).

Bang 6.12. Thé tich than cay binh quan cua rung trong Keo lai trén ba céap 1ap dia
khac nhau tai tinh Pong Nai. Nguon: Tran Thi Ngoan, 2019.
Amim) SI V(m® H(m) D(m) Amim) SI V(m® H(m) D (cm)
2 24 00104 7,2 6 2 16 0,0023 473 3,6

3 24 00362 10,9 91 3 16 00119 75 6,3
4 24 00757 141 11,6 4 16 0,0251 9,6 8,1
5 24 0,1284 16,5 13,9 5 16 00371 10,9 9,2
6 24 01591 17,6 14,9 6 16 00573 12,7 10,6
7 24 0,2085 195 16,3 7 16 0,058 12,6 10,7
8 24 10,2383 20,5 17 8 16 0,0734 13,7 11,6
9 24 0,2984 22 18,3 9 16 0,1098 15,7 13,1
10 24 0326 22,7 18,9 10 16 0,1183 16,1 13,5
2 20 0,0047 56 4,5
3 20 0,0225 93 7,8
4 20 0,0462 119 9,8
5 20 0,0727 13,7 115
6 20 0,102 155 12,8
7 20 0,1168 16,2 13,3
8 20 01483 174 14,6
9 20 01765 18,6 15,3
10 20 01941 191 15,9

Phén tich sai 1éch ctia ham thé tich (Bang 6.16) cho thay phuong phap BFNN
nhan céc sai léch (Bias, Bias%, MAE, MAPE, SSE va SEE) nhé hon so véi phuong
phap hdi quy Ridge. So véi phuong phap BFNN, hai gia tri SSE va SEE ¢ hdi quy
Ridge 16n hon tuong tng 236,8 lan va 15,4 1an. Vi thé, ham thé tich than cay binh
quan cua rimg trong Keo lai dugc xay dung theo phuong phap BFNN cho két qua
udc lugng V voi sai léch nho hon. Boi vi cac hé s6 cua ham hoéi quy co bién dong
rat 16n (VIF >>), nén ham V duogc udc luong theo hdi quy BFNN cho két qua du
doan V véi sai 1éch 16n hon so véi hdi quy Ridge.
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Bang 6.13. Ma tran tuong quan gitta thé tich than cdy binh quan cia ring trong Keo
lai v&i bdn bién A, A (D*H) va (SI/H).

Vv A A’ D°H
R 0,790
A p 0,000
N 27 27
R 0,781 0,983
A? p 0,000 0,000
N 27 27 27
R 0,988 0,835 0,807
DH p 0,000 0,000 0,000
N 27 27 27 27
R -0,6307 -0,8307 -0,729" -0,724"
SI/H P 0,000 0,000 0,000 0,000
N 27 27 27 27

Bang 6.14. Két qua phan tich ham udc luong ghé tich than cay binh quan cua rimg
Keo lai theo bdn bién A, A%, (D?H) va (SI/H) bing hdi quy binh phuong nhoé nhét.

Parameter Estimate Variance Inflation Factor
CONSTANT -0.00265890

A 0.00053415 149.286

A2 -0.00003383 97.1655

(D~2*H) 0.00004034 2.67289

(S/H) 0.00049663 10.7876

R-Squared = 99.9937 percent
R-Squared (adjusted for d.f.) = 99.9925 percent
Standard Error of Est. = 0.000768127
Mean absolute error = 0.000511543
Residual Analysis
Estimation Validation
n 27
MSE 5.90019E-7
MAE 0.0005115
MAPE  0.653558
ME 4.385E-17
MPE -0.0276901

6.5.3. Thao luin vé phwong phap xdy dung va chon ham sinh trwéng

Sinh trudng cua cdy gd va ring c6 thé duge mé ta biang cac ham sinh trudng.
Mot cau héi dat ra 1a st dung ham sinh trudng khac nhau anh hudng dén két qua
phan tich qua trinh sinh trudng cta cdy gd va ring nhu thé nao? Vé Iy thuyét, cac
ham sinh trudng dugce chon phai thoa man 3 diéu kién: (a) f(A) = 0 khi A = 0; 1
tiém can tai f(A) = Ywax va 2 diém ubn. Biém udn thi nhat tuong (ng voi giai doan
sinh truong cham chuyén sang giai doan sinh truéng nhanh hay giai doan ring non
chuyén sang giai doan rimg trung nién. Diém udn thir hai twong tng voi giai doan
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sinh truéng nhanh chuyén sang giai doan sinh truéng cham hay giai doan ring
trung nién chuyén sang giai doan rumg thanh thuc. Béi vi nhiéu ham sinh truéng
cung théa man ba dicu kién ké trén, nhung dic tinh ciia cac ham la khong giéng
nhau. Vi thé, néu chon nhitng ham du tuyén khiac nhau dé md ta qua trinh sinh
truong cua cdy gb va rung, thi két qua nhan duoc 1a khac nhau.

Bing 6.15. K&t qua phan tich ham w6c lugng the tich than cay binh quan ciia rimg
Keo lai theo bén bién A, A% (D’H) va (SI/H) bang hdi quy Ridge.
Model Results for Ridge Parameter = 0.1

Parameter Estimate Variance Inflation Factor
CONSTANT 0.00167340
A 0.00234954 0.55535
A”2 0.00018885 0.93988
(D"2*H) 0.00003234 1.49291
(S/H) -0.00179547 1.39849

R-Squared = 91.9773 percent
R-Squared (adjusted for d.f.) = 90.5187 percent
Standard Error of Est. =0.0118198
Mean absolute error = 0.00777656
Residual Analysis
Estimation Validation
n 27
MSE 0.000139707
MAE 0.00777656
MAPE 9.77946
ME 3.46945E-17
MPE -4.76243

Bang 6.16. Sai I¢ch ctia ham udc luong thé tich than cay binh quén cua rimg Keo
lai theo phuong phép binh phuong nho nhat va hoi quy Ridge.

Hbi quy Bias Bias% MAE  MAPE SSE SEE
BENN® (1) 000 -003 000051 0,65  0,000013  0,00077
Ridge (2) 000 -476 000778 9,78  0,003074  0,0118

Ty 1€ (2/1) -0,4 171,3 15,2 15,0 236,8 15,4
(*) BFNN = Hoi quy binh phuong nho nhat.

Thong thuong, ham dugc sir dung dé phan tich qué trinh sinh truéng ciia cay
g0 va ring dugc kiém dinh tir mot s6 ham du tuyén khac nhau va ham héi quy thich
hop dugc chon theo ti€u chuan SSEi, hodc SEEyin. Nhitng ham dy tuyén duoc
chon c6 lién quan dén kién thirc va nguon tai liéu tham khao cua nha nghién ciru.
Dé han ché nhitng tranh luan vé két qua nghién clru, tong quan tai liéu nghién ciru
dong vai trd quan trong d6i v6i viée chon ham sinh trudong. Nhitng ham dy tuyén
thudng duoc chon theo phuong phéap biéu dd hodc tir nhitng ham d3 dugc nhiéu nha
nghién ctru stir dung. Mot cach khac dé thong nhat quan diém 14 dya vao muyc dich
ctia phén tich hdi quy. Vé co ban, muc dich ctia phan tich hdi quy trong 1am hoc 1a
x4c dinh ham uéc lugng va dy doan qud trinh sinh trudng ctia cdy gob va rimg voi
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sai 1éch nho nhit. Theo quan diém nay, tir nhitng ham du tuyén thoa man 3 diéu
kién ctia ham sinh truédng, nha 1am hoc chon ra mot ham thich hop; trong dé ti€u
chuan chap nhan ham thich hop 1a SSEy;i, hodc SEE ;.

Trong phan tich hoi quy, cac tham sé ctia ham hdi quy c6 thé duoc xac dinh
bang phuong phap BFNN, hoi quy phi tuyén tinh va hdi quy Ridge. Mot cau hoi dit
ra la ky thuat phan tich héi quy anh huong dén két qua phan tich qua trinh sinh
truong cua cdy go va rung nhu thé nao? V& co ban, néu sir dung k¥ thuat phan tich
hdi quy khac nhau ddi véi ccung mét ham sinh truong, thi ham hdi quy cb cac h¢ sb
khac nhau. Diéu d6 din dén két qua phén tich qué trinh sinh truong cua cay go va
rung cling khac nhau. Pé nhan duoc ham uée luong va dy doan tdt, trude hét nha
1am hoc can str dung mot sé k¥ thuat phan tich hdi quy; sau d6 chon ham héi quy
dap tmg muc tiéu SSEwi,. Ham hdi quy dugc xay dung theo hai phuong phap
BENN va hoi quy phi tuyén tinh cho sai sé uéc luong nho hon so véi héi quy
Ridge. Vi thé, hai phuong phap nay dugc st dung dé xay dung ham udc luong
nhimg phan hoi cia cay gd va ring véi cac bién giai thich. Phuong phap hoéi quy
Ridge c6 uu diém 1a n6 phan 4nh rd chiéu huéng quan hé gitta bién phan hoi va
bién giai thich. Vi thé, khi xay dung ham de phan tich anh huong cua cac bién moi
truong dén sinh trudng cia cdy gd va rimg, thi hdi quy Ridge 1a phuong phap hiru
dung.

6.6. Phwong phap phén tich hoi quy phi tuyén tinh va hdi quy Ridge
6.6.1. Phwong phap phan tich hoi quy phi tuyén tinh

Hién nay nhiéu phan mém thong ké cung cap nhiing phuong phap khac nhau
trong phan tich hoi quy phi tuyen tinh. Phan nay chi gioi thiéu phwong phap phan
tich hoi quy phi tuyén tinh bang phan mém théng ké STATGRAPHICS. Gia st
chung ta can xay duyng ham sinh truong trir luong gd cua rung Thong (Pinus
sylvestris) 140 tudi bang ham Korf (Ham 6.57) theo so liéu dau vao ¢ Bang 6.5.

M = m*exp(-b*A”"-c) (6.57)

Pé xac dinh ba tham sé m, b va ¢ ban dau bang phuwong phap phan tich hoi
quy phi tuyén tinh, cac bude xtr Iy nhu dudi day.
Budc 1. Tuyén tinh héa ham Korf (Ham 6.58 va 6.59).

Ln(Ln(m/M)) = Ln(b) - c*Ln(A) (6.58)
bat Ln(Ln(m/M)) =Y; Ln(b) = bg; c =b; va Ln(A) = X.
Trdo Y =bg- b *X (6.59)

Budc 2. Gia dinh ba tham sé m, b va ¢ ban dau. Trudc hét gid dinh tham $6
m = 2000 (m*/ha) va tinh Ln(Ln(2000/M)) va Ln(A) (Bang 6.17). Hai tham sb b va
¢ ban dau duoc x4c dinh bﬁng Ham 6.59. Pé dat duoc muc dich nay, trudc hét Copy
sO lidu & 4 cot cia Bang 6.17 va tha vao bang tinh cta Statgraphics (Hinh 6.8). Ké
dén, dé xac dinh hai tham sb by va by ciia Him 6.59, vao duong d2~1n Improve >
Regression Analysis > One Factor > Simple Regression. Dén day xuat hién mot cira
s0 nhu Hinh 6.9. Tai cura sO ndy, chuyén Y va X vao hai 6 Y va X. Sau d6 chon OK
dé nhan hai tham sb by (Piém chin = Intercept) va by (D6 dbc = Solpe) (Ham 6.60;
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Béang 6.18). Tham ,sé b cua Ham 6.57 duoc xac dinh bang cach iy d6i Logarit co sO
Neper cua tham sO b, nghia la exp(bg) = exp(3,14957) = 23,32603. Tham s6 m =
2000, con tham s6 ¢ = b, = (-0,66552).
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Hinh 6.8. S6 liéu dau vao dé udc lugng ba tham s6 m, b va ¢ ban dau
cua ham Korf.

-k wh ma

Bang 6.17. Ham trir luong gd cua rung Thong (Pinus sylvestris) 140 tudi dugc xay
dung bang ham Korf & dang tuyén tinh hoa véi M = 2000 m*/ha.

A (nam) M (m*ha) Ln(Ln(M/m))  Ln(A)

€9) 2) ©) (4)

10 20 1,52718 2,3026
20 75 1,18888 2,9957
30 155 0,93902 3,4012
40 235 0,76142 3,6889
50 325 0,59723 3,9120
60 415 0,45275 4,0943
70 520 0,29793 4,2485
80 590 0,19949 4,3820
90 655 0,10999 4,4998
100 695 0,05543 4,6052
110 730 0,00783 4,7005
120 765 -0,03975 4,7875
130 800 -0,08742 4,8675
140 835 -0,13528 4,9416
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Hinh 6.9. Xay dung ham Korf ¢ dang tuyén tinh: Y = by - b;*X.

Bang 6.18. Két (é{ua udc luong tham s6 by va by cua ham Korf & dang tuyén tinh hoa
voi M = 2000 m°/ha.

Least Squares  Standard T
Parameter Estimate Error Statistic P-Value
Intercept  3.14957 0.0677435 46.4926 0.0000
Slope -0.665525 0.0162485 -40.9592 0.0000
Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 3.45038 1 3.45038 1677.66 0.0000
Residual 0.02468 12  0.00205667
Total (Corr.) 3.47506 13

Correlation Coefficient = -0.996443

R-squared = 99.2898 percent

R-squared (adjusted for d.f.) = 99.2306 percent
Standard Error of Est. = 0.0453505

Mean absolute error = 0.0340777
Durbin-Watson statistic = 0.813269 (P=0.0019)
Lag 1 residual autocorrelation = 0.429124

Y =3.14957 - 0.665525*X (6.60)

Budc 3. Xac dinh chinh x4c ba tham s6 m, b va ¢ ciia Korf (Ham 6.57) bang
hoéi quy phi tuyén tinh. Dé dat myc dich nay, truéc hét vao duong dan: Improve >
Regression Analysis > Multiple Factor > Nonlinear Regression. Pén day xuat hién
mot ctra s6 nhu Hinh 6.10. Tai cira s6 ndy, chuyén M vao Dependent Variable. Sau
d6 ghi ham Korf (6.57) vao 6 Function. Luu ¥ rang cac ki tu biéu dién cac tham sb
cia ham Korf & 6 Function phai khac véi cac ki ty & ddu cic cot cia bang tinh ¢
Hinh 6.8. O vi dy ndy, bdi vi ki tu ¢ dau cot 2 1a M, nén ham Korf duoc viét 1a
K*exp(-b*A”-c). Ké dén chon OK. Pén day xuat hién mot cira so; trong d6 yéu cau
cho biét ba tham s m, b va ¢ ban dau (Initial Parameter Estimates) ciia ham Korf. 0
day thay tham s6 m ban dau Ia K = 2000, con tham s6 b va ¢ tuong ing la 23,32603
va 0,66552 (Hinh 6.10). Sau d6 chon OK dé nhan két qua ctia ham hoi quy (Bang
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6.19; Hinh 6.11). Cac tham s6 ctia ham udc luong co thé duoc xac dinh theo
phuong phap cua Marquardt, Gauss — Newton va Steepest Descent. Trong vi du
nay, cac tham sé ciia ham Korf duoc xac dinh theo phuong phap phan tich hdi quy
phi tuyén tinh cua Marquardt. Két qua bao cao nhirng thong ké sau day: (a) Két qua
uoc lugng; trong do bao gom cac tham sd cua ham, sai s6 va khoang tin c@y cua cac
tham sd; (b) Bang phan tich ANOVA; (c) Hé s6 x4c dinh (R-Squared); (d) Phan tich
cac sai 1éch (Residual Analysis); (¢) Ham hdi quy.
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Hinh 6.10. Gia dinh ba tham s6 m, b va ¢ ban dau ctia ham Korf.

Bang 6.19. Két qua xay dyng ham udc lugng trir lugng gd cua rumg Thong (Pinus
sylvestris) 140 tuoi bang ham Korf.
Estimation Results

Asymptotic  95.0%
Asymptotic Confidence Interval
Parameter Estimate Standard Error Lower Upper
k 1505.22 175.233 1119.53 1890.9
b 49.7126 17.4704 11.2604 88.1648
c 0.90022 0.108695 0.660987 1.13946
Analysis of Variance

Source Sum of Squares

Df Mean Square

Model 4.3461E6 3 1.4487E6
Residual 2923.16 11 265.741
Total 4.34903E6 14

Total 1.03158E6 13

(Corr.)

R-Squared = 99.7166 percent
R-Squared (adjusted for d.f.) = 99.6651 percent
Standard Error of Est. = 16.3016
Residual Analysis
Estimation Validation
n 14
MSE 265.741
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MAE 13.0004
MAPE 10.7093

ME  2.01791
MPE  7.84303
= .
*
3

aco

Iﬁ“‘.’ﬂ.‘ e

-l i ma

Hinh 6.11. Két qua cua ham udce lugng trir luong gd cua rumg Théng (Pinus
sylvestris) 140 tudi bang ham Korf.

6.6.2. Phuwong phap phén tich hdi quy Ridge

Hién nay nhiéu phan mém théng ké cung cip nhitng phwong phap khac nhau
trong phan tich hoi quy Ridge. Phan nay chi gidi thiéu phuong phap phan tich hoi
quy Ridge bang phan mém théng ké STATGRAPHICS. Gia sir chung ta can xay
dung ham thé tich than cay binh quéan cua rimg trong Keo lai 10 tudi bang ham Ham
6.61 theo s6 lidu dau vao ¢ Bang 6.12.

V = by + by*A + by*A? + by*(D**H) - b,*(SI/H) (6.61)

bé xac dinh 4 tham s6 (bg, by, by, bs va by) cia Ham 6.61 bang phuong phap
phén tich hoi quy Ridge, cac budce xur Iy nhu dudi day.

Budc 1. Copy A, SI, H, D va V & Bang 6.12 va dan vao bang tinh
Statgraphics (Hinh 6.12).

Budc 2. Vao duong d?ln:,Improve > Regression Analysis > Multiple Factor >
Ridge Regression. Bén day xuat hién mot cira s6 nhu Hinh 6.13. Tai cua s nay,
chuyén V vao Dependent Variable va chuyén A, ’AZ, (D**H) va (SI/H) vao
Indepenglent Variablres. Sa}u dé chon OK dé nhan két qua cia ham V dugc ude
lurong bang phuong phap hoi quy Ridge (Hinh 6.14 va Bang 6.20).
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Hinh 6.12. S6 ligu dau vao dé xdy dung ham thé tich than cdy Keo
lai bang k¥ thuat hoi quy Ridge.

Ridge Regreszion Sa—

g Dependent Variable
= ="
e
Independent Variables:
[ ] A2 n
(S1/H)
(Swinct:)
l
(Weights: )

¥V Sount coburan names l_l:I I
[ ok | Cancel | Delate | Teanstorm .. | Help |

Hinh 6.13. X4y dung ham thé tich bang hdi quy Ridge.

B T B N I

Hinh 6.14. Két qua phan tich ham thé tich bang hdi quy Ridge.
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Két qua ciia md hinh ¢ budc 2 (Bang 6.20) tuong tng véi tham sé Ridge hay
Lambda = 0 (Model Results for Ridge Parameter = 0.0). Khi Lambda = 0, thi mo
hinh dugc giai theo phucmg phap binh phuong nho nhat thong thuong. Két qua
nhan dugc mo h|nh véi céc hé sé hdi quy khéng tréch. Khi gia tri Lambda cang gan
Zero, thi cac hé sé cua mé hinh cang khdng tréch. Tuy vay, khi cac bién X; c6 hién
tuong cong tuyén tinh, thi cac hé sé hdi quy c6 bién dong Ion va két qua dy doan Y
theo cac X; s& bj sai léch 16n. Vi thé, dé xay dung mé hinh du doan it sai 1éch hon,
ching ta can phai st dung Hdi quy Ridge.

Bang 6.20. Két qua xdy dung ham uéc lugng thé tich than cdy binh quén cua ring

trong Keo lai 10 tudi bang hdi quy Ridge véi tham sb diéu chinh bang 0.
Model Results for Ridge Parameter = 0.0

Parameter Estimate Variance Inflation Factor
CONSTANT -0.0026589
A 0.000534146 149.286
A2 -0.0000338292 97.1655
(D"2*H)  0.000040336 2.67289
(SI/H)  0.000496625 10.7876

R-Squared = 99.9937 percent
R-Squared (adjusted for d.f.) = 99.9925 percent
Standard Error of Est. = 0.000768127
Mean absolute error = 0.000511543
Residual Analysis
Estimation Validation
n 27
MSE 5.90019E-7
MAE 0.00051154
MAPE  0.653558
ME 4.385E-17
MPE -0.0276901

Cac hé s cua X; duoc xac dinh bang hoéi quy Ridge s& bi tréch, nhung ching
lai ¢6 bién dong nho. Tham sé Lambda kiém soat do léch cua cac hé sé hoi quy. N6
nhan gié tri tir 0 dén 0,1 (Mic dinh Lambda = 0). Khi gia tri Lambda cang gan Zero,
thi cac hé s cua md hinh cang khong tréch. Khi gia tri Lambda cang gan 0,1, thi
cac hé sb cia md hinh cang tréch. Vi thé, dé 1am giam d¢ tréch cua cac hé sé hoi
quy, ching ta can phai xac dinh tham s6 Lamda thich hop.

Budc 3. Xéac dinh tham s Lamda thich hop. Dé tim tham sé Lambda thich
hop, ngudi ta dya vao 2 dau hiéu. Mot 1a bién dong cua céc hé sb hdi quy chuan hoa
Xi (Standardized Regression Coefficients). Hai 1a yéu té khuyéch dai phuong sai
(Variance Inflation Factors = VIF). Khi tham s6 Lambda thay d6i tir 0 dén 0,1, thi
cac hé sd cua X; ciing thay doi. Thong thudng, cac hé s6 cua X thay doi rat 16n ¢
gan gié tri Lambda hay Ridge Parameter = 0; sau d6 chung thay d6i rat nho (Hinh
6.15).
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Khi tham s Lambda bang Zero, thi két qua nhan duoc mé hinh hoi quy
khong chuan hda. Yéu té khuyéch dai phuong sai so sanh bién dong cua cac hé sb
hdi quy chuan héa va hé sb hdi quy khdng chuan héa (Md hinh véi cac bién doc lap
khong c6 quan hé véi nhau). Khi VIF >> 1, thi bién dong caa cac hé sé hoi quy
chuan héa 16n hon so vé6i cac hé sb hdi quy khodng chuan héa. Khi VIF << 1, thi
bién dong cua cac hé s6 hdi quy chuan héa nhé hon so véi cac hé s6 hdi quy khdng
chuan héa. Khi VIF = 1, thi bién dong cua céac hé sé hdi quy chuan hoéa va cac hé sb
hoi quy khong chuan héa 1a bang nhau. Vi thé, can cir dé xac dinh tham sé Lambda
thich hop 1a VIF = 1. Tém lai, néu can ctr vao bién dong cua cac hé sé hdi quy X;
(Ridge Trace), thi tham s6 Lamda thich hop 1a gia tri Lambda nhé nhit twong tGng
Vi cac hé sé hoi quy 6n dinh (Hinh 6.15).

Variance Inflation Factors for V

150 F———— F—/———F———F T T

; \ Variable |

120 || —A ]

{11 A2 |

29 90 [ (DA 2%H) ‘
> 60 ' | (SI/H) "
30 | |

’ 1

0 0.02 0.04 006 008 0.1

Ridge parameter
Hinh 6.15. D6 thi biéu dién yét t6 khuyéch dai phuong sai.

Néu cin cir vao VIF, thi tham s6 Lamda thich hop twong ung véi VIF gan
bang 1. Theo quy tic nay, tr Hinh 6.15 cho théy, tham sd diéu chinh (Ridge
Parameter) thich hop 1a 0,1. Pé nhan duoc ham thé tich bang hdi quy Ridge, tai cura
s0 6 Hinh 6.14, nhan con tro chudt phai va chon Analysis Option. Tai day xuat hién
mot cira s6 nhu Hinh 6.16. Néu chon OK, chung ta nhan dugc ham V gidng nhu
phan tich hoi quy BFNN (Bang 6.20). Pé nhan duoc ham thé tich bang hoi quy
Ridge, ching ta thay tham s0 diéu chinh (Ridge Parameter) 1a 0,1 (Hinh 6.16). bé
biét vai trd cua ting bién giai thich, chon cac hé s hdi quy chuan hoa (Standardized
Regression Coefficients) trong Tables & goc trén bén trai ¢ Hinh 6.14 (Hinh 6.17).
Sau d6 chon OK dé nhan duoc ham V bang hoi quy Ridge v6i tham sé diéu chinh
thich hop (Bang 6.21).

6.6.3. Thao luan vé phan tich hdi quy phi tuyén tinh va hdi quy Ridge
6.6.3.1. Phan tich hoi quy phi tuyén tinh

Khi phan tich ho6i quy bang phuong phap hdi quy phi tuyén tinh, thi s6 luong
cac budc xac dinh ham hoi quy phu hop phu thudc vao nhitng tham s6 dugc gia
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dinh ban dau. O vi ‘du trén day, khi cho tham s6 m = 2000, b = 23,32603 yé c=
0,66552, thi ham hoi quy phu hop dugc xac dinh sau 55 bude. Trai lai, néu cho
tham s6 m = 900, b = 20 va ¢ = 0.5, thi ham ho61 quy phu hop dugc xac dinh sau 71

budc.
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Hinh 6.16. Piéu chinh tham s thich Hinh 6.17. Xac dinh céc hé s6 hdi
hop trong hoi quy Ridge. quy chuan hoa trong hoi quy Ridge.

Bang 6.21. Két qua xay dyng ham udc luong thé tich than cay binh quan cua rung
trong Keo lai 10 tu6i bang hoéi quy Ridge véi tham s6 di€u chinh bang 0,1.
Model Results for Ridge Parameter = 0.1.

Parameter Estimate Variance Inflation Factor
CONSTANT  0.0016734

A 0.00234954 0.555353

A”2 0.000188854 0.939883

(D~2*H) 0.00003234 1.49291

(SI/H) -0.00179547 1.39849

R-Squared = 91.9773 percent
R-Squared (adjusted for d.f.) = 90.5187 percent
Standard Error of Est. =0.0118198
Mean absolute error = 0.00777656
Residual Analysis
Estimation
n 27
MSE 0.000139707
MAE 0.00777656
MAPE 9.77946
ME 3.46945E-17
MPE -4.76243

Validation

Néu gia dinh nhiing tham s6 ban dau khong phu hop, thi chuong trinh bao 15i
O két qua dau ra. B¢ tranh tinh trang nay, cac tham so ban dau ctuia ham hoi quy phi
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tuyén tinh dugc xac dinh gan dung bang hoi quy tuyen tinh. Phuong phap nay gitp
han ché nhirng kho khan trong lic chon cac tham s6 ban dau Khi thyc hién nhiéu
phan tich hdi quy c6 dang twong tu nhu nhau, thi cdc tham s6 ban dau cé thé dugc
x4c dinh dé dang.

Hinh thai cta ham hdi quy pht hop phu thudc vao nhitng tham sb duogc gia
dinh ban dau. Khi gia dinh nhitng tham s ban dau khéac nhau, thi cac tham sb cua
ham hdi quy phi hop ciing khac nhau. Tuy véy, nhitng thong tin vé sai léch cta cac
ham hdi quy (R? Bias, SSE, SEE, MAE, MAPE) thay d6i khong lén. Boi vi
phuong phap phén tich hoi quy phi tuyén tinh dya trén nguyén ly SSEwmin, nén cac
ham hoi quy nay déu cho két qua udc luong va du doan bién phu thudc twong tu
nhau.

So voi phuong phap phan tich hdi quy tuyén tinh, phwong phap phén tich hoi

qu %/phl tuyén tinh cung cdp day du hon vé nhitng sai 1éch thuc cua cac ham hdi quy

Bias, SSE, SEE, MAE, MAPE). Diéu d6 khong chi cho phép giam bét cac

bu:('rc tinh todn, ma con dé dang so sanh muc do phu hop ciia cic ham ma bién phy
thudc va cac bién doc 1ap & dang khac nhau (Y, LnY...; X, LnX...).

Vé 1y thuyét, khi phan tich hdi quy phi tuyén tinh, thi mot s6 tham s cua
ham hdi quy c6 thé duoc cb dinh. Theo phuong phap nay, ham hdi quy thich hop
nhan dugc nhitng tham s va nhiing sai 1éch khac v6i phuong phap thay doi tat ca
cac tham s6 ban dau. Pé ching minh nhan dinh nay, Bang 6.22 ghi lai két qua xay
dung ham uéc luong trir lwgng gd cua ring Thong (Pinus sylvestris) 140 tudi bang
ham Korf theo hai k¥ thuat xur 1y khac nhau. Truong hop thi nhat 13 gia dinh ba
tham s6 ban dau cung thay d6i; trong d6 m = 2000, b = 20 va ¢ = 0,5. Truong hop
thir hai 12 ¢6 dinh m = 2000, thay d6i b va c. Him Korf & truong hop thir 2 ¢6 dang
M = 2000*exp(-b*A”-c); trong d6 gia dinh tham s ban dau 1a b =20 va c=0,5. Tur
s6 liéu & Bang 6.22 cho thay, cac tham s6 m, b va ¢ cta hai truong hop nay khéc
nhau 10 rét. Gia tr1 SEE, MSE va MAE cua truong hop 2 tuong ing 16n hon 10,4%,
22,2% va 13,9% so vai truong hop 1. Trai lai, gia tri MAPE, Bias va Bias(%) cta
truong hop 2 twong ing nhé hon 28,8%, 85,3% va 50,3% so vdi truong hop 1. Theo
nguyén 1y SSEwin, phuong phap cung thay doi ba tham sé ban dau cho két qua tot
hon.

6.6.3.2. Phdn tich héi quy Ridge

Phuong phap héi quy Ridge khong chi cho phép tao ra ham hoi quy véi cac
tham s6 c6 bién dong nho, ma no6 con gitp chung ta xac dinh r6 khuynh huéng cua
mdi quan hé giira bién phan hdi véi cac bién giai thich. Vi thé, khi can dy doan
nhimg bién phan hdi theo cac bién giai thich nam ngoai gidi han cua tap sd liéu
dung dé xay dung ham h01 quy, thi phuong phap hoi quy Ridge 1a mot Iya chon tét.
Phuong phap nay ciing rat hiru ich trong truong hop phan tich vai tro cua cac bién
giai thich trong cic ham phan hoi. Neu xay dung ham phan hoi bang ky thuat
BENN va cin cr vao déu cua cac hé sé hdi quy, thi ching ta s& giai thich sai vai tro
clia cac bién giai thich. Chang han: O vi du trén, vé 1y thuyét, V than cdy binh quan
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clia rimg trong Keo lai suy giam theo sy suy giam cua chi s6 SI. Thé nhung, bang
phuong phap BFNN, két qua lai nhan dugc hé sb cua bién (SI/H) mang gia tri
duong. Piéu nay dan dén giai thich sai két qua. Trong phan tich hoi quy Ridge, dau
cua cac bién giai thich phu thudc vao tham sé diéu chinh. Néu tham sb diéu chinh
cang gan Zero, thi két qua phan tich hdi quy cang giéng v6i phuwong phap BENN.
Vi thé, khi xay dung ham phan hoi bang phuong phap ho6i quy Ridge, chiing ta can
phai do tim tham s6 diéu chinh thich hop. O vi duy trén, V than cay binh quan cua
rimg trong Keo lai suy giam theo su suy giam cua chi s6 SL. Két qua cua hoi quy
Ridge cho phép giai thich diing mdi quan hé giita V véi chi sb SL

Bang 6.22. Két qua xay dung ham udc lugng trir lugng gd cua rumg Thong (Pinus
sylvestris) 140 tu6i bang ham Korf.

Tham s6 va sai léch  Thay ddim,bvac (1) Thaydoibvac(2) Ty1é (%)

(1) (2) (3) (2)/(1)
m 1505,05 2000
b -49,7205 -27,9103

-0,9003 -0,7065

SEE 16,3 18,0 10,4
MSE 265,7 324,8 22,2
MAE 13,0 14,8 13,9
MAPE 10,7 7,6 -28,8
Bias 2,0 0,3 -85,3
Bias(%) 7,8 3,9 -50,3
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Chwong 7
PANH GIA LAP PIA RUNG BANG CHI SO

7.1. Tinh hinh chung

Mot trong nhirng nhiém vu caa 1am hoc 1a tim kiém phuong phap xac dinh
su khac biét gitra cac diéu kién moi trudng cua cac QXTV va kiéu ring khéac nhau.
Mot s6 méi trudng gilp cho ring sinh truéng tt. Tréi lai, mot sé6 moi truong lai
kim him sinh truéng cua rirng. Su khac biét nay c6 thé 1a do nhiéu yéu té khac nhau
nhu khi hau, dia hinh, dat, phuong thirc 1am sinh. Nhitng khac biét nay duoc phan
anh thong qua sy khéac biét vé két cau loai cay go, tang truong va san lugng ring.
Du bao tang trudng va san luong rung doi hoi danh gia chinh xac sy khac biét gitia
cac diéu kién moi trudng va giira cac phuong thire 14m sinh. Udc lwong sai nhitng
diéu kién méi trudng cé thé dan dén su sai léch vé& uéc luong ting truong va san
lugng rirng va nhitng dac tinh khac caa rung.

Lap dia ring (Forest Site) 12 tong hop nhiing diéu kién séng (khi hau, dia
hinh, dat, sinh vat, phuong thirc 1am sinh) ctia rimg & mot khu vuc nhat dinh. Ty
theo tac dong cta diéu kién moi truong, cdy gb va rimg sé c¢6 nhitng phan tng khac
nhau. Boi vi 1ap dia bao gé)m rat nhiéu nhan t6 va khé do dac, nén 1am hoc sir dung
phan hoi cua cdy gd va rimg dé danh gia chat luong lap dia. Theo quan diém cua
1am hoc, tinh trang séng cta tham thuc vat rung 13 ddu hiéu téng hop dé do phan
g ctia cdy gd va rumg véi su thay doi cta diéu kién mai truong. Tinh trang séng
ctua tham thuc vat rimg phan 4nh rd nhat thong qua san luong gd hodc tong sinh
khéi. Tuy vay, ca hai dic tinh ndy 1a nhitng dic tinh kho do dac chinh xac tai ring.
Vi thé, viéc tim kiém nhitng chi tiéu thay thé cho san luong g la can thiét. Chiéu
cao cua quan thu thuan loai dong tudi co quan hé chat ché véi san lugng gd. Chiéu
cao la chi tiéu dé do dac. Do dé, tir ham uéc luong san luong gd dua theo H, ching
ta c6 thé wdc luong duoc san lwong go.

Chat lugng lap dia c6 thé dugc xac dinh bang hai phuong phap. Mot la
phuong phap st dung diéu kién dia Iy 1a trung tam. Hai 1a phuong phap sir dung
tham thuc vat 1a trung tm. Phuong phap thir nhat gia dinh san luong g phu thudc
vao cac diéu kién khi hau, dia hinh va dat. Phuong phap nay st dung d6 am dat,
trang thai chat khoang cua dét va biic xa hoat tinh quang hop 12 s6 do truc tiép, con
s6 do gian tiép 1a dang khi hau, dang dat va chi sb tham thyc vat. Trai lai, phuong
phap dua vao tham thuc vat gia dinh rang san luong go la phan hoi cua rung dbi voi
diéu kién 1ap dia. Phuong phap nay su dung nang suat cua lap dia 1a s6 do truc tiép
vaH qUan thu 12 s6 do gian tlep NG6i chung, nhitng s6 do truc tlep ¢ ca hai phuong
phép ké trén Ia nhing s6 do rat khé xac dinh. Trai lai, nhitng s6 do gian tiép co thé
duoc xac dinh kha dé dang & ngoai troi.
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Phuong phap danh gia chit lwong lap dia cd thé dugc phan chia thanh
phuong phap dinh lugng va phuong phap dinh tinh. Phuong phap dinh tinh danh gia
nang suat lap dia dya trén nhiing s6 do tinh trang moi truong dién bién theo thoi
gian. Trai lai, phwong phap dinh lugng danh gia ning suat lap dia dva trén nhiing So
do san luong ring & thoi diém hién tai. Phuong phap dinh luong danh gia nang suat
Iap dia dya trén nhing bién lién tuc (H quan thu), nhung chiing 13 nhitng sé do thyuc
va c6 thé duogc ghép thanh Cap lap dia. Tuy vay, phuong phap nay lai kho ap dung
dbi vai rieng hon loai khéc tudi.

7.2. Phuwong phap danh gia chat lwong lap dia rirng
7.2.1. Chét lwong cuaa lap dia rirng

Chat lugng cua lap dia rimg phan anh kha ning sinh truéng cua rimg hodc
kha ning tao ra san luong ring. Vi thé, chat lwong lap dia con duoc goi 1a san lwong
cua Iép dia. Thong thudng, 1am hoc danh gia chét luong lap dia thdng qua san lwong
gd ma rang tao ra o nhirng tuél nao dé. Chat luong lap dia rung co6 thé dugc xéac
dinh theo tiét dién ngang (G, m*/ha), trit lvong gb (M, m /ha) chiéu cao trung binh
(Hgg, M), chiéu cao trung binh cua nhimng cay vu thé va dong uu thé (Hp m)...Trong
IaNm hoc, n%u:ol ta con dya vao luong tang truong trung binh nam d6i véi trit luong
gd (AM, m*/ha/nam) dé danh gia ning suat cta lap dija. Khi AM nho hon mot gia tri
gidi han dudi ndo do, thi lap dia khong tao ra nang suat cao.

Cac dai luong G, M va Hg, cua rung c6 thé thay d6i theo tudi va nhirng hoat
dong 1am sinh (tia thua, khai thac, bon phan), chay, x6i mon dat...Vi thé, néu tinh
theo nhitng dai lugng khac nhau, thi chat luong 1ap dia cling khac nhau. San luong
ctia mot loai cay gd thay doi theo 1ap dia. Trén cung mot lap dia, san luong cua loai
cay gd nay khac véi san luong cua loai cay g khac. Vi thé, chat lwong cua lap dia
riung duoc danh gia theo loai cay go.

7.2.2. Chi sb lap dia rirng
7.2.2.1. Khdi niém vé chi sé \@p dia rirng

Chat luong lap dia ring duoc biéu dién bang mot chi sé goi 1a chi sb lap dia
rimg (Forest Site Index = Sl). Chi s0 SI dugc cac nha 1dm hoc sir dung dé xéc dinh
nang sut tuong doi hay nang suat tlem nang cia mot 1ap dia nhat dinh. D6 1a kha
nang cua Mot vung dat dé loai Cay g6 sinh truong. S6 do ‘nay dugC su dung dé md ta
diéu kién sinh truong cua ring trong thuan loai dong tudi. Chi sé Sl phan anh nang
suat cua loai cay, phuong thirc 1am sinh, diéu kién moi truong quéa khir va nang suat
rung tuong lai.

Chi s SI phu thudc vao lodi cay gb. Pidu d6 co nghia 1a chi s6 SI duoc xac
dinh cho ting loai cay gd. Trén cung mét lap dia, chi s6 SI cua loai cay gd nay khac
vé6i chi s6 SI cua loai cay gb khac. Chi s6 SI ¢ mét sb giéi han. (a) Chi s6 Sl phu
thudc vao nhiing yéu t6 anh huong dén ting truong (mat do, phuong thirc 14m sinh,
ché do quan ly, sdu bénh, dac tinh di truyén, nguon goc rung (hat, chdi)); (b) Chi sb
SI khdng thé st dung cho rirng khac tudi, ring bi pha, nhitng loai cay khdng thé
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hién & vong nim; (c) Ham chi s6 SI va duodng cong chi sé S| phu thudc vao
phuong phap chon ham sinh truéng; (d) Khi xay dung dudng cong chi sé Sl, viéc
ngoai suy lap dia va tudi cd thé mac sai s6 16n; (e) Chi sé SI phu thudc vao pham vi
khong gian xay dung chi s6 SI va phuong phap xay dung ham sinh truong; (f) Sai
s6 do dac san luong rimg; (g) S6 luong tudi duge do dac san lwong ring...

7.2.2.2. Nhitng chi tiéu do chi sé |dp dia rirng

Chi s6 Sl ¢c6 thé dugc xac dinh dwa theo mébi quan hé H = f(A), H = f(D), AD
= f(D), AG = f(G), AM = f(M); trong d6 phuwong phap dya vao mdi quan hé giira H
v6i tudi rimg 12 thong dung nhit. Trong 14m hoc, chi s6 SI dugc xac dinh theo chiéu
cao trung binh cua nhirng cay vu thé va dong wu thé (Hp, m) cua mot loai cay gb
nhét dinh & tudi co sO (Ao, nam) trén lap dia quan tam. Dai luong Hp con duge goi
1a chiéu cao cdy tang troi. Nhimg céy uu thé 1a nhiing cay khoe manh nhit va co
chét luong di truyén tot nhat. Tan I4 cta ching phat trién vuot 18n trén nhitng cay
khac, dinh tan 14 va xung quanh tan 14 déu duoc hap thu anh sang hoan toan. Nhirng
cay déng vu thé 1a nhiing cay khoe manh va c6 chat lugng di truyén tét. Chung phat
trién kém hon so véi cay wu thé va chi dinh tan 14 dugc hap thu anh sang hoan toan.
NGi chung, hai nhém cay nay la nhitng cay to 16n nhat trong quan thu. Su sdng cta
chung phu thudc vao chat lugng 1ap dia. Chiing c6 san luong gd 16n nhit va chét
lugng gb tot nhat. Vi thé, trong tia thua rimg, nhitng cy uu thé va dong vu thé dugc
giit lai tiép tuc nudi dudng cho dén ky thu hoach chinh.

Tudi co so duoc chon tly thudc vao chu ky sdng cua rimg hoac chu ky kinh
doanh rimg. Thong thudng tudi co sé dugc chon & thoi diém ma tai d6 sinh truéng
H cua cay g va quan thu khdng phu thudc vao mat do. Tudi co sé c6 thé dugc chon
tuong ng vaéi chu ky kinh doanh hoac sau khi AMy.y (Trousdell va ctv., 1974;
Teshome va ctv., 2000). Tudi co sé ciing co thé dugc chon ¢ thoi diém ma chiéu
cao cua nhitng tudi khac duoc du doan tir ham chi s6 Sl tai tudi co s¢ Vi sai léch
nho nhat (Onyekwelu, J.C., 2003).

S¢ di st dung nhitng cay vu thé va ddng vu thé dé xdy dung chi sd SI 1a vi:
(a) Strc sinh trudng cua chung phu thudc chii yéu vao dic tinh di truyén va chat
luong lap dia; (b) Chiéu cao cua chung (Hp, m) c6 quan hé chit ché véi M quan thu
va it phu thuéc vao mat do (N, cay/ha); (c¢) Khi tia thua ring, ching dugc gitt lai
tiép tuc nuodi dudng cho dén ky thu hoach chinh (Larsen, 1999).

Trudc day chi s6 SI duge xac dinh tir H trung binh cia 100 cay uvu thé va
ddng vu thé hoic 100 cdy c6 D 16n nhit trong quan thy. Chi sé Sl ciing duoc Xac
dinh tir 20% sb cay co H tir 16n nhat tro xubng. Phuong phap dau c6 nhugc diém la
khong thich hop véi nhiing loai cay gd c6 mat do thua (N < 200 cay/ha). Phuong
phap sau c6 nhugc diém 1a sé lugng céy phai do dém rét cao & rimg c6 mat do cao
hodc qua it ¢ rung c6 mat do thap O MY, chi s6 SI duoc xéac dinh tir H caa 5 - 10
cay c6 D Ion nhat trén dién tich 6 mau 100 m® D& xuit nay dwa trén co so: (a)
Nhitng cay wu thé va dong wu thé phan bd khong dong déu trén miat dat; (b) Nhing
cay ¢ H 16n nhét ciing c6 D 16n nhat; (¢) Chiéu cao trung binh cta 5 — 10 cay nay
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c6 quan hé chit ché véi trit lwgng quén thy; (d) SO cdy it 1am giam dang ké chi phi
diéu tra rung.

7.2.2.3. Nhitng phwong phdp xdc dinh chi sé \Gp dia rieng

Chi sé lap dia rimg duoc xac dinh theo 3 phwong phép khac nhau
(Monserud, 1984; Larsen, 1999). Mét 1a phuong phap dudng cong chi s SI trung
binh cta quan thy. Phuong phap nay duoc str dung tir nhitng nam 1940 trg vé trudc.
Theo phuong phap nay, truéc hét xac dinh Hp (M) tai tudi co sé (Ag). Ké dén vé do
thi biéu dién quan hé Hp = f(Ao). Sau d6 nin dudng cong Hp = f(A,) dé nhan duoc
duong cong chi s6 SI. Phuong phap nay c6 uvu diém 13 don gian, d& tinh toan.
Nhuoc diém cta phuong phap nay la do chinh xac phu thudc vao chu quan cua con
ngudi va két qua khong duoc kiém ching bang nhitng tiéu chudn thong ke.

Hai l1a phuong phap do dac Hp cua riing ¢ nhirng tu01 va moi truong khac
nhau. Sau d6 xay dung ham Hp = f(A) dé phan chia cac chi s6 SL Phuong phép nay
¢6 wu diém 1a don gian; két qua duoc kiém chimg bang nhing tiéu chuan thong ké;
chi phi thap vé thoi gian, nhan luc va kinh phi. Nhuoc diém ciia phuong phap nay 1a
dd chinh xac phu thudce vao dung cu do dac Hp va kho &p dung cho nhiing quﬁn thu
khong ¢ nhiéu cap A.

Ba 13 phuong phép giai tich than cay wu thé va dong wu thé ¢ nhitng méi
truong khac nhau va l1am phi hop duong cong chi sé Sl theo cay giai tich. Phuong
phap nay ra doi vao nhimg nam 1980 va ton tai cho dén ngay nay. Phuong phap nay
¢6 uu diém 1a Hp duoc do dac chinh xac va két qua duogc kiém ching béng nhirng
tiéu chuan théng ké. Nhuoc diém cta phuong phap nay 1a phirc tap va chi phi cao
vé thoi gian, nhan lyc va kinh phi.

N6i chung, ham chi s6 SI khong chi phu thudc vao kiéu ting truong cua loai
cay gb va phuong phap thu thip sé liéu, ma con vao chii quan cua nha nghién cau.
Néu str dung phuong phap thu thap sb liéu khac nhau va nhitng ham khac nhau, thi
duong cong chi s6 SI ciing khac nhau. Piéu d6 khong chi dan dén giai thich két qua
khac nhau, ma con danh gia chit luong 1ap dia khac nhau.

Dé phan anh ding chat luong 1ap dia, cac ham chi s6 SI phai duoc xay dung
tir nhitng cy mau dai dién tt nhat cho quan thy ¢ lap dia quan tim. Pay 1 cong
viéc rat quan trong. Nhitng cdy miu dugc chon 14 nhimng cay sinh truong tot nhat.
Tuoi cay va quan thy duoc phan chia theo cap. Khoang céch gitta méi cap A khong
nén qué Ion, thuong 1a 2 ndm ddi véi cdy moc nhanh, 5 nam dbi vai cdy moc trung
binh va 10 nam ddi véi cay moc cham.

Néi chung, trinh tu xac dinh chi s6 SI nhu sau: (a) Déi voi mdi lodi cay, chon
it nhat 10 cay uu thé va dong uu thé cho mdi cap A trén mdi lap dia. Nhiing cay nay
phai c6 than thang, tron déu, khong bi cut ngon hay hai than, vong nam rd rang...;
(b) Giai tich va do dac chinh xac Hp (m); (¢) Xac dinh chinh xac A quan thu tai D
ngang nguc bang chat ha cay hoic khoan ting truong; (d) Sir dung Hp, A va ham
sinh truéng thich hop dé xac dinh chi s6 SI d6i véi méi truong nhat dinh; (e) Xac
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dinh chi s6 Sl trung binh tir tit ca cdy mau. Di voi mdi lodi cay gd, chi sb Sl c6 thé
duoc phan chia tir 3 — 7 cap; trong d6 moi cap chi so6 SI dugc goi 1a mot cap lap dia.

7.2.2.4. Y nghia ciia chi sé ldp dia rieng

Chi sé lap dia ring dugc sir dung trong 1am hoc, diéu tra ring, quan Iy va
kinh doanh rimg. Trong 1am hoc, chi sé SI duoc st dung dé md ta va phan loai diéu
kién moi truong, danh gid hiéu qua cua cac ky thuat lam sinh, chon lép dia dé trong
va nudi rung. Trong diéu tra rung, chi s6 SI duoc sir dung dé danh gia nang sut
rimg theo lap dia (tét, trung binh, x4u), udc luong ting trudng va xay dung biéu san
luong rung. Trong quan 1y rimg, chi s6 SI duoc sir dung dé phan chia nho rimg theo
cac don vi dé quan ly. Trong kinh doanh rimg, chi s6 SI duoc su dung dé phan tich
kha nang cung cap go cua lap dia, udc lugng chu ky kinh doanh, quy mo rimg va
dat rimg can duoc xt ly, tudi khai thac ring va san lwong gd thu hoach tir nhimng
quan thu khac nhau.

7.2.3. Phwong phap xdy dung biéu chi sé lap dia rirng

) Phan nay gidi thiéu phuong phap xay dung biéu chi sO lap dia rung dya trén
doi tugong la ring Tram (Melaleuca cajuputi Powell). Biéu chi s6 Sl va duong cong
chi so SI dugc xay dung thong qua 6 budc.

(1) Xac dinh pham vi lap biéu chi s6 SI va thu sb liéu dé xay dyng ham chi s6 SI.
(2) Xa&y dung ham Hp = f(A) binh quén chung.

(3) Xac dinh tu01 0 6 (Ao). dé xay dyng ham va duong cong chi s6 SI.

(4) Xac dinh s6 luong céac cap chi s6 SI.

(5) Xay dung cac ham chi sb SI & gitra cac cap chi so Sl tai tudi A,.

(6) Kiém dinh kha nang tng dung cua cac ham chi so Sl.

(7) Xay dung biéu va duong cong chi sb SI.

7.2.3.1. Pham vi Igp biéu chi sé SI va sé ligu dé xay dung ham chi sé ST

Pham vi xay dung biéu chi s 1ap dja d6i v6i rimg Tram 1a toan bd khu vuc
Tay Nam Bo. S6 litu duoge thu thap tai ba tinh Long An, Kién Giang va Ca Mau.
Tong sb6 98 cay miu wu thé va dong wu thé tir 8 — 14 nam; trong d6 32 cdy & tinh
Long An, 34 cay ¢ khu vuc U Minh Thuong thudce tinh Kién Giang va 32 cay ¢ khu
vuc U Minh Ha thudc tinh Ca Mau. S6 lugng cay mau nay dugc phan phdi vao ba
cap dat tt, trung binh va xau twong tng 1a 33, 35 va 30 cay. Kha ning ung dung
ctia biéu chi s6 SI duoc kiém dinh tir 9 cdy mau khong tham gia xay dung ham chi
s6 SI; trong d6 mdi cap lap dia 1a 3 cay.

Nhitng cay vu thé va ddng wu thé duoc chit ha ¢ vi tri cach ¢d ré 20 cm.
Théng tin thu thap trén nhitng cdy miu bao gom D, H va V. Dé dat duoc muc dich
nay, tat ca cAy mau sau khi chit ha duoc do dac D ngang nguc va H toan than bang
thugc day véi do chinh xac 0,10 cm. Ké dén phan chia than cdy mau thanh nhiing
phan doan c6 chiéu dai tir 1,0 m, riéng doan ngon con khoang 0,5 — 1,0 m. D4i V4i
mdi phan doan, do dac dudng kinh hai dau 16n va nho (Dax VA Dyin). SO liu nay 1a
co so dé tinh thé tich cac phan doan trén than cay bang cong thirc kép tiét dién binh
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quan. Sau d6 cua thot giai tich ¢ cac vi tri 0,0; 1,0; 1,3; 2,0; 3,0 (m)...va day doan
ngon. Cac thét giai tich dugc tap hop theo tirng cay giai tich; sau do ghi cha thur tu
cay va vi tri thét theo hudng vé phia ngon cay. Sau khi xir 1y, bé rong vong nim cia
cac thot duge xac dinh bang kinh lap voi d6 chinh xac 0,1 mm. S ligu cay giai tich
dugc tom tit & Bang 7.1. Phan tich sb liéu ¢ Bang 7.1 cho thay gia tri Hpgq gia ting
dan tir cdp tudi 2 (2,0 m) dén cap tudi 8 (8,0 m) Va cap tudi 14 (11,5 m). Bién d¢
blen dong cua Hp dao dong tr 2,0 m ¢ cap tudi 2 dén 6,0 m ¢ cap tudi 8 va 6,6 m &
cap tudi 10. Hé So blen dong (CV%) cua Hp c6 khuynh huéng giam dan tir cap tudi
2 (17,5%) dén cap tudi 10 (16,9%) va cap tudi 14 (13,9%). N6i chung, gia tri Hp
cua rirng Tram trong bién dong kha 16n theo diéu kién lap dia.

Bang 7.1. Bac trung thdng ké chiéu cao cua nhiing cay uu thé va dong wu thé cua
rung Tram trong tu 2 — 14 & khu vuc Tay Nam B§. Nguon: Pham Xuan Quy, 2010.
A(mam) N(cady) Hp(m) =S Homin  Homax  Homax-Homin  CV%

1) (2) ©) (4) Q) (6) () (8)
2 98 20 04 15 35 2,0 17,5
4 98 42 07 28 64 3,6 17,6
6 98 63 11 40 85 4,5 17,8
8 98 80 14 50 110 6,0 17,8
10 80 95 16 60 124 6,6 16,9
12 6 104 18 76 115 3,9 17,3
14 6 115 16 81 130 4,9 13,9

7.2.3.2. Xay dung nhieng ham chi sé ldp dia déi véi rieng Tram

Trong nghién ctru nay, ham Hoy = f(A) thich hop dugc chon ¢ dang ham
Schumacher (1939) (Ham 7.1). Bién d6i tuyén tinh ctia ham 7.1 c¢6 dang ham 7.2 —
7.5.

Hp = m*exp(-b/A"c) (7.1)
Ln(Hp) = Ln(m) - b/A”c (7.2)
bat Ln(m) = bgva b = by, chiing ta co:

Ln(Hp) = by + by/Ac (7.3)
bo = Ln(Hp) — by/A”c (7.4)
Hp = eXp(bo - bllAAC) (75)

Theo dinh nghia, chi s6 SI 1a Hp tai tudi co sé (Ao, ndm). Theo do6, tir ham
(7.3) va (7.4), xac dinh dugc ham SI = f(A) dudi dang ham (7.6) va by dudi dang
ham (7.7).

Ln(Sl) = bo + blleAC (76)
bo = Ln(S|) — bllAOAC (77)
Thay bg 6 ham (7.7) vao ham (7.3), chiing ta c6 ham 7.8 — 7.10.
Ln(Ho) = Ln(Sl) — b]_/AOAC + b]_/AAC (78)
Ln(Sl) = Ln(HD) — b]_/AOAC + b]_/AAC (79)
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Sl = exp(Ln(Hp) — by (L/A”c - 1/A"C)) (7.10)

Ham (7.10) 1a ham chi sb Sl tai tudi A, hay Hp tai tudi A

Tu sd liéu & Bang 7.1, bang phuong phap phan tich hdi quy phi tuyén theo
trong s0 cua Marquardt, xac dinh duge ham Schumacher (7.5) c6 dang nhu ham
7.11 (Hinh 7.1). Ham nay nhan hé so xéc dinh rat cao (r* = 99,84%) va sai 1éch nho
(MAPE = 3,3%). Vi the, ham 7.11 dugc sir dung d€ ude lugng Hy cua ring Tram
trong tur cap tudi 2 — 14.

Hp = exp(4,54876 — 4,77608/A"0,314926) (7.11)
r? = 99,84%; SEE = +1,12; MAE = 0,10; MAPE = 3,3%; SSE = 13,8.

Chiéu cao cay tang troi (m)

12 14
""" HO (Thye t8) ——HO (Udc luong) A (ndm)

Hinh 7.1. P4 thi biéu dién su bién d6i chiéu cao cdy tang troi theo
tudi rung Tram trong & khu vuc Tay Nam BJ.

7.2.3.3. Xdc dinh tuéi co sé dé xay dwng ham va dwong cong chi so SI

Vé ly thuyét, néu chon A, & nhitng thoi diém khéc nhau, thi sai léch du doan
Hp tai tudi A ciing khac nhau. P4i voi rimg Tram ¢ khu vyc Tdy Nam Bo, bién do
tudi dao dong tir 2 — 14 nam. Vi thé, tudi A, thich hop dugc chon trong khoang 6 -
14 nam. Tudi A, thich hop 1a thoi diém ma ham Hp tai Ay duoc st dung dé ude
luong Hp tai tudi A (ndm) voi sai léch nho nhat (SSEwin). Két qua kiém dinh sai
léch du doan Hp tir tudi 6 — 14 nam bang ham (7.11) duoc ghi lai & Bang 7.2 va
Bang 7.3. Tir s6 liéu ¢ Bang 7.3 cho thay, SSE nhan gid tri cao nhat tai tudi 6
(2,350), thap nhat ta tuol 10 (0,189). Vi thé, tudi 10 duoc chon 12 tudi co so dé
phan chia cac cap chi s6 SI ddi véi ring Tram trong ¢ khu vue Tay Nam Bo.

7.2.3.4. Xdc dinh sé lwong chi so ldp dia tai tudi co sé

~ Tursd liéu ¢ Bang 7.1 cho thay, bién do dao dong ctia Hp tai tudi 10 12 6,6 m.
Neéu phan chia Hp (6,0 m) tai A, thanh 3 cap, thi moi cap Hp 1a 2,0 m. Tai Ag = 10
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nim, Hp = 9,5 m (lam tron 10 m). Vi thé, ba chi sé SI tai Ag nhan nhiing gia tri
tuong tng 1 12,0 m d6i voi cap lap dia I; 10,0 m ddi véi cap lap dia II va 8,0 m dbi
v6i cap lap dia l11. Cac chi s6 SI ¢ ranh giéi gitra cap lap dia I va II, 1T va III twong
tmg 13 11 va 9,0 m. Tuong tu, chi s6 S| & bién d6 trén cua cap lap dia | 12 13,0 m,
con bién d6 duéi cua cap lap dia 11112 7,0 m.

Bang 7.2. Udc luong Hp cta ring Tram trong ¢ khu vuc Ty Nam Bo bang ham Sl
= f(A) khi gia dinh Ag=6 - 14 nam.
Gia tri uéc luong Hp (M) tai tudi Ag (ndm):

A (ndm)  Hpry(m)

6 8 10 12 14
1) (2) ©) (4) Q) (6) (1)
6 6.3 8,0 7,0 6.9 6,6 6,6
8 8,0 9,8 8,6 8,4 8,1 8,1
10 9,5 11,0 9,7 9,5 9,1 9,1
12 10,4 11,9 10,5 10,3 9,9 9,8
14 11,5 12,6 11,1 10,9 105 104

Bang 7.3. Sai léch wdc luong Hp cta ring Tram ¢ khu viuc Tay Nam Bo bang ham
= f(A) khi gia dinh Ag=6 - 14 nam
Gia tri SSE twong &ng vai tudi Ag (ndm):

A (ndam)
6 8 10 12 14
1) (2) 3) (4) () (6)
6 2,890 0,560 0,371 0,122 0,089
8 3,103 0,360 0,186 0,013 0,003
10 2,248 0,036 0,000 0,128 0,182
12 2,283 0,009 0,013 0,250 0,330
14 1,227 0,154 0,373 1,042 1,210
Trung binh 2,350 0,224 0,189 0,311 0,363

7.2.3.5. Xdy dung cdc ham chi sé lgp dia déi véi rieng Tram

Céc ham chi s SI dbi véi rimg Tram dugc chon véi d6 dbc (b,) bang nhau.
T ham 7.11 cho thay, d6 doc b, = -4,77608. Bang cach thay thé by, Ay va Hp ¢
giita va & giGi han trén cua cac cap lap dia I — III vao ham 7.10, két qua nhan duogc
cac ham chi s6 SI (Bang 7.4). O ham 7.12 — 7.18 ctia Bang 7.4, gia tri 0,48425 =
1/1070,314926.

7.2.3.6. Kiém dinh mirc dé phit hop ciia cdc ham chi s lip dia

Murc do pht hop ctia cac ham chi sb SI so vai s6 liéu thuc té co thé dugc xéac
dinh theo hai phuong phap. Phuong phap thir 1 1a so sanh bang d6 thi. Theo phuong
phap nay, néu cac dudng cong mo ta sy bién d6i Hp cua nhiing cay khong tham gia
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xay dung ham Hp = f(A) (Goi 1a cdy kiém tra) thudc mdi cap 1ap dja khong vuot ra
ngoai gidi han dudi va gidi han trén cia cép lap dia tuong tng, thi cac ham chi sb
SI 1 phu hop. Uu diém cua phuong phap d6 thi 1a don gian va dé thyc hién. Nhuoc
diém ctia phuong phap d6 thi 1a két qua khong dugc kiém chimg bang nhiing tiéu
chuén théng ké.

Bang 7.4. Cac ham chi s6 SI di véi rirng Tram trong tai khu vire Ty Nam Bo.
Cap Sl Ham chi s6 Sl tai tudi A nam:
1) (2)

lreeny SI = exp((Ln(13) - 4,77608*(1/A"0,314926 - 0,48425)))  (7.12)
| SI = exp((Ln(L2) - 4,77608*(1/A"0,314926 - 0,48425)))  (7.13)
-1 SI = exp((Ln(11) - 4,77608*(1/A0,314926 - 0,48425)))  (7.14)
I SI = exp((LN(10) - 4,77608*(1/A"0,314926 - 0,48425)))  (7.15)
-1l SI = exp((LN(9) - 4,77608*(1/A"0,314926 - 0,48425)))  (7.16)
1l SI = exp((Ln(8) - 4,77608*(1/A0,314926 - 0,48425)))  (7.17)
Mow  SI = exp((Ln(7) - 4,77608*(1/AM0,314926 - 0,48425)))  (7.18)

Phuong phap thr 2 1a phuong phap hoéi quy. Phuong phap nay so sanh diém
chan va do déc cua cac ham Hp = f(A) d6i v6i nhitng cay kiém tra va cac ham chi
s6 SI & giira cac cap chi s6 SI. Bé dat muc dich nay, trudce hét xay dung cac ham Hp
= f(A) riéng r& d6i voi nhiing cay kiém tra theo tung cap 1ap dia. Ké dén tuyén tinh
hoa cac ham uoc luong chi s6 SI ¢ gitra ba cap lap dia va cac ham uoc luong Hp
=f(A) tr nhitng cay kiém tra tuong (mg voi ba cap 1ap dia. Sau d6 ap dung phuong
phap so sanh cac duong hodi quy dé kiém dinh sy thuan nhat vé diém chin va do doc
cua cac ham nay. Gia dinh Hy": Khong c6 khac biét vé diém chan va do doc cua ba
ham chi s6 SI v&i ba ham Hp = f(A) d6i véi nhitng cay kiém tra. Gia dinh nay duoc
kiém dinh bang théng ké F & muic ¥ nghia o = 0,05. Néu P < 0,05, thi gia thuyét bi
bac bo. Trai lai, néu P > 0,05, thi gia thuyét duoc cép nhan.

S liéu cua nhimng ciy me:lu, tham gia xay dung cac ham chi s SI theo ba cip
1ap dia duoc dan ra ¢ Bang 7.1. S0 liéu Hp cua 9 cay mau khong tham gia xay dung
ham chi s6 SI dugc ghi lai & Bang 7.5; trong d6 moi cap 1ap dia 1a 3 cay.

Theo phuong phap d6 thi (Hinh 7.2) cho thay, dudng cong chleu cao cua
nhitng cay kiém tra déu nam trong gioi han dudi va gioi han trén cua ba cap chi 6
lap dia. Theo phuong phap hoéi quy (Bang 7.6) cho thiy, diém chan cua ba ham chi
s6 SI va ba ham Hp = f(A) ¢ nhimng cay kiém tra ¢ su khac biét rd rét (P < 0,01).
Trai lai, d6 déc cua ching khdng c6 su khac biét rd rét (P = 0,3649 dbi véi cap lap
dia I; P = 0,1840 d6i vai cap lap dia IT va P = 0,5386 d6i vai cap lap dia III). Piéu
d6 chang to cac ham chi s6 SI (Ham 7.12 - 7.18) 1a nhitng ham thich hop dé xay
dung biéu lap dia va duong cong chi sb lap dia dbi véi ring Tram trong tir 2 — 14
tudi ¢ khu vuc Tay Nam Bo.
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Bang 7.5. Dic trung chiéq cao cua nhirng cay uu thé va dong vu thé khong tham gia
xay dung ham chi s6 SI d61 vdi riung Tram trong & khu vuc Tay Nam BJ.
(a) Cép lap dia I.

A (ném) N (Cé.y) HD (m) +S HDMin HDMax CV%

1) (2) 3) (4) ®) (6) (7)

2 3 2,4 2,4 2,5 006 24
4 3 5,3 5,3 5,4 006 1,1
6 3 7,7 7,6 7,8 010 1,3
8 3 9,2 9,1 9,4 015 17
10 3 114 11,3 116 015 1,3
12 3 130 129 132 015 1.2
14 3 147 145 149 021 1,4
(b) Cap lap dia Il.

A (ném) N (Céy) HD (m) +S HDMin HDMax CV%
1) 2 ©3) (4) (5) (6) (M

2 3 2,1 2,0 2,1 0,06 2,8
4 3 4,4 4,3 4,5 0,12 2,6
6 3 6,5 6,3 6,6 0,15 2,4
8 3 8,2 7,9 8,3 0,23 2,8
10 3 9,6 9,3 9,8 0,26 2,8
12 3 10,9 10,5 11,2 0,36 3,3
14 3 12,2 11,9 12,4 0,29 2,4

(c) Cép lap dia I11.
A (ném) N (Cé.y) HD (m) +S HDMin HDMax CV%

1) (2) 3) (4) ®) (6) ()

2 3 1,7 1,6 1,7 0,06 3,5
4 3 3,6 3,5 3,6 0,06 1,6
6 3 51 50 5,2 0,12 2,3
8 3 6,5 6,4 6,6 0,10 1,5
10 3 7,7 7,5 7,8 0,15 2,0
12 3 8,7 8,9 8,8 0,17 2,0
14 3 9,8 9,6 9,9 0,15 1,6
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Chiéu cao Hp (m) Chi sb SI

I8 -
16 1 | Cép chisdSI=1
14 1 1 ,
s L Cap chiso Sl =1l
0 - L Cap chi s6 SI=1lI
8 -
6 .
4 -
2
0 —_— )
2 3 4 5 6 7 8 9 10 11 12 13 14 A(ndm)

Hinh 7.2. B4 thi so sanh chiéu cao cua nhitng cay kiém tra va ba cip chi s6
SI d6i voi rieng Tram trong tir 2 — 14 tudi ¢ khu vue Tay Nam BJ.

Bang 7.6. So sanh diém chin (a) va do déc (b) cua ba ham chi s6 S| véi diém chin
(a’) va do doc (b’) cua ba ham Hp = f(A) doi voi nhiing cay mau khéng tham gia
xay dung ham chi so6 SI. M6 hinh so sanh: Ln(Hp) = a - b/A”0,3149.

Tham s6 I Cap lfllp dia: T
(1) (2) 3) (4)

a 4,7977 4,6154 4,3923

a’ 4,7730 4,5913 4,3671

P <0,01 <0,01 <0,01

b -4,7761 -4,7761 -4,7761

b’ -4,8194 -4,8024 -4,7925

P 0,3649 0,1840 0,5386

c 0,3149 0,3149 0,3149

c’ 0,3149 0,3149 0,3149

7.2.3.7. Xdy dwng biéu va cic dwong cong chi sé SI doi véi rieng Tram

_ Biéu cép lap dia (Cép chi s6 SI) va cac duong cong chi s6 SI dugc xay dung
bang cach thay the tudi caa ring Tram trong tir 2 - 14 nam vao cac ham chi so Sl
(Ham 7.12 - 7.18). Két qua dugc ghi lai ¢ Bang 7.7 va Hinh 7.3.
7.2.3.8. Po chi sé ldp dia doi véi rieng Tram

Chi s6 1ap dia cua ring Tram trong trén mdi cap lap dia la chiéu cao trung

binh cua nhitng cay vu thé va dong uu thé (Hp, m) tai tudi co s0 (Ag, nam). Tudi co
so cua rung Tram trong ¢ khu vuc Tay Nam Bg 1a 10 ndm (A = 10 nam). Chi so SI
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tai Ag = 10 ndm trén cap lap dia I 13 12 m. Diéu d6 c6 nghia 1a khi rimg Tram trdng
dat 10 tudi, thi chiéu cao trung binh ctia nhitng cay wu thé va ddng wu thé trén cap
1ap dia I 1a 12 m. Trong bao céo két qua, chi so lap dia duoc viét tat 1a SI;o = 12 m.
Khi mét do trong ban dau nhu nhau va phuong thic 1am sinh twong ty nhu nhau, thi
ning suit gd cua rimg Tram trong trén cip 1ap dia I cao hon so véi cap lap dia IT va
1.

Bang 7.7. Biéu cap 1ap dia d6i vai rieng Tram trong tai khu vye TAy Nam B9,
Chiéu cao Ho (m) cta rirng Tram trén ba cip lap dia:

A (ndm)
I (Tren) | -1l I -1l Il T (Dusi)

1) ) 3) (4) () (6) (") (8)
2 2,8 2,6 2,4 2,2 2,0 1,7 1,5
4 6,0 9,5 5,1 4,6 4,2 3,7 3,2
6 8,7 8,0 7,3 6,7 6,0 53 4,7
8 11,0 10,1 9,3 8,5 7,6 6,8 59
10 13,0 12,0 11,0 10,0 9,0 8,0 7,0
12 14,8 13,7 12,5 11,4 10,2 9,1 8,0
14 16,4 15,1 13,9 12,6 11,4 10,1 8,8

Chiéu cao (Hpm) Chi sé SI (m)

18 1

16 1

6 7 8 9 10 11 12 13 14A (nam)

(8]
(S
g
n

Hinh 7.3. Buodng cong chiéu cao cay tang troi (Hp, m) va duong
cong chi s0 SI (m) do6i voi rirng Tram tai khu vuc Tay Nam BJ.

208



Trong thuc té, khi xac dinh cép lap dia cho mgt khoanh rung nao do, trudc
hét do H cua 10 ciy uu thé va dong wu thé trong 6 mau 100 — 200 m%. S6 luong 6
mau dugc xac dinh tiry theo dién tich ctia khoanh rimg. Béi vi gitta H va D ¢6 quan
h¢ chat ch€ voi nhau, nén H cua 10 cay uu thé va déng wu thé duge chon tir nhimng
cay c6 D I6n nhat trong 6 mau. Ké dén xac dinh tudi ring thong qua ly lich rung
hoic bang cach cat than & vi tri 20 — 30 cm tir mat dét tro 1én va dém tudi. Sau d6 sur
dung Hp va A cua nhiing cay nay cung voi biéu chi sb 1ap dia (Bang 7. .7) hoac dd
thi cap 1ap dia (Hinh 7.3) dé tra cap chi s SI cho khoanh rumg trén 6 mau. Cép chi
SI 1a diém giao nhau gitta Hp va A nam. Vi du: Tai A = 8 nam va Hp = 8,5 m, thi
khoanh rung nay thude cap 1ap dia II (7,6 m < 8,5 m <9,3 m).
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Chwong 8
PHAN TiCH NHOM VA UNG DUNG TRONG LAM HQC

8.1. Khai quat vé phan tich nh6ém
8.1.1. Pinh nghia phan tich nhém

Phan tich nhoém (Grouping Analysis) 1a phan chia mét tap dit liéu thanh
nhiéu nhém dya trén cac bién phan loai dinh luong. Bién phan loai con dugc goi la
bién 1ap nhom, bién du doan, bién doc lap. Nhitng bién c6 y nghia phéan loai dugc
sit dung dé xay dung cac ham lap nhom (Discriminant, Grouping, Classification
Functions). Ham 1ap nhém tuyén tinh tong quat c6 dang nhuy Ham 8.1. O Ham 8.1,
Z® 13 ham cua nhom tha k; X;®, X,®, ..., X;® 1a bién phan loai thtr i cua ham 1ap
nhom tha k (k=1,2...); a, b, c...f1a cac hé s6 cia ham 1ap nhom.

Z% = a*X, 1+ XM + XM .+ prx (8.1)

Cé4c hé s6 cua ham 1ap nhom duoc xac dinh theo phwong phap lap nhom.
Ham lap nhom c6 thé bao gém nhiéu bién phan loai. Ham 14p nhoém t61 wu chi bao
gom mot sO bién phan loai hiru ich nhat hay khac biét rd rét nhat gitra cac nhom.

Pé md ta sy khac nhau giita cAc nhom, phuong phap phan tich nhom xay
dung cac ham 1ap nhém tuyen tinh. Ham nay do Fisher d& xuat vao nim 1936, nén
con goi 1a ham 1ap nhoém tuyén tinh Fisher. Khi chi c6 hai bién phan loai, thi ham
lap nhém tuyén tinh Fisher c6 dang phuong trinh ctia mot mat phang. Khi sé nhom
I6n hon 2, cac bién hop quy (Canonical Variables) 1a trung tim caa phép phan tich
nhom. Bién hop quy 1a su két hop tuyén tinh cua cac bién phan loai dé lam khac
nhau cuc dai giita cac s6 trung binh cua k nhém theo mot phuong nao d6. Khi c¢é k
nhom, thi s6 ham hop quy 1a k — 1. Bién hop quy tha nhat 1a su két hop tuyén tinh
cua cac bién phan loai dé mo ta sy khac nhau cuc dai giira cac s6 trung binh cua k
nhom theo phuong thtr nhat. Bién hop quy tht 2 1a sy két hop tuyén tinh cua céc
bién phan loai d¢ mé ta sy khac nhau cuc dai gitra cac sé trung binh cua k nhom
theo phuong thir 2. Bién hop quy thtr 3 1a su két hop tuyén tinh cua céc bién phan
loai dé mé ta su khac nhau cuc dai gitra cac s trung binh ctia k nhém theo phuong
thir ba vudng goc vai hai phuong 1 va 2. Bién hop quy thi k - 1 1a su két hop tuyén
tinh cua cac bién phan loai ¢é md ta su khac nhau cuc dai gitta cac sb trung binh
cua k nhdm theo mot phuong vudng goc véi cac phuong trén. MAi bién hop quy 1a
mot yéu to dé phan biét cac trung binh giira cac nhom. Bién hop quy con dugc goi
& ham phan loai hop quy (Canonical Discriminant Function). Cac ham phéan loai
hop quy c6 ba loai: (1) Cac ham phan loai hop quy chuan héa (Standardized
Canonical Discriminant Functions); (2) Cac ham phan loai hop quy chua chuan héa
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(Unstandardized Canonical Discriminant Functions); (3) Cac ham phan loai hop
quy ¢ trung tam nhém (Functions at Group Centroids).

Ham phan loai hop quy chuan hoéa duoc sir dung dé so sanh vai trd hay y
nghia cua tirng bién phan loai trong ham hop quy. Vai tro cao thip cua cac bién
phan loai dugc xac dinh theo gia trj tuyét ddi cta cac hé sb trong ham lap nhém.
Ham phan loai hop quy chua chuan héa duogc sir dung dé tinh diém sé phan loai cho
tirng truong hop. Diém sb phan loai trung binh cia cac truong hop trong mdi nhém
twong ung véi moéi ham hop quy duoc bdo cao qua ham & trung tim nhom. Céac ham
¢ trung tdm nhom dung dé so sanh sy khac nhau gitra cac nhém. Cac ham hop quy 1
va 2 duoc st dung dé xay dung d6 thi va ban d6 md ta cac nhom. Két qua phan tich
nhém cung cdp cic ham dé phan loai cac truong hop mdi vao nhitng nhém khac
nhau.

Sy thanh céng cua viéc phan loai cac nhdm phu thudc vao to hop cac bién
dugc chon dé xdy dung ham phan loai. Cac ham phan loai duoc xdy dung tir nhiéu
bién du doan cho két qua thanh cong cao hon so vdi cac ham phan loai tir it bién du
doan. Nguyén nhan 1a vi cic dic tinh ciia nhom duoc phan anh thong qua nhiéu
bién khac nhau. Tuy vay, ham phan loai bao gém nhiéu bién du doan khéng chi 1am
tang tinh phuc tap trong do dac cac bién, ma con gay ra khé khan cho viée tng dung
vao thuc té. Vi thé, xéac dinh nhiing bién dy doan hitu ich dé xay dung ham phan
loai 13 mot viéc 1am can thiét. Phuong phap chon bién ting budc (Stepwise
Method) cho phép chon nhiing bién du doan hitu ich nhat tir mot tap hop bién dy
tuyén. Cac bién du tuyén phan anh cac dic trung cua tong thé. Chung co thé dugc
chon dé xay dung ham 18p nhém. Theo phuong phap chon bién tirng buac, trudce hét
xac dinh mot bién tot nhat tir mot tap hop bién du tuyén, nghia 1a bién c6 trung binh
khac nhau nhiéu nhat giira cac nhom. Tiép theo chon nhimng bién tét khac bang cach
lan luot dua timg bién du tuyén vao phan tich. Cac bién dy tuyén dugc dua vao hay
loai ra khoi mo hinh ¢ timg bude dugc kiém dinh theo tiéu chuan Wilk’s Lambda,
tiéu chudn khoang cach binh phuong Mahalanobis (D?), tiéu chuin ty 18 F nho nhét
(Smallest F ratio) va tiéu chuan Rao’s V; trong d6 hai tiéu chuan Wilk’s Lambda va
Mahalanobis duoc sir dung nhiéu nhat.

Theo tiéu chuan Wilk’s Lambda, nhimng bién duoc sir dung dé xay dung ham
1ap nhom 1a nhitng bién c6 gié tri Fr, (F to Remove) > 2,71 (Mic dinh). Trai lai, khi
nhitng bién c6 gia tri Fg, < 2,71, thi chung bi loai ra khoi mé hinh phan loai. Mot
bién c6 thé dugc dua vao md hinh phan loai khi n6 lam thay doi thong ké Wilk’s
Lambda mét cach c6 y nghia. Sy thay doi caa théng ké Wilk’s Lambda duoc kiém
dinh theo tiéu chuin Fehange (CONg thue 8.2). O cong thac 8.2, N = tong sb cac
truong hop dua vao phan loai, g = s nhdm phan loai, p = s6 bién s6 trong mo hinh
phén loai, A, = Wilk’s Lambda (ng véi p bién trudce khi dua thém mét bién vao ham
phan loai, Kpﬂ = Wilk’s Lambda @ng véi p + 1 bién sau khi dua thém mot bién vao
ham phan loai.

N- -0- p 1- 7\'p+1/?\f
FChange g 1 p+1/7\4

(8.2)
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Phuong phép khoang cach binh phuong ciia Mahalanobis dua trén co sd cua
ham 1ap nhom tuyén tinh (Cong thirc 8.3); trong do m la sb bién dé xay dung ham
lap nhom; k la s0 nhom phan loai hay s6 nghiém thirc so sanh (k =1, 2, 3...); b; Ia
cac tham s&; X,»® 12 bién du doan thir m thuoc nhém phan loai k.

Z® = b, X, + b X0 + L+ bpX (8.3)

Ham lap nhom tuyén tinh chi dugc xac dinh khi cac nhom khac nhau thuc
su. Vi thé, gia thuyét Ho dat ra 13 cac nhom khac nhau khong 1o rét. é kiém dinh
gia thuyét nay, Mahalanobis st dung s6 do khoang cach D% Su khac biét giira cac
nhém duge kiém dinh theo tiéu chuan F (Cong thic 8.4); trong d6 ny va n, 1a dung
lwong quan sat cia nhom 1 va nhoém 2. Khi F > Fos hay P < 0,05 (Méc dinh), thi hai
nhom khac nhau rd rét. Khi hai nhom khac nhau rd rét, thi budc tiép theo la xay
dung ham 14p nhom tuyén tinh Fisher va biéu do d¢& mé ta quy luat phan b cua cac
truong hop trong cac nhom. Sau d6 ham 1ap nhom tuyén tinh Fisher duoc str dung
dé phan loai cac truong hop méi vao cac nhom khac nhau.

ni*n, ng+np-m-1
ny +n, ng+n,-2

F= *D? (8.4)

8.1.2. Muc dich va muc tiéu ciia phan tich nhém

Muc dich cua phan tich nhom la cung cap nhitng ham dé dy doan nhiing
truong hop mai thudc vé cac nhom khac nhau. Nhitng truong hgp mdéi 1a nhitng
truong hop khong dugce st dung dé xay dung cadc ham lap nhém.

Phan tich nhom c6 ba muc tiéu co ban: (1) Xac dinh nhitng bién doc lap khac
nhau nhiéu nhat gitra cac nhdm; (2) Xéac dinh su khéac biét co ¥ nghia théng ké gitra
hai hay nhiéu nhom; (3) Xay dung cac ham 1ap nhom dé phan loai nhimng trudng
hop mdéi vao cac nhdm khac nhau.

8.1.3. Nhirng rng dung cuia phan tich nhéom trong 1am hoc

Phan tich nhom c6 thé duoc st dung dé giai quyet nhitng van de sau day: (1)
Phan loai s6 liéu thanh hai hay nhiéu nhém; (2) Tim kiém mot ham s tir cac bién
s6 du doan (dinh luong hodc dinh tinh) dé phan chia cac nhém. Trong 1am hoc,
phan tich nhom dugc sir dung dé giai quyét mot sé van dé dudi day.

(1) Phan loai (rimng, cép lap dia, cip nguy co chay rung, cép ning suit
rimg...). Dé giai quyét nhiing van dé dat ra, nguoi ta bat dau tir nhimg d6i tuong da
dugc phéan loai so bd theo mot sé ddc trung nao do. Tlep theo xay dung cac ham
phan loai cac dbi twong dya trén nhitng dic trung (bién sd) cua cac ddi twong da
biét. Sau d6 sir dung cac ham phan loai nay dé phan chia nhig dbi tuong moi
thudc vé cac nhdm khac nhau.

(2) Kiém dinh su khac nhau gitra cac nghiém thicc dya trén nhiéu bién sé
khac nhau. Chang han: Phan tich anh huong caa 4 phuong thirc 1am sinh dén sinh
truong ca ring dua trén cac bién D, H, G, V va xac dinh nhimng phuong thirc 1am
sinh mang lai hiéu qua gidng nhau nhiéu nhat hodc khac nhau nhiéu nhat.
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(3) Xac dinh nhitng tap hop bién hitu ich nhat cho viéc phan loai hoic so
sanh giita cac dbi twong. Nhirng d6i twong can phan loai thuong c6 rat nhiéu dic
trung khac nhau. Vi thé, tly theo muc tiéu dat ra, nha nghién ctu can phai chon ra
nhiing bién dic trung va c6 ¥ nghia nhat cho viéc phan chia cac nhom.

(4) So sanh vai tro cua nhiing tap hop blen du doan khac nhau dugc sir dung
dé xay ‘dung ham 1ap nhom. bé glal quyét van dé dat ra, nguoi ta chon nhiing tap
hop bién phén loai khac nhau dé xay dung cac ham 1ap nhom. Mot tap hop bién
phan loai tot hon khi ham phan loai dugc xay dung tir nhitng bién nay cho két qua
phan loai tinh bang phan trim cao hon. N6i chung, khéng c6 phuwong phap nao cho
phép chon duoc mot tap hop bién tét nhat, ma chi ¢6 nhitng phuong phap cho phép
chon dugc mot tap hop bién tt hon. Vi thé, khi phan loai cac ddi tuong, nha nghién
ctru can phai tim kiém nhitng tap hop bién cho két qua phan loai cao hon. Mot ham
phan loai bao gém nhiéu bién du doan cho két qua phan loai cao hon so v6i ham
phan loai chi bao gdm |t bién. Tuy vay, viéc xay dung nhiing ham nhiéu bién khong
chi phtrc tap, ma con mat nhiéu chi phi Ve nhan luc, thoi gian, kinh phi va kha néng
trng dung. Chinh vi thé, tiy theo yéu cau dit ra, nha 1am hoc can xac dinh mot tap
hop bién hitu ich cho viéc phan loai cac nhom.

(5) Tim kiém nhitng gia tri bat thuong hay ngoai lai. Nhitng gia tri bat
thuong 1am tang bién dong trong mot nhom. Nhitng gid tri nay sé nhan cac diém sé
bat thuong.

8.1.4. Nhirng diéu kién trong phan tich nhém

Phan tich nhém doi hoi phai thoa méan 6 diéu kién co ban. Mot 1a s6 nhém
phan loai tir 2 tro 1én. Hai 1a mdi nhom phai ¢ hai bién phan loai tro 1én. Céc bién
phan loai nay |a nhitng dai lugng nhan gia tri lién tuc. Ba 1a cac bién phan loai 1a
céc bién dinh lugng va khac nhau thyc sy gitra cac nhom. Néu céc bién phan loai la
cic bién dinh danh, thi ching phai duoc ma hoéa thanh cac bién gia (Dummy
variables) hodc bién nhi phan (0 va 1). Bén 1a cac bién phan loai cia mdi nhém phai
¢6 phan bd chuin. Diéu kién nay duoc kiém dinh theo thong ké xz. Nam la phuong
sai cia cac bién phéan loai phai bang nhau gita cac nhom. Diéu kién nay duoc kiém
dinh theo thong ké Levence. Sau 1a ma tran hiép phuong sai trong noi bo nhom phai
bang nhau giira cac nhom. Piéu kién nay duoc kiém dinh bang théng ké M ciia Box
(Box’s M Test).

8.1.5. Cac budc co ban trong phan tich nhom

Budc 1. Phan tich d6i twong nghién ctu. Trong 1am hoc, d6i ddi tuong
nghién ctiu ¢ thé 13 rimg phan bd trén nhitng méi trudng khac nhau; rimg duge xir
Iy theo nhitng k¥ thudt 1am sinh khac nhau; cdc nghiém thic trong gieo wom va
tréng rimng...Muc dich cta budc nay 1a chon cac bién du doan thich hop (bién phan
loai, bién doc lap); kiém dinh su phu hop cua cac ham lap nhom; xac dinh phuong
phép xay dung cac ham lap nhém va dénh gia ¥ nghia hay vai tro cua cac bién dy
doan trong cac ham 1ap nhom.
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Két qua phan loai cac déi twong phu thudc vao sb luong bién du doan duogc
su dung dé xay dung ham phan loai nhém. Khi céc bién du doan khac nhau rd rét
gitra cac nhom, thi ham 1ap nhém cho két qua phan loai véi d6 chinh xac cao. Trai
lai, néu céc bién du doan kém hitu ich cho viéc phan loai, thi ham lap nhém cho két
qua phan loai véi d6 chinh xac thap. Vi thé, xac dinh nhirng bién hitu ich cho viéc
phan loai 1a viéc 1am can thiét. Sy khac nhau cua cac bién sb du doan gitra cac
nhém duoc kiém dinh bang tiéu chuan Wilk’s Lambda (Cong thtic 8.5). Tiéu chuin
Wilk’s Lambda 1a ty 18 giira tong cac do léch binh phwong trong cic nhém
(SSEgroup) VoI téng cac do léch binh phuong cia tit ca cac nhom gop lai (SSEténg)-

SSR -
Wilk’s Lambda = ~aadnhom (8.5)
SSRréng

Tiéu chuin Wilks’s Lambda = 0 — 1. Gi4 tri 0 cho biét cac bién du doan c6 v
nghia phan loai hoan toan. Khi Wilk’s Lambda rat nho hodc P < 0,01, thi trung binh
cua cac bién du doan khac nhau rd rét gitta cac nhom hay cac nhom khac nhau rd
rét. Gia tri 1 cho biét cac bién du doan khong c6 ¥ nghia phan loai.

Ham l4p nhém co the dugc xay dung bang nhiéu phuwong phap khic nhau.
Mot 1a ham 1ap nhom bao gdm tat ca cac bién du doan. Hai 13 ham 1ap nhom chi
bao gdm nhitng bién dy doan hiru ich cho viéc phan loai. Nhimng bién hiru ich dugc
xac dinh theo phuong phdp ham 13p nhém tirng budc (Stepwise Discriminant
Function Method). Ham nay c6 thé dugc xay dung theo 4 phuong phap co ban:
Wilk’s Lambda, khoang cach binh phuong cia Mahalanobis (Mahalanobis Squared
Distance), ty 1& F nho nhat (Smallest F ratio) va Rao’s V.

Budc 2. Xac dinh muc tiéu phan loai nhém va dé chinh xac cua cac ham
phan loai nhém. Khi phan tich nhdm, trudce hét can dinh nghia rd rang myc tiéu hay
ly do cua viéc x@y dung cdc ham lap nhom. Phuong phap xay dung cadc ham lap
nhom thay doi tiiy theo muc tiéu nghién ciu.

Néu muc tidu nghién ciru 1a sdp xép cdc trwong hop vao nhiing nhom khac
nhau, thi ham Idp nhém c6 thé dwoc X8y dung tir mét tap hop bién nao dé. Tap hop
bién nay duoc chon ra tir nhitng bién du tuyén. Luu ¥ rang khong c6 phuong phap
nao cho chép chon dugc mot tap hop bién tét nhat, ma chi c6 nhitng phuong phap
cho chép chon dugc mot tap hop bién tt hon. Vi thé, dé xay dung ham phan loai
cac ddi twong, nha 1am hoc can xac dinh nhitng tap hop bién cho két qua phan loai
cao hon. Pé dat muc tiéu nay, cac bién trong ham phan loai duoc xac dinh tir nhitng
tap hop bién du tuyén khac nhau.

Néu muc tiéu nghién ciru 12 so sanh sy khac biét gita cdc nhém da biét
truée, thi ham Igp nhém dwoc xdy dung tir nhitng nhém da biét nay Nhiing nhom
d3 biét truée 13 nhimg nhém di duoc dinh nghia o rang. Chéng han: (a) Cac
nghiém thirc thi nghiém trong gieo wom; (b) Rung trdng tir mot loai cdy gb nao do
theo ba phuong thic khac nhau; (c) Rimg trong trén cac dat khac nhau...Trong
truong hop ndy, chiing ta chi chon nhiing tap hop bién hitu ich cho viéc so sanh céc
nhém. Néu cac nhém khac nhau khéng rd rét hodc ¢ nhiéu nhém gan gidéng nhau,
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thi két qua phan loai s& thap. Nguoc lai, khi cac nhdm khac nhau rd rét, thi két qua
phan loai s& cao. Khi hai nhém giao nhau mét phan, thi tly theo phan giao nhau ma
ching khac nhau nhiéu hay it. Néu phan giao nhau cang 16n, thi hai nhém cang
gidng nhau.

Néu muc tidu nghién ciru 1a xay dung cdc ham ldp nhém dé xdc dinh cdc
trieong hop méi thuée vé nhitng nhém da biét trude, thi cac bude xdy ding ham ldp
nhém dwoc bt dau tir nhitng bién ciia cdc nhém da biét nay. Chéng han: (a) Phén
nhom sinh truong cho nhitng cay hinh thanh rimg thuan loai dong tudi; (b) Phan
chia cac 6 méu theo nhitng kiéu QXTV da biét. Trong trudng hop nay, trudc hét
xay dung cac ham 1ap nhom tuyén tinh Fisher. Sau d6 sir dung cdc ham 1ap nhom
nay dé phan loai nhitng truong hop méi thuoc vé nhing nhom khac nhau. Mot
truong hop méi thudc vé thanh vién caa mot nhém nao dé néu tai d6 ham 1ap nhém
tuyén tinh Fisher nhan duoc gia tri 16n nhat. Sy thanh cong cua viéc phan loai ban
dau duoc béo céo théng qua cac thdng ké cho tung truong hop (Casewise
Statistics), ban do phan loai (Territorial Map), d6 thi phan tan giita cac nhom (All-
groups Scatter Plot) va két qua phan loai (Classification Results).

Budc 3. Phan tich cac két qua phan loai nhom. O bude nay xay dung hai kiéu
ham 13 ham 1ap nhém hop quy chuan héa va ham lap nhém hop quy chwa chuan
hoa. Néu c6 hai nhom, thi chi c6 mét ham hop quy. Néu c6 k nhom, thi c6 k — 1
ham hop quy. Ham 1ap nhém hop quy chuan hda duoc st dung dé danh gia tam
quan trong hay y nghia cua ting bién trong ham lap nhém. Muc y nghia cua cac
bién dy doan dugc danh gia theo do 16n tuyét dbi cua cac hé sb trong ham lap
nhoém. Ham lap nhém hop quy chua chuan hoa duoc sir dung dé xac dinh diém s6
hay khoang cach ctia mdi trudng hop dén trung tim nhom. Biém trung binh cua mdi
nhom duoc bdo cdo thdng qua cac ham ¢ trung tdm nhom (Functions at Group
Centroids). Khi c6 nhiéu ham hop quy (k > 2), thi hai ham hop quy 1 va 2 dugc su
dung dé xay dung cac ban db va do thi phan chia cac nhém.

Sy khéc nhau giira cac nhém duoc danh gia bang théng ké Eigenvalues (S6
dic trung) va hé s6 twong quan. Théng ké Eigenvalues l1a ty sé cua tong binh
phuong gitra cdc nhém Vvéi tong binh phuong trong cac nhom. Ty 1é dong gbp cua
mét ham hop quy theo mot phuong nao dé duge do bang phan trim phuong sai.
Phan traim phuong sai cong don cua cac ham hop quy cho biét ty Ié dong gop cua
ching theo mot phuong nao d6. Luu ¥ mdi bién dy doan 1a mot phuong.

MOi quan hé gitra cac diém sé lap nhém dugce do bang hé sb tuong quan hop
quy. Néu chi c6 hai nhdm phan loai, thi hé sé tuong quan hop quy la hé s6 twong
quan Pearson. Khi c6 nhiéu hon hai nhoém phan loai, thi hé s6 tuong quan hop quy
la hé sb Eta hay ty twong quan. D6 1a ty s6 cua tong binh phuong gitta cac nhom véi
téng binh phuong toan bd. Néu str dung phuong phap dua tit ca cac bién du doan
vao ham phan loai, thi sy khac nhau giira cac nhom duoc xac dinh bang tiéu chuan
Wilk’s Lambada va tiéu chuan xz. Khi P < 0,05 hoac 0,01, thi trong tam gitra cac
nhom 1a khac nhau. Néu sir dung phuong phap chon bién ting budc (Stepwise
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Method), thi nhitng bién duoc chon hay loai bo khoi mé hinh ciing dwoc xac dinh
bang tiéu chuan Wilk’s Lambda.

Khi sir dung phuong phap chon bién timg budc, thi sy khac nhau giira cac
cdp nhém duogc kiém dinh bang tiéu chuan F. Tiéu chuin F cho ting cip nhom ty 1¢
vé6i khoang cach Mahalanobis binh phuong (D). Vi thé, do 16n va mic v nghia (P —
value) cua tiéu chuén F cho biét su khac nhau gitta cdc nhém. Théng ké F chi thich
hop v6i mot cap nhom so sanh. Khi ¢ nhiéu cap nhém can so sanh, van dé da kiém
dinh s& phat sinh. Trong truong hop nay, sau khi mire y nghia cua cac cap so sanh
duoc bao cao, thi ching phai duge diéu chinh bing cach nhan muc ¥ nghia cua moi
cap so sanh Vi sb cap duoc so sanh. Chang han: Khi so sanh 5 nhém, thi sb cip so
sanh 1a 10. Néu mirc y nghia (P) ciia mot cap so sanh nao d6 nhan gié tri 12 0,01, thi
xéac suat dugc diéu chinh la 10*0,01 = 0,10. Vi P = 0,10 > 0,05 nén cip nhom nay
khac nhau khong c6 y nghia thong ke.

8.2. Phan tich mo hinh hai nhéom

Gia sir myc tiéu nghién ctru 14 xay duyng ham 1ap nhém dé so sanh sy khéc
nhau giita hai quan thu Pudc 16 tudi. Ham lap nhom bao gém 3 bién phan loai (D,
H va Dy) cta nhitng ca thé dai dién cho hai quan thu nay. Trong trudng hop ndy,
ham 13p nhém c6 dang nhu Ham 8.6; trong d6 k = 2 nhom.

7® = axp® 4 p*H® + C*DT(k) (8.6)

bé dat muyc tiéu nay, ham lap nhom dugc xay dung thong qua nhing budc
dudi day. O day sur dung céng cu tinh toan 1a phan mém thong ké SPSS.

Budc 1. Nhap cac gia tri cua 3 blen dy doan (D, H, D) trong 3 cot lién tlep

cua bang tinh SPSS. Cot thir 4 nhép s6 nhom phan loai. Trong trueong hop nay, so
nhom phan loai 12 2 quan thu Buoc 16 tudi (Hinh 8.1).

s ) T Thetant] T T ey T - -

T 0 A all B M GRS

D

Hinh 8.1. Dic trung cuia hai quan thy 1 va 2.

Budc 2. Khai bao sé nhém va sd lugng bién du doan ciua ham 1ap nhém
tuyén tinh Fisher theo Ham 8.6. Trudc hét mo tap s6 li€u cua hai quan thu Pudc 16
tudi. Ké dén, tir Menu chinh, chon Analyze = Classify = Discriminant (Hinh 8.2).
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Hinh 8.2. Pudng dan vao Menu phan tich ham 14p nhom.

Tai ctra s6 Discriminant Analysis, chon va chuyén s6 nhom phan loai vao 6
Grouping Variable. Ké dén chon Define Range dé dinh nghia pham vi ciia cac nhém
phan loai. Luu ¥ s6 nhém phan loai phai 13 s6 nguyén duong lién tuc. O trudng hop
nay chi c6 hai quan thu Pudc 16 tudi dua vao phan tich. Bé dinh nghia pham vi cua
cac nhom, sau khi ma Define Range, nhap s6 1 (Quan thu 1) vao 6 Minimum va s6
2 (Quan thu 2) vao 6 Maximum. Tiép theo chon 3 bién dy doan (D, H, Dy) va
chuyén chung vao 6 Independents (Hinh 8.3).

r@ Discriminant Analysis -— Es‘
— Grouping Variabdle: @
& Predicted Group for lij [Nhonl1 2) l S
& Discriminant Scores _
&) Predicted Group for <:| mﬂ
& Discriminant Scores Independents T
= =
ey | i @8 — | Bootstrap._ |
I - T S — |~
. ®| Enter independents together,
vagrm (2 ) Use stepwise method
| {omseus)  Cavem | votn | Selection Variable
N i R | |

(Lox J[ Baste || Beset |(cancel]|_Help |

Hinh 8.3. Phan tich ham lap nhom tuyén tinh Fisher.

Budc 3. Xay dyng ham 1ap nhom tuyén tinh Fisher theo Ham 8.6. Tir cira $6
Discriminant Analysis & Hinh 8.3, chon Statistics va danh diu: (a) Céc thong ké mo
ta (Means; Univariable ANOVAs; Box’s M = Kiém dinh hiép phuong sai trong noi
bo nhém); (b) Céac hé sé ciia ham phan loai (Hop quy chuan hoa = Standardized
Canonical Discriminant Function Coefficients; Hop quy chwa chuan hoa =
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Unstandards Canonical Discriminant Function Coefficients va ma tran twong quan

trong nhom = Within-Group Correlation Matrices). Sau d6 chon Continue (Hinh
8.4).

Budc 4. Xac dinh két qua phan tich nhém. Tir ctra s6 Discriminant Analysis
& Hinh 8.3, chon Classify va danh ddu All Group Equal trong 6 Prior Probabilities,
Casewise Results va Summary Table trong 6 Display, Within Groups trong 6 Use
Covariance Matrix (Hinh 8.5). Sau cung chon OK dé nhan két qua phan tich nhom.

—
# Discriminant Analysis: Statistics &
Descriptives Matrices
« Means « Within-groups correlation
' Univariate ANOVAs IWithin-groups covariance
+ Boxs M Separate-groups covariance

Total covariance
Function Coeflicients

' Fishers
« Unstandardized

(continue ] [ cancet |[  Help |

. —_— =

Hinh 8.4. Nhimng thong ké trong phan tich ham 1ap nhém.

Muc All Group Equal trong 6 Prior Probabilities 14 xac suit uu tién cho mdi
nhom. Néu c6 k nhom, thi xac suat wu tién ciia mdi nhom 1a (100/k)%. O vi du nay,
bai vi chi ¢6 hai nhém, nén xac suat uu tién cia mdi nhom 1a (100/2) = 50%. Muc
Casewise Results 1 két qua phan tich nhom; trong d6 bao gém sb truong hop phan
tich, nhdm phén loai ban dau (Actual Group), nhom du doan (Predicted Group) va
diém so phan loai (Discriminant Scores) cho tirng trudng hop.

-
"CB._ Dizcnmunant Analysis: Classification &
Prior Probabdilities Use Covanance Matrix
&/ Al groups equal| ® within-groups
) Compute from group sizes ) Separate-groups
Dispiay Flots |
| Casgwise resuits ¥ Cgmbined-groups
LImit cases to first Separate-groups
< Summary table Territorial map
¥ Leaye-one-out classification
Replace missing values with mean
[gontinue ] | cancer || Heip |
-

Hinh 8.5. Xac dinh nhitng thong tin ctia ham 1ap nhém.
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Bén budce trén day duoc thuc hién khi ham 1ap nhém bao gém tat ca 3 bién
du doan (D, H va Dy). Néu chi xdy dung ham 1ap nhém véi nhiing bién du doan
hitu ich nhét, thi tir Hinh 8.3 chon phuwong phap phan tich nhém ting budc (Use
Stepwise Method) theo phuong phép khoang cach binh phuong ctia Mahalanobis
(Hinh 8.6 va 8.7).

r ol r ==
[ Gt i [ 13 Dacnmnant Analysas: Stepwve Method —t
’ Grocpey) Vanadl ot
m s St
w Khomi12) Fom===aid \‘: = Yk’ lemeds & Use F valos
I I'l' MJ Unexplained aamance Enty 354 Rempval
] @ Manaianczis distance
1oapenoant
‘.90 71 L Smaliast F rado Use probatikly of F
¢ 2u Baos v
o |@or : X
_______:\ Erter nzsganzents fgeth
T
[N ', & Use slapwiss met
2 P Jartaby
Z Selecion Vanabie ¥ Summary of steps o F foe parwise getances
0K, (pasi Foset G| 1y, Geotewo] | _Cancel ; _titp_,
J‘ -

Hinh 8.6. Phuong phap chon bién Hinh 8.7. Chon phuong phap phan
tung budc. tich ham 1ap nhom.

Budc 5. Giai thich két qua. Két qua phéan tich nhém cung cip nhiéu nodi dung
khac nhau. Duéi day chi trinh bay tom tat nhirng noi dung co ban.

Noi dung 1. Théng ké md ta cac nhdm. Phan nay trudc hét bao cdo cac dic
trung thong k& mé ta (trung binh, sai tiéu chuan, s6 mau cua cac bién dua vao phan
tich) d6i voi timg bién dy doan trong mdi nhdm (Bang 8.1).

Bang 8.1. Cac thong ké mé ta trong hai nhém (Group Statistics).
Valid N (listwise)
Unweighted Weighted

Bién du doan cia 2 nhom  Mean  Std. Deviation

1 D 8,3 2,1 110 110
H 8,0 2,0 110 110

DT 5,0 1,7 110 110

2 D 14,2 2,2 102 102
H 14,2 2,1 102 102

DT 3,8 1,3 102 102

Total D 11,2 3,6 212 212
H 11,0 3,7 212 212

DT 4,5 1,6 212 212

Ké dén kiém dinh ngang bang trung binh cua cac bién dy doan giira cac
nhom (Bang 8.2). Gia thuyét Hy: Trung binh cua cac bién du doan 1a khong khéc
nhau giita cac nhom. Gia thuyét nay dugc kiém dinh bang tiéu chuan Wilks'
Lambda va tiéu chuan F. Tiéu chuan Wilks' Lambda nhan gié tri tir 0 + 1. Di voi
mdi bién phan loai, néu gia tri Wilks' Lambda rat nho hoic P < 0,01, thi gia thuyét
bi bac bo. Két qua & Bang 8.2 cho thay gia tri Sig hay P < 0,01 chimg t6 ba bién (D,

219



H va D7) khac nhau rat rd rét gitta hai quan thu. Luu ¥ rang mot bién sé doc 1ap chi
c6 y nghia phan loai khi n6é khéc nhau thuc sy gitra cac nhom.

Bang 8.2. Kiém dinh ngang bang trung binh ciia cac bién du doan giira hai nhom.

Bién di doan Wilks' Lambda F dfl df2 Sig.
D 0,340 408,109 1 210 0,000
H 0,303 482,636 1 210 0,000
DT 0,860 34,221 1 210 0,000

Noi dung 2. Phan tich y nghia cta cac bién du tuyén hay bién ban dau duoc
dua vao ham phéan loai theo phuong phéap 1ap nhom tirng budce (Stepwise Method).
Noi dung ndy phan tich va xac dinh nhitng bién phan loai c6 ¥ nghia thuc su hay
hitu ich dé x4y dung ham 14p nhom. Nhirng bién phan loai c6 ¥ nghia duoc bao cdo
& muc phan tich nhitng bién ¢ trong ham 1ap nhoém (Variables Entered) va nhiing
bién bi loai ra khoi ham 1ap nhém (Variables Removed). O vi du nay, nhiing bién
dugc dua vao hay loai ra khoi ham lap nhém dugc kiém dinh bang phuong phap
khoang cach binh phuong cia Mahalanobis. Néu sir dung J bién dy tuyen thi s0
bude kiém dinh 1a J. O vi du nay, ham 1ap nhom duogc xay dung tur 3 bién du tuyen
(D, H, D7), nén ¥ nghia cua 3 bién nay duoc kiém dinh theo 3 budc. Gia thuyét Hy:
Bién doc 1ap thir nhat (Bién dua vao phan tich dau tién) khong c6 ¥ nghia phan loai.
Néu P < 0,01, thi gia thuyét bi bac bo. Nhitng budc tiép theo kiém dinh y nghia cia
céc bién khac. Sau d6 chuong trinh bao cao két qua kiém dinh nhimng bién du tuyén
& trong ham lap nhom va nhiing bién du tuyén bi loai ra khoi ham 1ap nhom. Y
nghia ciia cac bién dy tuyén ciing dugc kiém dinh bang tiéu chuan Wilks' Lambda.
Két qua cho thay ba bién (D, H va D) déu c6 ¥ nghia phan loai (P < 0,01) (Bang
8.3).

Bang 8.3. Kiém dinh y nghia ctia c4c bién sé du tuyén.
Step  Number of Variables Lambda dfl df2 df3

Exact F
Statistic dfl df2 Sig.

1 1 0,303 1 1 210 4826 1 210 0,000
2 2 0086 2 1 210 11038 2 209 0,000
3 3 0084 3 1 210 /53,0 3 208 0,000

N§i dung 3. Phén tich ham lap nhom hop quy (Canominal Discriminant
Function Analysis). Phan nay cung cap cac thong tin vé kiém dinh sy ton tai ctia cac
ham hop quy; xac dinh cac hé sé caa ham lap nhém hop quy chuan héa va chua
chuan hoa; do dac muc anh huong hay vai tro caa ting bién trong ham l1ap nhom.
Nhitng kiém dinh nay dugc xac dinh theo s6 dic trung (Eigenvalue) va tiéu chuan
Wilks' Lambda (Bang 8.4).

Théong ké Eigenvalue do bién dong vé diém sb giita cac nhom va quan hé
giita cac diém sb lap nhom (Discriminant Scores). Néu c6 hai nhém, thi trong quan
hop quy (Canonical Correlation) 1a hé sb twong quan Pearson (R) giita cac diém sb
lap nhém cua hai nhém dwogc ma hoa 1a 0 va 1. Néu c6 ba nhém tré 1én, thi tuong
quan hop quy la thong ké Eta (Ty twong quan 1) trong phan tich phuong sai 1 yéu
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t6. O vi du nay, twong quan hop quy giita cac diém s 1ap nhém cua hai nhém 1a rat
chat ché (R =0,957).

Bang 8.4. Tom tit ham lap nhom hop quy.

(a) Thong ké Eigenvalue.
Function Eigenvalue % of Variance Cumulative % Canonical Correlation
1 10,862° 100,0 100,0 0,957

(b) Tiéu chuan Wilks' Lambda.
Test of Function(s) Wilks' Lambda Chi-square  df Sig.
1 0,084 515,690 3 0,000

Tiéu chuan Wilks' Lambda 12 ty 1& caa tong bién thién trong cac diém sé lap
nhom khéng thé giai thich duoc boi su khac nhau giita cac nhém. O vi du nay,
Wilks' Lambda = 0,084 cho biét khoang 8,4% su bién thién caa diém sé lap nhém
khong thé giai thich dugc bang su khac nhau giita cac nhém. Hai tiéu chuan Wilks'
Lambda va Chi square déu kiém dinh gia thuyét Hy: Piém sd trung binh hay trong
tam cua cac nhom 1a bang nhau. Néu P value < 0,01, thi diém sb trung binh cua cac
nhom 1a khéc nhau. O vi du ndy, P < 0,01 cho biét diém sb trung binh cia hai nhém
khac nhau rd rét.

Cac hé sb caa ham Iap nhom hop quy chuan hoa (Cot 1 - Bang 8.5) dugc sir
dung dé danh gia vai trd hay mtrc d6 anh huéng cua tirng bién phan loai trong ham
lap nhém. Vai tro caa tirng bién phéan loai duoc danh gia theo do 16n tuyét dbi cua
cac hé s6 ciia ham 1ap nhém hop quy chuan héa. O vi du nay, thi bic anh hudng tir
cao dén thap 1a Dy, H va D. Vai tro cua ting bién phén loai trong ham 1ap nhém
hop quy chuan héa con dugce danh gia theo hé sb tuong quan (Bang 8.6). Theo hé sb
tuong quan, bién H c6 quan hé vai cac bién ciia ham 1ap nhém hop quy chuan héa
1én hon so véi bién D va Dr.

Bang 8.5. Cac hé sé cua ham 1ap nhém hop quy chuan héa va chua chuan hoa.
Standardized Function  Unstandardized Function

Bién du doan

1) @)
D 0,526 0,247
H 1,267 0,617
Dt -1,591 -1,053
(Constant) -4,847

Ham Iap nhém hop quy chua chuan héa (Cot 2 - Bang 8.5) duoc sir dung dé
xac dinh diém s6 cua bién hop quy (Canonical Variable Scores) cho ting trudng
hop. Piém sé nay khong phu thuoc vao dau. Khi ¢ hai nhém, thi nhitng diém s
am thuoc vé nhom 1 hay ham 1, con diém s6 dwong thudc vé nhom 2 hay ham 2.
Diém sb binh quan ciia méi nhém duge xic dinh bang nhitng ham lap nhém hop
quy chua chuan héa & trung tm nhém (Functions at Group Centroids) (Bang 8.7).
Gia tri tuyét ddi caa hdm 14p nhom hop quy chua chuan héa & trung tm nhém cho
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biét mirc d6 khac nhau giira cac nhom. Diém s binh quan ciia mdi nhém duge xac
dinh theo ham ¢ trung tdim nhom (Bang 8.8).

Bang 8.6. C4c hé sb tuong quan giita cac bién du doan vé&i cac bién caa ham lap
nhom hgp quy chuan hoa.

Bién du dodn 10
H 0,460
D 0,423
Dy -0,122
Bang 8.7. Ham 1ap nhom hop quy chwa chudn hoa ¢ trung tdm nhom.
IS \ Function
Cap sinh truéng 1 5
1 1,155 0,622
2 0,891 0,114
3 0,025 -0,173
4 -0,602 0,022
5 -1,771 0,505

Bang 8.8. Ham ¢ trung tdm nhém (Functions at Group Centroids)
Nhom Functions at Group Centroids of 1
1 -3,159
2 3,406

Noi dung 4. Phan tich cac ham phan loai. Phan ndy phén tich xac suat uu
tién cua cac nhom va cac hé s6 cua ham 1ap nhém. O vi du nay chi ¢6 2 quan thu,
nén xac suat uu tién ciia mdi nhom 1a 50%. Mdi nhém c6 mot ham phan loai tuyén
tinh Fisher. O vi du nay c6 hai nhém nén chi ¢ hai ham phan loai nhém (Bang 8.9).
Ham phan loai ddi véi quan thy Pudc (1) va (2) twong Gmg c6 dang nhu ham 8.7 va
8.8.

Bang 8.9. Cac hé s6 cua ham phan loai (Classification Function Coefficients)
Cac hé so cua nhom

Bién du doan

1 2
D 0,978 2,602
H 0,876 4,929
DT 0,106 -6,810
(Constant) -8,540 -41,172
z® = 0,978*D + 0,876*H + 0,106*D+ = 8,540 (8.7)
Z® = 2,602*D + 4,929*H — 6,810*D — 41,172 (8.8)

Hai ham phan loai (Ham 8.7 va 8.8) duoc st dung dé tinh khoang céch khac
nhau cyc dai gitra hai quan thu Puéc. Hai ham nay ciing duoc st dung dé phan loai
nhitng cdy mai thudc vé quan thu Pude khic nhau. Dé biét mot ciy méi thuoc vé
qu'ém thu nao, trude hét do dac ba bién D, H va Dt caa nhitng cay can phan loai
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trong mdi quan thu duoc nghién ctru. K& dén nhan cac hé s6 cia mdi ham véi céac
gia tri cua cac bién du doan (D, H va DT). Két qua nhan dugc khoang cach khac
nhau cuc dai cia mdi quan thyu. Cay phan loai thudc vé quan thu nhan gia trj khoang
cach I6n nhat. Bang 8.10 dan vi du xac dinh nhém d6i véi 4 cdy Pude duoc tinh
toan tir hai ham 8.7 va 8.8. Cdy s 1 va 2 nhén gia trj khoang cach 16n nhat & ham 1
(13), nén n6 thudc quan thu 1. Cay sd 3 va 4 nhan gia tri khoang cach 16n nhét ¢
ham 2 (tuong tng 27,4 va 48), nén no thudc quén thu 2.

Bang 8.10. X4c dinh nhom ddi v6i 4 cAdy méi theo hai ham 14p nhom & Bang 8.9.

. Kich thuge than cay DPiém s theo ham:
TT cay Nhom
D(m) H(m) Dr(m) 1 2

(1) (2) 3) (4) (5) (6) (7)

1 12 12 6,9 13,0 2,2 1

2 12 12 7 13,0 15 1

3 12 12 3,2 13,4 274 2

4 16 16 4.6 20,6 48,0 2

Noi dung 5. Phan tich nhitng thong ké dbi véi cac truong hop (Casewise
Statistics). Phan ndy so sanh cac truong hop duoc phan loai thyc té va dugce du
doan. Bang bao c4o nay bao gdm 2 phan (Hinh 8.8). Phan 1 cho biét cac thong tin
vé két qua phan loai 1an dau tir ham 1ap nhom (Highest Group). Phan 2 cung cap céc
théng ké kiém dinh lai cac truong hop phén loai 1an ddu & phan 1 c6 thé thudc vé
nhom hai hay khong.

.....

o TT B P

Hinh 8.8. Xé4c dinh nhiing thong ké cuia cac trudng hop.
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Phéan 1 bao gdm 7 cot. Cot 1 1a thr ty cac truong hop duoc sir dung dé xay
dung ham lap nhom. C6t 2 va 3 twong ung la nhom thyc té va nhom dy doan cua
timg truong hop. Cot 4 la xac suat co diéu kién (P(D>d | G=g)). N6 cho biét xac
suat cua diém sé quan sat thuoc nhom dung nhat. Cot 5 la do tu do. Cot 6 la xac
suit (P(G=g | D=d)) chip nhan ting truedng hop thude Ve nhém da duogc phan loai.
Cot 7 1a khoang cach Mahalanobis binh phuong ctia mdi truong hop dén trung tam
nhém. Khoang cach Mahalanobis cang nho cho biét truong hop ay cang gan trung
tam nhom.

Phén 2 bao gém 3 cot. Cot 8 — 10 1a cac théng ké kiém dinh lai cac truong
hop phéan loai 1an dau & phan 1 c6 thé thuoc vé nhém hai hay khéng (Second
Highest Group). Cot 8 ghi lai nhom cta cac trudng hop phéan loai 1an 2. Cot 9 cho
biét xac suat (P(G=g | D=d)) ma mét trudng hop cu thé thuéc vé nhém hai. Néu P <
0,01, thi truong hop d6 khong thudoc vé nhom hai. Cot 10 1a khoang céch
Mahalanobis binh phuong cta mdi truong hop dén trung tdm nhém. Gia tri
Mahalanobis binh cang nho cho biét trudng hop ay cang gan trung tam nhom. Cot
11 13 cac diém sb phan loai (Discriminant Scores). Piém sé phan loai cac trudng
hop dugc tinh tir ham 1ap nhdm hop quy chua chuan héa (Unstandardized canonical
discriminant functions; Ham 2 cta Bang 8.5). Nhitng truong hop c¢6 diém sé phan
loai &m cho biét chiing thuoc vé nhoém 1. Nguoc lai, nhitng trudng hop c6 diém sé
phan loai dwong cho biét ching thugc vé nhom 2. Nhiing truong hop phan nhém
nham duoc ghi chii bang ddu hoa thi (**) & nhom dy doan (Predicted Group).

Ndi dung 6. Két qua phan loai (Classification Results). Phan nay cung cap
nhirng thong tin vé két qua phan loai cac trueong hop vao tirng nhém (Bang 8.11).
Bang 8.11. Két qua phan loai (Classification Results).

Predicted Group Membership

Nhoém 1 > Total
1 110 110
Count
Original 2 102 102
% 1 100,0 100
2 100,0 100
Count » 110 110
Cross-validated® 2 102 102
% 1 100,0 100
2 100,0 100

a. 100.0% of original grouped cases correctly classified.
b. 100.0% of cross-validated grouped cases correctly classified.

Mtrc d6 thanh cbng cua viéc phan loai cac truong hop vao tirng nhom dugc
théng ké bang tan sd va ty 18 phan trim. Bang 8.11 bao gom két qua phan loai ban
dau (Original Classification Results) va két qua kiém dinh d6 chinh xac ciia phan
loai ban dau (Cross-validated Grouped Cases). O vi du nay c6 212 cdy ban dau
dugce dua vao phan loai; trong d6 nhom 1 13 110 cy, con nhom 2 13 102 cay. Két
qua dir doan cho biét tat ca 110 cdy duoc phan loai ban dau vao nhdm 1 1a chinh xac
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(100%). Tuong tu, tat ca 102 Cay dugc phan loai ban dau vao nhém 2 1a chinh xac
(100%). Bang nay cting bao cao sd cay va ty 18 phan trim sb cdy da phan loai nhim
vao mdi nhom. Két qua con bao cdo ty 16 phan tram trung binh d6i v6i nhitng cay
dugc phén loai dung. O vi du nay tat ca 212 cay (100%) da duoc phan loai diing vao
hai nhom.

8.3. Phan tich md hinh nhiéu nhém
8.3.1. Khai quat chung vé mé hinh nhiéu nhém

Nhimg mo hinh I6n hon hai nhom 1a nhimg mé hinh nhiéu nhom. Cac budc
xay dung mo hinh nhi€u nhém ciling twong ty nhu moé hinh hai nhom. M6 hinh
nhi€u nhém c¢6 thé duge xay dung theo mot so phuong phap khac nhau. Mot mo
hinh c6 th§ bao gom nhiéu bién du doan hodc chi bao gom mét vai bién dy doan. To
hop cac bién du doan khac nhau cho két qua phan loai khac nhau.
8.3.2. Ung dung mo hinh nhiéu nhom trong phan cap sinh truéng ciy ring

Gia str muc tiéu nghién ctru 13 xac dinh ham dé phan chia 5 cap sinh truong
tir I — V ddi voi nhimg c@y hinh thanh ring Pude (Rhizophora apiculata) trong 16
tu6i. Cac bién dy tuyén duoc st dung dé phan chia 5 cap sinh truong la D, H va Dr.
Dic trung thong ké cua rimg Pudc trdng 16 tudi dugc ghi lai ¢ Bang 8.12.

, Trong truong hop nay, ham lap nhom cé dang nhu Ham 8.9; trong do k =5
cap sinh trudng doi véi nhitng cdy hinh thanh rung Pudc 16 tudi.
Z® = 2*D® + p*H® + C*DT(k) (8.9)
Bang 8.12. Pic trung thong ké D, H va Dy ctia rimg Pudce trong 16 tudi.
Chi tiéu N (cdy/ha) Trungbinh  Min Max 1S CV%

(1) (2) (3) (4) (5) (6) (7)
D (cm) 970 16,0 45 320 42 264
H (m) 970 14,5 30 305 42 288
D (m) 970 7.9 30 127 18 2272

g (m%/cay) 970 00215 0,016 0,0804 0,0111 51,7
V (m%/cay) 970 01782  0,0024 1,2265 0,1460 81,9

Trude khi xay dung ham phan loai 5 cip sinh trudng, chung ta can phai phan
chia so bd cac ciy cua rimg Pudc 16 tudi vao 5 cip sinh truong khac nhau. Pay 1a
diéu kién dé xay dung ham phan loai nhom. Pé thoa man diéu kién nay, chon 1 bién
phan loai nao d6 va phan chia bién nay thanh 5 nhom. Gia sir chon bién D. Trudc
hét x4c dinh cac thong ké mé ta D. Ké dén xac dinh cac hé s D (KD) bang cach
chia D cua tung céy (Dj) cho D binh quan (Dgg) cua rung Budc 16 tudi, nghia 1a
KD; = Di/Dgy. Tlep theo phan chia chi s6 KD thanh 5 cép khac nhau. O vi du nay,
nhiing cay thudc cap sinh truéng I — V duge phéan chia so bd theo 5 nhém hé sé KD
tuong ll’l'lg nhu sau: KD| > 13 KD“ = 11 13 KD||| —09 1,1, KD|V—07 09
KDy < 0,7. Sau d6 ma héa cac hé sb nay bang cac sé nguyén lién tuc tir 1 - 5.
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Sau d6 thuc hién cac budc xay dung va kiém dinh 5 ham phan cép sinh
truong ddi v6i nhitng cay hinh thanh rimg Pude 16 tudi. Cac budce xt Iy & day ciing
dugc thyc hién twong tw nhu mo hinh 2 nhém ¢ Muc 8.2. Két qua xay dung ham
phan loai 5 cap sinh truéng ddi véi nhitng cdy hinh thanh rung Puoc 16 tudi dugc
ghi lai tom tit & Bang 8.13 — 8.21. Bang 8.13 cho biét két qua kiém dinh ngang
bang D, H va Dy giita 5 cép sinh truong ddi v6i nhitng cdy hinh thanh rimg Pudc
16 tudi bang tiéu chuan Wilks' Lambda. Khi P < 0,01, thi D, H va Dy khac nhau rd
rét gifta 5 cAp sinh trudng. O vi du ndy, gia tri P < 0,01, nén D, H va Dt khic nhau
rd rét gifta 5 cAp sinh trudng.

Biang 8.13. Kiém dinh ngang bépg D, H va D giita 5 cip sinh truong ddi voi nhimng
cay hinh thanh rirng Pudc 16 tudi.

Bién dy doan Wilks' Lambda F dfl df2 Sig.
) (2) 3 4) (5) (6)
D 0,083 2666,6 4 965 0,000
H 0,082 2700,8 4 965 0,000
Dy 0,922 20,281 4 965 0,000

Bang 8.14 va 8.15 bao cao két qua kiém dinh cic bién & trong ham phan loai
va nhiing bién bi loai ra khoi ham phan loai bﬁng tiéu chuin do chat nhan
(Tolerance) va tiéu chuin Fg, (F to Remoe). Khi mot bién duoc sir dung dé xay
dung ham phan loai, thi 6 chip nhan phai cao, cao nhat 1a 1,0. O vi du ny, ba bién
D, H va Dy déu nhan Tolerance rat cao, nén ching duoc chap nhan dé xay dung
ham phan loai cap sinh truéng. Theo tiéu chuan Fg, (F to Remoe), mot bién dugc st
dung dé xay dung ham phan loai khi Fg, > 2,71 (Mac dinh). O vi du nay, vi Fg, clia
ba bién D, H va Dy déu 16n hon 2,71, nén chung dugc chap nhan dé xay duyng ham
phan loai cép sinh truong.

Bang 8.14. Kiém dinh céc bién ¢ trong mé hinh.

Step Tolerance Fto Remove Min. D Squared Between Groups
1) (2) 3) (4) ()
1 H 1,000 2700,834
2 H 0,975 2624,548 0,010 1and?2
Dy 0,975 13,728 3,815 2and 3
3 H 0,127 15,423 3,882 2and 3
D+ 0,975 13,318 3,857 2and 3
D 0,128 12,090 4,133 2and 3

Béng 8.16 14 két qua kiém dinh y nghia cta cac ham phan loai hop quy. Céc
ham nay do sy khac nhau gitra cdc nhom. Gia dinh Hy: Cac nhéom 1a khac nhau. Sy
khac nhau giita cac nhém duogc do bang ty 1é (%) phuong sai cong don. Ty 18 nay
cang gan 100% thi cac nhom cang khac nhau. O vi du ndy, phan trim phuong sai
cong doén (Cumulative %) ¢ cac ham déu gan bang 100%, nén cac nhom la khac
nhau.
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Bang 8.15. Kiém dinh cic bién khong & trong mé hinh.
Step Tolerance Min. Tolerance Fto Enter  Min. D Squared  Between Groups
€)) ) 3) (4) () (6)
D

1,000 1,000 2666,588 3,601 2and 3

0 H 1,000 1,000 2700,834 3,815 2and 3
Dy 1,000 1,000 20,281 ,010 land 2

1 D 0128 0,128 12,496 3,857 2and 3
Dr 0,975 0,975 13,728 4,133 2and 3

2 D 0,128 0,127 12,090 4,173 2and 3

Bang 8.16. Kiém dinh ¥ nghia cta cac ham phén loai hop quy.
Function Eigenvalue % of Variance Cumulative % Canonical Correlation

1) ) ©) (4) (5)
1 11,618 99,4 99,4 0,960
2 0,058° 0,5 99,9 0,235
3 0,014° 0,1 100,0 0,116

Bang 8.17. Cac hé s cta cac ham phan loai hop quy chuan hoa.
iy , Function
Bién du doan 1 > 3
1) 2) (), (4)
D 0,457 -1,379 2,394
H 0,570 1,321 -2,408
Dy -0,099 0,862 0,522

Bang 8.17 1a cac hé s6 cua cac ham phan loai hop quy chuan hoa. Chung
dugc sir dung dé xac dinh y nghia cua cac bién du doan trong ham phan loai. Y
nghia ctia cac bién du doan duoc xac dinh theo do 16n tuyét d6i cuia cac hé sb cua
cac ham phan loai hop quy chuan héa. O vi du nay, bién D va H c6 ¥ nghia 16n
trong ham phan loai thr 3, con bién Dt ¢6 ¥ nghia 16n trong ham phan loai thir 2.

Bang 8.18 1a cac hé sd cua cac ham phan loai hop quy chua chuin hoa.
Chung duoc str dung dé tinh diém s6 cia cac truong hop dua vao phan loai. Piém
s6 trung binh cua cac ham hop quy ¢ trung tim 5 nhom duoc béo cédo & Bang 8.19.
Bang 8.18. Cac hé s cta cac ham phan loai hop quy chwa chudn hoa.

Function

Bién du doan 1 5 3
(1) 2 3) (4)
D 0,376 -1,133 1,966
H 0,476 1,103 -2,011
D+ -0,059 ,510 0,309

(Constant) -12,447 -1906 -4,742
Béang 8.20 1a cac ham phén loai 5 cip sinh truong dbi voi nhimng cdy hinh
thanh rung Pude 16 tudi. Cac ham nay duoc str dung d€ phan loai cac cay moi vao
5 cap sinh truong doi véi nhitng cay hinh thanh rung Pudc 16 tudi.
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Bang 8.19. Diém sb trung binh cua cac ham hop quy ¢ trung tam 5 cAp sinh trudng
doi voi nhitng cay hinh thanh rirng Pudc 16 tudi.

I . Function

Cap sinh trudong 1 > 3
) ) (©) (4)
1 6,207 -0,360 0,119
2 1,994 -0,004 -0,238
3 -0,012 0,248 0,054
4 -2,615 -0,072 0,044
5 -6,113  -0,342 -0,009

Bang 8.20. Cac ham phan loai 5 cap sinh trudng ddi v6i nhimg cdy hinh thanh rimg
Dudc 16 tudi.

Céac ham phan cp sinh truong

Bién du doan

2 3 4 5
1) (2) 3) (4) ©) (6)
D 14,816 12,128 11,663 11,027 9,916
H 0,808  -0,086 -1351 -2,922 -4,781
D+ 1,193 1512 1,849 1,836 1,888

(Constant)  -188,590 -117,833 -92,745 -63,078 -34,091

Bang 8.21. Két qua phan loai 5 cap sinh trudong d6i voi nhitng ciy hinh thanh ring
Dudc 16 tudi.

Cép sinh Predicted Group Membership

trudng 1 2 3 4 5 Tong
Count 1 127 127
2 176 176
3 30 369 399
4 144 144
5 124 124
% 1 100.0 100.0
2 100.0 100.0
3 75 925 100.0
4 100.0 100.0
5 100.0 100.0

Tir két qua phan loai & Bang 8.21 cho thay, tong s6 970 céy (100%) dugc sir
dung dé xay dung ham phan loai 5 cap cép sinh truong; trong d6 nhimg cay thudc
cap sinh truong 1, 2, 4 va 5 dugc phén loai chinh xac 100%. Trai lai, tong sb ciy
cap sinh trudng 3 1a 399 cay; trong d6 sb cdy dugc phan loai chinh xac la 369
(92,5%), con lai 30 cdy (7,5%) bi phan loai nhdm sang cép sinh truong 2. Trung
binh 96,9% (205 ciy) s6 cay hinh thanh rimg Pudc 16 tudi duge phan loai chinh
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X4c vao 5 cap sinh truong. Didu d6 chimg t6 cac ham ¢ Bang 5.20 duogc sir dung dé
phan loai 5 cip sinh trudng dbi v6i nhitng cdy hinh thanh rimg Pude 16 tudi. Bang
8.22 dan vi dy mg dung 5 ham phan loai dé xac dinh 5 cdy méi thudc vé nhiing cip
sinh truéng khac nhau.

Bang 8.22. Phan cép sinh trudng ddi véi 5 cdy moi theo 5 ham 14p nhom.

Kich thudc than cay Piém s6 theo ham: c
Cap sinh truong
D(cm) H(@m) Dy(m) 1 2 3 4 5

(1) (2) (3) 4 6 ® @) (9)
21,0 19,5 7,2 147 146 139 125 95 1

20,5 19,0 6,3 138 139 132 119 90 2

15,0 13,5 6,1 52 72 75 74 62 3

12,0 10,5 4,6 3 34 42 47 43 4

4,5 3,0 53 -113 55 -35 -12 6 5

Bang 8.23. Pic trung cla ring Pudc 16 tudi theo 5 cap sinh truong thyc té. Pon vi
tinh: 1 ha.
Cép sinh N D H G M N G M  Bquan
truong  (cdy) (cm) (M) (M) (M) (%) (%) (%) (%)
(1) 2 B & 6) (6 m @ (9 (0
I 127 23,4 21,7 55 611 13,1 265 354 25,0
1 176 183 169 46 39,2 18,1 22,2 22,7 21,0
" 399 160 145 80 587 411 385 339 379
vV 144 129 114 19 10,9 14,8 91 6,3 10,1
Vv 124 87 72 08 3,0 12,8 3,7 1,7 6,1
Tongsd 970 159 14,4 20,9 1728 1000 100,0 100,0 100,0

Bang 8.24. Pic trung cta rimg Pudc 16 tudi theo 5 cap sinh truong duoc phan loai
theo nhirng ham 1ap nhém. Pon vi tinh: 1 ha.
Cép sinh N D H G M N G M  Bquan
truong  (cay) (cm) (m) (M) (M) (%) (%) (%) (%)
(1) 2 B & 6 ® m ® (¢ 10
I 127 234 21,7 55 611 131 265 354 250
] 2060 18,2 16,7 53 448 212 256 259 243
Il 369 159 144 73 530 380 351 30,7 346
Vv 144 129 114 19 109 148 91 6,3 10,1
\/ 124 87 72 08 3,0 128 37 1,7 6,1
Téongsé 970 158 14,3 20,9 1728 1000 1000 100,0 100,0

Dic trung cta rimg Pudce 16 tudi theo 5 cp sinh truéng thue t€ dugc ghi lai
tuong ing ¢ Bang 8.23. Bang 8.24 dan dac trung cua rung Pudc 16 tuoi theo 5 cap
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sinh truéng duoc phan loai theo nhitng ham & Bang 8.20. So sanh sb liéu ¢ Bang
8.23 va 8.24 cho thay két qua phan cép sinh truong thuc t& va du doan ddi voi
hhirng cay hinh thanh rimg Pudc 16 tudi 1a tuong tu nhu nhau. Sy khac biét chi xdy
ra & cap sinh truong III; trong d6 ty 18 sai khac binh quan vé sb cay la 7,5%. Diéu
d6 chimg to cac ham & Bang 5.20 duogc sir dung dé phan loai 5 cép sinh truéng doi
v6i nhitng cay hinh thanh rimg Pude 16 tudi.
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Chuong 9
CHI SO MAT PQ QUAN THU VA CHI SO CANH TRANH

9.1. Chi s6 mat dé quin thu
9.1.1. Mt s6 chi s6 mat dd quan thu

Theo McArdle (1930; Dan theo Curtis, 1982), khi biét mat do chuan (Nyor,
cay/ha) cua quan thu ¢ nhitng A khac nhau trén lap dia nhat dinh (SI), thi chi s6 mat
d6 (N%) la ty I¢ gitra mat do quén thu (N, cay/ha) va Nnor (CONng thic 9.1a). Khi
biét tiét dién ngang chuan cua quan thu (Ger, m*/ha) & nhitng A khac nhau trén lap
dia nhat dinh (SI), thi chi s6 mat do6 (N%) la ty Ié gitta G cua quan thu va Gy
(Cdng thtrc 9.1b).

N% = (N/Npor)*100 (9.1a)
N% = (G/Gor)*100 (9.1b)

Theo Réineke (1933), khi rimg khép tan hoan toan, thi méi quan hé giita mat
do o dang Log(N) va duong kinh trung binh quan phuong (Dggr, Cm) & dang
Log(Dor) €6 dang ham tuyén tinh véi do dbc bang -1,605 (Cong thic 9.2). D6 thi
mo ta quan h¢ gitta Log(N) v6i Log(Dor) duoc goi 1a duong mat do 16n nhat.

Log(N) =-1,605*Log(Dgf) + k (9.2)

Chi s6 mat d6 quan thy (SDI) 1a thudc do mat do twong ddi dé chuyén doi
mat do quan thu hién tai thanh mat do quén thu & kich thuéce co s6. Quan thy co s6
la quan thu €06 Dgr = 25 cm. Mat d¢ cua quan thu co so duoc got la chi s6 SDL. Chi
s6 SDI & mdi tudi (A, ndm) cua rung trong thuan loai dong tudi 1a mat do trung binh
dugc xac dinh tr méi quan hé gitra s6 cay va kich thuéc cay binh quan. Tai quan
thu co s, Log(N) = Log(SDI). Theo dinh nghia nay, chi sé6 SDI dugc xac dinh theo
ham 9.3.

Log(SDI) = -1,605*Log(Dqg) + k (9.3)

Tir ham 9.3, k = Log(SDI) + 1,605. Thay thé gia tri k vao ham 9.2, ta co:

Log(N) = Log(SDI) + 1,605 - 1.605Log(Dgf) (9.4)

Chi s6 SDI ciia quan thu nhét dinh duoc xac dinh theo cong thuc 9.5.

SDI = N*(25/Dgp)™-1,605 = N*(Dqe/25)"1,605 (9.5)

Chi sb SDI ‘ciia mot quan thu nhét dinh cé thé 50 sanh véi chi 36 SDlyax. Chi
5O SDlyax |a chi s6 mat do cua quan thu ma cac cay gb khong giao tan véi ‘nhau hay
tan phat trién ty do. Trong quan thy nay, tang truong D, G va Vcua cay gd va quan
thu Ia I6n nhat. Can cir vao ty 1é (%) giita chi sb SDI cua quan thy nghién ctru voi
chi s6 SDIyay, mirc dd canh tranh giita nhirng cay go trong mét quan thu nghién ctru
dugc danh gia theo 4 muc (Bang 9.1).
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Bang 9.1. Banh gia mirc do canh tranh gita cac cdy go trong quan thu.

TT (SDI/SDlya)% Cép mat do Mirc do canh tranh
(1) (2) 3 (4)
1 0-24 Thap Khong canh tranh gitra cac cay. Tang
truong manh nhat.
2 25-34 Trung binh  Canh tranh gitra c&c cay ¢ muc trung binh.
Tang truong trung binh.
2 35-55 Cao Cay gd che phu hoan toan mit dat. Canh

tranh manh gitra cac cay gé. Ting trudng
cao Vvé thé tich than.

3 > 56 Rét cao Cay gd che phu hoan toan mit dat. Canh
tranh rat manh gitra cac cdy gd. Ting
treong giam manh. Nhiéu cay bi dao thai.

Flewelling (1979; Dan theo Curtis, 1982) cho rang thé tich than cay binh
quan (V, rT]3/ha) dugc xac dinh gan dung theo ham 9.6a; trong d6 N (cay/ha) la mat
do cua quan thy, a la tham s0. Moi quan hé gitra Ln(V) va Ln(N) la mot duong
thang vai do doc bang -3/2 (Ham 9.6b).

V = a*N¥? (9.6a)

Ln(V) = Ln(a) - 3/2*Ln(N) (9.6b)

Khi biét Ny trén 1ap dia nhat dinh, thi Ln(Vg,) va chi sd RDI cta quén thy
duogc xac dinh twong tng theo ham 9.6¢ va 9.6d; trong d6 N1t = mat d¢ thuec te.

Ln(Vmax) = Ln(a) - 3/2*LN(Npax) (9.6¢)

RDI = (NTT/NMaX) (96d)

~ Curtis (1982) xac dinh chi s6 mat do (RD) ¢ moi tudi (A, nim) Cia rimg
trong thuan loai dong tuoi theo cong thuc 9.7; trong d6 N, G va Dqgr la mat d9, tiét

dién ngang va duong kinh trung binh quan phuong.
G

RD = (9.7a)
7854*N*D o2
D - (0:0000 85D o"2) (0.75)
\/ QF

Khi quan thu dat dén tudi A va Dq, thi s6 cdy tia thua (Ny, cay/ha) dugc
xac dinh theo cong thuc 9.8. Sb cay con lai sau tia thua (Ngrr, cAy/ha) dugc Xac
dinh theo cdng thtc 9.9; trong d6 Nyc 12 mat d6 quan thu hién con tai tudi A, N1t 12
s6 cay tia thua tai tudi A.

RD
Nrr = (0,00007854*Do"3/2) (9.8)
Nstr = Npc - Nrr (9.9)

Theo Curtis (1982), dé rimg che phu kin I4p dia va phat trién binh thuong,
mat do sau tia thua (Ns77) duoc de¢ lai khoang 50% so v6i chi s6 RD. Gi(’yj han dudi
cua tia thua bang 35% so véi chi so0 RD. Gidi han dudi dugc sir dung dé dam bao
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mat do quan thu khong tiép tuc bi suy giam va lap dia khong bi bo trong. Tir d6, sb
cay dé lai nudi dudng sau tia thua (Nstr, cdy/ha) dugc xac dinh theo cong thac 9.10.

(0,5*RD)
Nistrso) = "(0,00007854*Dor72) (9.103)
___ (0,35*RD)
Nistras9 =7(0,00007854*Dor"312) (9.100)

Céc sb do chi sb mat do quan thy cta McArdle (N% va G%), Flewelling
(RDI) va Curtis (RD) ¢c6 moi quan hé véi nhau (Bang 9.2).

Schréder va Gadow (1999) dé xuit chi s6 khong gian twong ddi (RS) cua
quan thu. D6 1a ty I€ gilra khoang cach trung binh cua céc cay véi Chleu cao cua
nhirng cay wu thé va ddng wu thé (Hp). Chi s6 RS cua quan thu & tudi A dugc Xac
dinh theo cong thirc 9.11. O ¢6ng thirc 9.11, Na 12 mat 6 quan thu & tudi A; Hpa =
chiéu cao cua nhimg cdy wu thé va ddng wu thé & tudi A.

RS = 1/10000/N

Hox (9.11)

Bang 9.2. Mdi quan hé gitta cac s6 do chi s6 mat do quan thu.

Mat do N% va G% RDI RD

(1) (2) 3 (4)
Lén nhat 150 1,0 100
Chuan 100 0,67 70
Mat d6 tia thua trén 75-80 0,5 50
Mat d6 tia thua dudi 50 - 60 0,3 35
Khép tan 30 0,15 20

N% va G% = McArdle (1930); RDI = Flewelling (1979); RD = Curtis (1982).

Chi sb RS dugc sir dung dé xac dinh mat d6 quan thu suy giam 6n dinh theo
A. Gia tri RS bién d6i theo A duéi dang dudng cong hinh chir J ngugc. Vi thé, ham
RS = f(A) dugc udc lugng theo ham ham 9.12; trong d6 m 1a gidi han trén cua RS,
b 1a hing s6, ¢ 1a tham sb hinh dang. Chi s6 RS 1a can ctr d@é xac dinh bién dong
khong gian sinh trudng cua quan thu theo nhitng cip A khéac nhau.

RS = m*exp(b*A”-c) (9.12)

Tia thua rimg duoc xac dinh theo bién d6 gitta ranh gigi trén cua chi sé6 RS
(RSy) va ranh gioi dudi caa chi s RS (RSL). Chi s6 RSy duoc thiét lap dé dam bao
cho quan thu sinh trudng binh thuong va dién tich tan che phu kin lap dia. Chi sb
RS, dugc thiét 1ap dé xac dinh mat d6 quan thu & muc cao nhat.

Néu gitr mat do quan thu sau tia thua & chi sé RSy, thi s6 cay con lai sau tia
thua tai tudi A (Nya) duoc xac dinh theo cong thirc 9.13; trong d6 Hpa 12 chiéu cao
cua nhitng cay vu thé va dong uu thé tai tudi A. Trong truong hop nay, tudi tia thua
(Aty, nam) duoc xac dinh theo cdng thic 9.14; trong d6 tham s m, b va ¢ tuong
g 1a tham s6 tiém can, do déc va tham sb hinh dang & ham 9.12.
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10.000
N = RS, A" Hon)” (6.13)
Aqy = (b/Ln(RSy/m))A(L/c) (9.14)

Néu _gir mat do quan thu sau tia thua & chi s6 RS, thi sé cay con lai sau tia
thua tai tudi A (N_a, nim) duoc xac dinh theo cong thic 9.15. Trong trudng hop
nay, tudi tia thua (A7, nim) dugc xac dinh theo cong thuc 9.16; trong d6 tham so
m, b va ¢ twong ¢ng 1a tham s tiém c4n, do doc va tham sé hinh dang ¢ ham 9.12.

10.000
LA = (RS Hon)’ (.15)
Ar, = (b/Ln(RS/m))™(1/c) (9.16)

Bién do mat do tir Nya dén N 12 sb cay tia thua tai tudi A. Day la diéu kién
dam bao cho ring sinh truéng binh thuong va lap dia dugc phu kin.

9.1.2. Ung dung chi s6 mat do trong tia thwa rirng

Pé ung dung cac chi s6 mat do quan thu trong nudi dudng rimg, Bang 9.3
dan vi dy vé dic trung ciia rimg Pudc trong tir 11 — 25 tudi tai khu vuc Bién Tay
thugc tinh Ca Mau. O Bang 9.3, cot 1 1a tudi rimg (A, nam); ¢t 2 13 mat do hién
con tai tudi A (Npc, ciy/ha); cot 3 va 4 tuong ing la duong kinh binh quén (Dgg,
cm) va duong kinh binh quan quan phuong tai tudi A (Dqr, cm); cot 5 1a chleu cao
cazy vu thé va dong uu thé tai tudi A (Hp, cm); cot 6 1a tiét dién ngang tai tu01 A (G,

m®/ha); cot 7 1a chi s6 mat do theo phwong phap cua Curtis (1982). Tir sb liéu cta
Bang 9.3, bang phan tich hoi quy, xac dinh dugc cac ham ude lugng N = f(A), Dor
= f(A), Hp = f(A) va G = f(A) dbi véi rung Dude tir 11 - 25 tu6i (Ham 9.17 — 9.20)
(Bang 9.4). Cac ham nay dugc st dung dé udc luong va du doan N, Dor, Hp va G
cua rung Pudec.

Bang 9.3. Mot s dic trung cua rimg Pudc trong tir 11 — 25 tudi tai khu vuce Bién
Tay thudc tinh Ca Mau.

A(mam) Hp(m) N (cay/ha) Dgq(cm) Dge(cm) G (m?/ha) RD

wm O () @ ©) © @
11 9,4 4300 7,9 8,1 21,5 7,6
13 11,0 3800 9,5 9,7 29,6 9,4
15 12,7 3517 11,9 12,2 38,7 11,2
17 14,2 3158 13,5 13,7 48,5 13,1
19 15,7 3058 15,1 15,3 58,6 14,8
21 17,0 2958 17,3 17,5 68,8 16,5
23 18,2 2775 19,2 19,3 78,7 18,0
25 19,3 2575 20,5 20,7 88,1 19,3
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Bang 9.4a. Xay dung ham udc luong nhitng dic trung ca rimg Pudce trong tir 11 —

25 tuoi.
Nhan to Ham udce luong:
1) (2)
Mat do N = 7840,48*exp(-0,125984*A) + 2313,66 (9.17)
Hp Hp = 31,0458*exp(-2,9956*exp(-0,0949086*A)) (9.18)
Dor Dok = 33,6686*exp(-3,33995*exp(-0,0773241*A)) (9.19)
G G = 161,675*exp(-5,19275*exp(-0,0859168*A)) (9.20)

Bang 9.4b. Tuong quan va sai léch cua nhimg ham udc luong nhiing déc trung cua
rirng Pudc trong tir 11 — 25 tuoi.

Nhantd  r (%) +S MAE MAPE SSE
) (2) 3 (4) 5) (6)
Mat do 98,9 68,2 47,3 1,5 23267 (9.17)
Ho 99,2 0,46 0,31 1,8 1,1 (9.18)
Dor 99,7 0,25 0,15 1,2 0,32 (9.19)
G 99,2 2,5 1,88 3,7 30,7 (9.20)

(a) Xdc dinh chi s6 mdt do cia rimg Puéc theo phwong phap cua Relneke
(1933). Nhitng tinh toan tir ham 9.17 cho thy Dor =25 cm xuat hién tai cap tudi
31. Tai cp tudi 31 va Dqr = 25 cm, theo cong thirc 9.5, xac dinh dugc chi s6 SDI
d6i v6i rimg Pude tir 11 — 31 tudi (Bang 9.5; Hinh 9.1). Gi61 han tor duong méat do
hién tai va duong mat d6 co sé 13 s6 cdy tia thua tiém ning.

Bang 9.5. Chi s6 mat do cua ring Pudc duoc xac dinh theo phwong phap cua

Réineke (1933).

A (nam) N (cdy) Dg(cm) SDI (cay)
1) @) 3) (4)
11 4275 8,1 700
13 3838 9,9 868
15 3498 11,8 1048
17 3235 13,7 1232
19 3029 15,6 1421
21 2870 17,4 1604
23 2746 19,2 1798
25 2650 20,8 1973
27 2575 22,3 2143
29 2517 23,6 2295
31 2471 24,8 2440
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Hinh 9.1. D) thi biéu dién mat do hién con va mat do tai tudi co sé cla
rung Dudc dugce xac dinh theo phuong phap ctia Réineke (1933).

(b) Xdc dinh chi sé mdt do cia rieng Pudc trong theo phwong phdp cia
Curtis (1982). Trudc hét, tir chi s6 RD & Bang 9.3, xdy dung ham udc lugng RD =
f(A) (Ham 9.21). Sai léch cua ham nay rat nho (MAPE < 0,6%) la vi chi sé RD
duoc udce luong tir ham Dgr = f(A) va ham G = f(A).

RD = 104,665*exp(-9,69013*A*-0,543315) (9.21)
r? = 99,96%; S = +0,09; MAE = 0,06; MAPE = 0,6%.

K& dén thay the A vao ham 9.21 dé xéc dinh chi s6 RD cua rimg Dudc tir 11
— 25 tudi (Bang 9.6). Tir do cho thay, chi so RD cua rung Dudce gia tang dan tir tudi
11 (RD = 7,5) dén tuoi 15 (RD = 11,3) va tudi 25 (RD = 19,4).

Tiép theo, tir cong thuc 9.8, xdc dinh mat do cua rung Pudc dé lai nudi
dudng & gidi han dudi twong tng voi 0,35*RD va gidi han trén tuong Gng voi
0,5*RD (Bang 9.7). O Bang 9.7, c6t 2 1a mat d6 hién con (Nyc, Cay/ha) tai tudi 11 —
25; cOt 4 va 5 tuwong tng 1a Nstt va cuong do tia thua (N%) & gidi han dudi tuong
ung voi 0,35*RD; ¢6t 6 va 7 tuong ing la Nsrt va N% tia thua ¢ gidi han trén
tuong Gng véi 0,5*RD. T s6 liéu & Bang 9.7 cho thdy, néu mong mudn ring Pudc
tir tudi 11 — 25 sinh truéng binh thudng va lap dia khong bi bo tréng, thi mat 6 dé
lai sau tia thua (Nsr7) bang 0,35*RD. Theo d6, mat do hién tai cua ring Pudc tir
tu01 11— 25 dugc dleu chinh bang phuong phap tia thua v6i cuong do khoang 65%
so cdy hién con & mdi tudi. Néu mong muén rung Pudc tur tudi 11 — 25 sinh trudng
t6t va che phu kin lap dia, thi Ngrr bang 0,5*RD. Theo d6, mat d6 hién tai cua rimg
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DPudc tir tudi 11 — 25 duoc diéu chinh bang phuong phép tia thua véi cuong do
khoang 30% so véi s6 cdy hién con & mdi tudi.

Bang 9.6. Chi s6 mat do cua rimg Pudc trong tir 11 — 25 tudi duoc xac dinh theo
phuong phap cua Curtis (1982).

Khoang tin cay 95%

A (ném) RD(Th ¢ té) RD(U 1 ) +S
e té de luong RD(candwsiy  RD(can trén)

1) (2) 3) (4) ®) (6)
11 7.6 75 0,123 7.3 7.7
13 9,4 9,4 0,106 9,3 9,6
15 11,2 11,3 0105 11,2 11,4
17 13,1 13,1 0,06 13,0 13,2
19 14,8 14,8 0106 147 14,9
21 16,5 16,4 0104 163 16,5
23 18,0 17,9 0106 178 18,1
25 19,3 19,4 0121 192 19,6

Bang 9.7. Mat do va cuong do tia thua ddi voi rimg Pudce tir 11 - 25 tudi duoc xéac
dinh theo phuong phap cua Curtis (1982).
NSTT theo RD35% NSTT theo RD50%

cay/ha N% cay/ha N%

A (nim) Nyc (Cay/ha) RD

1) (2) 3) (4) ®) (6) ()
11 4275 75 1458 659 2083 31,8
13 3838 9,4 1348 64,9 1926 29,7
15 3498 113 1241 645 1773 29,1
17 3235 131 1147 645 1639 29,1
19 3029 148 1068 64,7 1526 29,5
20 2945 156 1035 649 1478 29,7
23 2746 17,9 954 653 1362 30,5
25 2650 19,4 913 655 1305 31,1

(c) Xdc dinh chi s6 mdt do ciia rimg Pudc trong theo chi so khéng gian
twong doi cia Schroder va Gadow (1999). Trude hét, tir ham N = f(A) (Ham 9.17),
ham Hp = f(A) (Ham 9.18) va cong thirc 9.11, xac dinh duogc chi s RS d6i véi rimg
DPude tir 11 - 25 tudi (Bang 9.8). Hai gié tri RS va RSy duogc xéc dinh theo gidi han
trén va giéi han dudi cia ham N = f(A) va Hp = f(A). K& dén xay dung ham uéc
lwong RD = f(A) (Ham 9.22). Hé s6 r* = 99,81% va MAPE = 0,66%. Hé sb r* rat
cao va MAPE rat nho 1a vi chi s6 RS duoc uéce lugng tir ham N = f(A) va ham Hp =
f(A).
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Bang 9.8. Chi s6 khong gian twrong d6i cua rimg Pudc trdng tir 11 - 25 tudi.

A(nam)  Hp (M) N (cay/ha) RS, RS RSy
(1) (2) (3) (4) (5) (6)
11 10,8 4275 0,138 0,141 0,143
13 13,0 3838 0,123 0,124 0,126
15 15,1 3498 0,111 0,112 0,114
17 17,1 3235 0,102 0,103 0,105
19 19,0 3029 0,096 0,096 0,098
21 19,8 2945 0,090 0,093 0,092
23 221 2746 0,085 0,086 0,088
25 235 2650 0,081 0,083 0,085
RS = 0,0233755*exp(4,99083*A%-0,42687) (9.22)

r* = 99,81%; S = +0,001; MAE = 0,0006; MAPE = 0,66%.

Ham RS = f(A) ¢ can dudi (RS,) va can trén (RSy) twong tng c6 dang nhu
Ham 9.23 va 9.24.

RS, = 0,0111045*exp(5,04248*A"-0,289169) (9.23)
= 99,97%; S = +0,0004; MAE = 0,0002; MAPE = 0,24%.
RSy = 0,0237387*exp(4,98636*A%-0,426554) (9.24)

r* = 99,94%; S = +0,0005; MAE = 0,0003; MAPE = 0,36%.

Tiép theo, thay thé A vao ham 9.22 - 9.24 dé xac dinh chi s0 RS, RSy va RS,
cua ring Budc tu 11 — 25 tuoi (Bang 9.9).
Bang 9.9. Udc lugng chi s6 khong gian twong d6i cua rimg Pudc tir 11 - 25 tudi.
Chi s6 khong gian tuong d6i

A (nam) N (cay/ha) Hp (M)

RS. RS RSy
1) (2) 3) (4) ®) (6)
11 4275 10,8 0,138 0,140 0,143
13 3838 13,0 0,123 0,124 0,126
15 3498 15,1 0,111 0,112 0,114
17 3235 17,1 0,102 0,104 0,105
19 3029 19,0 0,096 0,097 0,098
21 2945 19,8 0,090 0,091 0,093
23 2746 22,1 0,085 0,087 0,088
25 2650 23,5 0,081 0,083 0,084
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Sau do, theo cong thirc 9.11 — 9.14, x4c dinh méat do cua rung Pudc & gioi
han dudi (N, cay/ha) va gidi han trén (Ny, cdy/ha), sb cdy tia thua (N17, cdy/ha) va
cuong do tia thua (N%) theo gioi han Ny va gioi han Ny (Bang 9.10). Ttr d6 cho
thy, néu mong muon rung Dudc tir tudi 11 — 25 sinh trudng binh thuong va lap dia
khong bi bo trong, thi mat dg ctua rung Pudc tr tudi 11 — 25 can duge diéu chinh
bang phuong phap tia thua v6i cuong do khoang 6% so voi mat do hién tai.

Bang 9.10. Mat d6 cua rung Pudc ¢ gioi han duodi (N, cay/ha) va gioi han trén
(Ny, cay/ha), s cdy tia thua (N7, ciy/ha) va cudng do tia thua theo N, va Ny.
Cuong do tia thua theo:

A (nam) N (Cay/ha) Ny(Cay/ha) Nyt(cay/ha)

N, % N %
1) (2) 3) (4) (5) (6)
11 4484 4205 279 6,2 6,6
13 3949 3737 213 5,4 5,7
15 3549 3368 181 5,1 5.4
17 3258 3090 168 5,1 5.4
19 3051 2886 165 5,4 5,7
21 3154 2972 182 5,8 6,1
23 2815 2639 176 6,3 6,7
25 2760 2573 187 6,8 7.3

9.2. Xac dinh sw canh tranh giira nhitng cay gé trong quan thu
9.2.1. Khai ni¢m vé sy canh tranh

Khi cac cay gd 1am vao tinh trang thiéu ngudn séng (nudc, anh sang, chat
khoéng), thi chiing canh tranh v&i nhau. Nhitng dau hiéu phan &nh su canh tranh
giira cac cay go la su che tan, sw dan xen h¢ ré va su phat thai cac doc chat. Mic do
che tan phu thuoc vao mat do quan thu (N, céy/ha), duong kinh tan (D, m) va di¢n
tich tan (St, m?). Mat d quan thu duoc st dung dé xac dinh murc d6 loi dung khong
gian séng va tinh toan mat do téi wu ddi véi quan thu trén nhitng lap dia khéac nhau.
Dién tich tan cay va duong kinh than cay c6 quan hé chat ché vai nhau. Vi thé, dién
tich tan va tiét dién ngang than ctia mdi loai cdy gd phan anh muic do canh tranh
giita n6 v6i nhing loai cay gd khac trén mot lap dia nhat dinh. Hai chi tiéu nay ciing
duoc str dung dé danh gia mac do xam chiém lap dia cia cac loai cdy gd va ring &
nhimng tudi va lap dia khac nhau. Phan tich anh huéng cia mirc 6 canh tranh dén
ting trudng cia cac loai cay gb 1a co sd khoa hoc dé xay dung cac nhimg phuong
thirc nudi dudng va khai thac ring.

9.2.2. Chi s6 canh tranh giira cac cAy gb hinh thanh rirng

Cac nha sinh ;héi hoc va 1am hoc thuong biéu thi sy canh tranh giira céc cay
go trong quan thu bang chi so canh tranh (Cl = Competition Index). Muc do canh
tranh gitra cac cay go phan &nh mirc do xam chiém lap dia ctia ching. Mtrc 49 xam
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chiém lap dia thuong duoc danh gia theo mic do che pha mat dat cua gdc cay va
dién tich hinh chi€u theo chiéu nam ngang cua tan cay ¢ cac tudi khac nhau.

Glover va Hool (1979; Dién theo Daniel, 1986) da xac dinh chi s6 Cl cua mdi
loai cay go theo ty I¢ Djj va Dgq (Cong thire 9.25); trong d6 Dj; la duong kinh cua
cdy 1 thudc loai j, con Dgq la dudng kinh binh quén cua quén thy.

.: D
Cl; = Z‘%—”—” (9.25)
Bqg
Daniel va ctv (1986) da xac dinh chi s6 CI caa mdi loai cay gd theo ty 1€ YIJ
va Ypgq (Cong thirc 9.26); trong do6 Yj; = H, G va di¢n tich tan (St, m %) cua cay i
thudc loai J.

Yi

Schroder va Gadow (1999) dé xuat chi s6 CI giita nhitng cdy gd trong quan
thu dugc tinh theo cong thic 9.27.

(1-[1- (BAL/G)])
RS

O cong thirc 9.27; BAL Ia tiét dién ngang cia cay gan nhat 16n hon cdy co
s0; G = tiét dién ngang cta nhing ciy trong 6 mau véi ban kinh bang 11 m; RS 1a
chi s6 khong gian tuong dbi. Cay co so 1a ciy duge chon dé xac dinh chi s6 CI. Chi
s6 RS la ty I¢ gitra khodng cach trung binh cua cac cay véi chiéu cao trung binh cua
quan thu (Hgg, m). Chi s6 RS cua quan thy dugc xac dinh theo cong thirc 9.28;
trong d6 N 1a mat 6 quan thu trén 6 mau.

~g = /10000/N (0.28)

Sy che phu cua hé thong tan cdy g trén mat dat phan anh kha ning xam
chiém 1ap dia rd rang nhét. Theo d6, chi sb canh tranh cta cac cay gd trong quan thy
c¢6 thé duoc danh gia theo chi s6 canh tranh tan (CCI = Crown Competition Index).
Déi véi rung thuén loai déng tudi, chi s6 CCl ¢ m6i Cép A la ty 1€ gitta St va dién
tich mat dét (Z, m%). Chi sé CCI cua cay tht i tai cip tudi A (CClia) dugce xac dinh
theo cong thuc 9.29; trong d6 Stia Ia dién tich tan cua cay thi i tai cap tudi A, con Z
= 10.000 m? hodc dién tich ctia 6 mau voi kich thudce nhat dinh. Chi tiéu Stia duoc
xac dinh theo dién tich hinh tron véi duong kinh bang Dria (Cong thac 9.30). Tong
dién tich tan cua rimg & mdi cip A (Sta, m*/ha) dugc xac dinh theo cong thuc 9.31;
trong d6 N va Dra tuong tng 1a mat do va duong kinh tan binh quan cta quan thu
tai cap tudi A.

Cl = (9.26)

Cl = (9.27)

S
CClip = % (9.29)
Stia = 0,7854*Drip’ (9.30)
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Sta = Na*(0,7854*D1A?) (9.31a)
Sta = Y Stia = .0,7854*Dr;s’ (9.31b)

Déi v6i rimg hdn loai khac tudi (tw nhién, nhan tao), chi s6 CCI cua cy thi i
thudc loai J (CCI,J) duoc xac dinh theo cong thu:c 9.32; trong d6 Sqii 1a dién tich tan
cua cay thu i thudc loai J, con Z = 10.000 m® hodc dién tich ciia 6 mau véi kich
thude nhat dinh. Chi tiéu Syj; duoc xéac dinh theo dién tich hinh tron vai duong kinh
bing Dr;; (Cong thic 9.33). Tong dién tich tan cua loai J (St;) dugc x4c dinh theo
cong thac 9.34; trong do n; la mat d cua loai J, con Dy la duong kinh tan cua cay
thir i thudce loai J.

Srij

cCly == (9.32)
Stij = 0,7854* Dy (9.33)
St = Y(i=1, m)(0,7854* D)) (9.34)

Chi s6 CCI c6 thé dugc tong hop theo cap D va cap H khac nhau. M6 hinh
udc lugng chi sé CCI theo cap D va cap H duoc mo ta bang ham 9.35; trong d6 Y =
cap D va cép H, N; = s6 cay trong & mdi cap D va cap H. Ba tham s6 a, b va ¢ duoc
xéac dinh bang phuong phap binh phuong nho nhat Sau d6 xay dyng bang va db thi
dé mo ta va so sanh chi s6 CCI theo cap D va cép D.

CCI; = a + b*N; + c*(N;*Y) + d*(N;*Y)? (9.35)
9.2.3. Phin tich chi s6 canh tranh tan ddi véi rirng trong thuan loai

Phan nay gi6i thiéu phuong phap phén tich chi s6 CCI ddi véi ring trong
thuan loai theo sb liéu tir rimg Pudc trong & tudi 18 va 20 nam tai khu vuc Blen
Tay thudc tinh Ca Mau. O day ¢6 2 cau hoi dit ra: (1) Chi s6 CCI thay d6i theo cip
A cua rimg Pudc nhu thé nao? (2) Trong mdt cdp A cua rimg Pudc, chi s CCI
thay doi theo cip H nhu thé nao? Pé tra 10i hai cau hoi nay, truéc hét thong ké N,
Dr, St va chi s6 CCI theo cdp A va cap H cua rimg Pude (Bang 9.11). Ké dén, dé
dé dang u6c lugng va su doan chi sé CCI theo cip A va cap H, tir s6 lidu ¢ Bang
9.11, xay dung cac ham chi s6 CCI = f(N, H) ddi véi ring Pudc trong ¢ tudi 18 va
20 (Ham 9.36 va 9.37; Bang 9.12). Sau d6 thay thé N va cap H vao 2 ham 9.36 va
9.37 dé xac dinh chi s6 CCl & cé4c cip H khac nhau ddi véi rimg Dudc ¢ tudi 18 va
20 (Bang 9.13 va 9.14; Hinh 9.2 va 9.3).

Déi véi rimg Pudce 18 tudi (Bang 9.13; Hinh 9.2), chi s6 CCI gia tang dan tir
cap H <8 m (CCI = 0,074 hay 3,8%) va dat cao nhat ¢ cap H = 12 m (CCI = 0,594
hay 30,1%); sau d6 giam dén cap H > 18 m (CCI = 0,187 hay 9,5%). H¢ thng tan
l4 cua rimg Dude 18 tudi che phu 1,97 lan dién tich mat dat. Tong dién tich tan cta
nhimng cdy thudc cac cap H < 12 m che pha hoan toan dién tich mat dat. So véi tong
chi s6 CCI (1,97 hay 100%), ty 1¢ canh tranh tan cua nhiing cay tir cap H = 8 m dén
cap H = 12 m 13 49,2% (CCI = 0,972), con lai nhitng cdy & cip H > 14 m 1a 50,8%
(CCl =1,0).

241



Bang 9.11. Phan b mat d6 va dién tich tan theo cac cap H cua rimg Pudc & tudi 18
va 20 tai khu vuc Bién Tay thude tinh Ca Mau.

(9.11a). S liéu N, D, St va chi s6 CCI cua rimng Pudc & tudi 18.

CapH (m) N(cady/ha) Dr(m) St (mzlha) CCI
) 2) 3) (4) (5)

8 163 2,4 739 0,074

10 513 2,8 3053 0,305

12 833 3,0 5932 0,593

14 635 3,3 5313 0,531

16 300 3,5 2873 0,287

18 173 3,7 1847 0,185

Tong 2617 19757 1.976

(9.11b). Sb liéu N, Dy, St va chi s CCI caa rimg Pudc & tudi 20.

CapH(m) N(cay/ha) Dr(m) St (m?ha) CClI
1) (2) 3 4) ®)

10 233 2,6 1267 0,127

12 303 3,0 2196 0,220

14 614 3,2 5028 0,503

16 805 3,5 7592 0,759

18 449 3,6 4633 0,463

20 145 3,7 1558 0,156

Tong 2550 22275 2.228

Bang 9.12. Nhitng ham uéc lugng chi s6 canh tranh tan theo cap chiéu cao dbi véi
rung Pudc trong ¢ tudi 18 va 20. Bon vi tinh: 1,0 ha.
TT Tham sé Tuol rung Dudc:

18 20

1) _ @ 3) (4)

1 a (Hang s) -0,0075161 -0,0023202

2 b*N 0,0001616 0,0004020

3 c*(NH) 0,0000337 0,0001176

4 d*(NH?) 0,0000011 0,0000021

5 R? (%) 99,9 99,9

6 +S 0,0017 0,0078

7 MAE 0,0009 0,0037

8 MAPE (%) 0,3 1,5
Ham (9.36) (9.37)
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Bang 9.13. Chi sb canh tranh tan theo cip chiéu cao dbi véi rimg Pudc 18 tudi.

Pon vi tinh: 1,0 ha.

Cap H (m) CCl CCI%  CClirininyy  CCl%(rich 1ay)
1) (2) 3) (4) ®)
<8 0,074 3,8 0,074 3,8
10 0,304 15,4 0,378 19,1
12 0,594 30,1 0,972 49,2
14 0,530 26,8 1,502 76,0
16 0,286 14,5 1,788 90,5

>18 0,187 9,5 1,975 100,0

Tong s6 1,975 100,0
Chi Sé CClva CCI(Tich liy)
2.00 - : 1.975
1788 ™
1.75 1
1.50
1.25
1.00- ,
Chi s CClI
0.75
0.50
~ . 0.286
0.25 “+o L _0187
0.00 . i .
8 10 12 14 16 18 H(m)

Hinh 9.2. D6 thi biéu dién chi sb canh tranh tan theo cap chiéu cao ddi voi

ring Pudéc 18 tudi.

Déi vai rimg Pudce 20 tudi (Bang 9.14; Hinh 9.3), chi s CCI gia ting dan tir
cap H < 10 m (CCI = 0,129 hay 5,8%) va dat cao nhat & cap H = 16 m (CCI = 0,756
hay 33,9%); sau d6 giam dén cap H > 20 m (CCI = 0,159 hay 7,1%). Hé thong tan
l4 cua rimg Pude 20 tudi che phi 2,2 1an dién tich dt ring. Tong dién tich tan cta
nhirng cdy thudc cac cap H < 14 m che pha hoan toan dién tich mat dat. So véi tong
chi s6 CCI (2,2 hay 100%), ty 1& canh tranh tan tir cAp H = 10 m dén cap H = 14 m
12 38,2% (CCI = 0,851), con lai nhitng cay & cip H > 16 m 1a 61,8% (CCI = 1,377).
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Bang 9.14. Chi sb canh tranh tan theo cip chiéu cao dbi véi rimg Budc 20 tudi.
Pon vi tinh: 1,0 ha.

Cap H (m) CClI CCl% CClirichinyy  CCl%(rich 1ny)
1) (2) 3) (4) (5)
10 0,129 5,8 0,129 5,8
12 0,212 9,5 0,342 15,3
14 0,510 22,9 0,851 38,2
16 0,756 33,9 1,607 72,1
18 0,463 20,8 2,070 92,9
20 0,159 7,1 2,229 100,0

Tong s6 2,229 100,0
Chi Sé CClva CCI(Tich lity)
225 - ) : 2.229
| 1
2.00 A |
' CClI (Tich lity)
1.75 1 bapmnmm
1.50 -
1.25
]()() apbrsnsunsnnsnnnnnnannnn ; i S i
0.75 1 - :
0.50 - ‘ 03027+ ’ —~t—1
()'25(“3)/;/.’,’ ! ! I~ 0.159
= |*' =~ 10212 >
0.00 - ' :

10 12 14 16 18 20 H(m)

Hinh 9.3. B4 thi biéu dién chi s6 canh tranh tan theo cap chiéu cao doi voi
rung Pudc 20 tuoi.

Tir nhitng phan tich trén day cho thdy, rimg Dudc trong ¢ tudi 18 va 20 6 su
canh tranh tan rat manh. Hé thong tan 14 cua rimg Pudc trdng che phu kin mat dat
tr 1,9 lan & tudi 18 dén 2,2 lan & tudi 20. Hé thong tan 1a cua rimg Pudc trong o
tudi 18 va 20 tap trung nhiéu nhat tuong ung & Cap H =12 va 14 m. Hién tuong nay
xay ra 1a do rimg Pudc duge trong v6i mat do rat cao (10.000 cay/ha), rung dang
trong giai doan sinh trudng nhanh va chua qua tia thwa. Vi thé, dé han ché su canh
tranh giita nhiing cAy hinh thanh rimg Pudc, bién phap diéu chinh tan bang bién
phap tia thua 13 can thiét.
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9.2.4. Phan tich chi s6 canh tranh tan d6i véi rirng t nhién hén loai

Phén nay gidi thiéu phuong phép phan tich canh tranh tan cua ring tw nhién
hon loai dya trén s6 liéu tir hai uu hop cay ho Sao Dau (UhSaoDau) & khu vyc Tan
Phu thudc tinh Pong Nai. Chi s gia tri quan trong (IVI) ctia cay ho Sao Dau trong
hai vu hop nay tuong ung 1a nhéd hon 40% (UhSaoDau<40%) va 16n hon 40%
(UhSaoDau>40%). O day co 3 cau hoi dit ra: (1) Chi sé CCI thay doi theo hai
UhSaoDau nhu thé nao? (2) Trong moi UhSaoDau, chi s6 CCI thay doi theo cap H
nhu thé nao? (3) Trong moi UhSaoDau, loai cay gd nao c¢6 muc canh tranh tan
manh nhat? Dé ‘tra 101 ba céu hoi nay, trude hét théng ké sb loai ciy gb (S, loai), N,
D+, St va chi s CCI theo loai cdy gb va cap H cta hai UhSaoDau. Chi s6 CCI theo
loi cAy gb va cap H ciia hai uu nay dugc dan ra & Bang 9.15 va 9.16. Ké dén, tir s6
liéu & Bang 9.15 va 9.16, xay dung cac ham chi s CCI = f(N, H) (Ham 9.38 va
9.39; Bang 9.17). Tiép theo thay thé cap H vao hai ham 9.38 va 9.39 dé xac dinh chi
s6 CCI theo cac cap H dbi vai hai UnSaoDau (Bang 9.18 va 9.19; Hinh 9.4 va 9.5).

Bang 9.15. Mat d6 va chi s6 canh tranh tan theo cap H cuia UhSaoDau<40%.
H(m) N (cay/ha) St (m?ha) CCl CClirieh 1ay)

1) (2) 3 4) ®)

8 102 1855 0,185 0,185
12 268 4842 0,484 0,670
16 142 3901 0,390 1,060
20 75 3054 0,305 1,365
24 40 2237 0,224 1,589
28 20 1549 0,155 1,744

Téng sb 647 17438 1,744

Bang 9.16. Mat d6 va chi s6 canh tranh tan theo cap H cuia UhSaoDau>40%
H(m) N(cay/ha) Sy (m%ha) CCl CClrien 1ay)

1) (2) 3) (4) ®)

8 101 1.557 0,156 0,156
12 272 5.110 0,511 0,667
16 144 4.252 0,425 1,092
20 76 3.227 0,323 1,415
24 40 2.324 0,232 1,647
28 22 1.702 0,170 1,817

Téng sb 655 18.172 1,817

245



Bang 9.17. Nhiing ham wdc lugng chi sb canh tranh tan theo cp chiéu cao ddi véi
hai uu hop cay ho Sao Dau. Pon vi tinh: 1,0 ha.

TT Théng ké UhSaoDaucs,  UhSaoDaussgy
1) _ @ 3) (4)
1 a(Hingso) 0,097784 0,091089
2 b*N 0,000696 0,001640
3 c*NH 0,000200 0,000318
4 d*NH"2 0,000002 0,000004
5  R*(%) 99,5 99,9
6 +Se 0,0136 0,0061
7 MAE 0,0095 0,0029
8 MAPE 2,9 1,3
Ham (9.38) (9.39)

Bang 9.18. Chi s6 canh tranh tan theo cap chiéu cao dbi véi UhSaoDausge. Pon vi
tinh: 1,0 ha.

H (m) ccl CCI%  CCliiny) CCl%rich 1ay)
(1) (2) 3) (4) (5)
<8 0,182 10,4 0.182 10,4
12 0,489 28,0 0.671 38,5
16 0,390 22,4 1.061 60,8
20 0,293 16,8 1.354 77,6
24 0,222 12,7 1.576 90,4
> 28 0,168 9,6 1.744 100,0

Tong s6 1,744 100,0

Bang 9.19. Chi s6 canh tranh tan theo cap chiéu cao dbi véi UhSaoDausage. Pon vi
tinh: 1,0 ha.

H (m) ccl CCl%  CClehiy CCl%rieniay)
(1) (@) 3) (4) (5)
<8 0,154 8,5 0,154 8,5
12 0,512 28,2 0,666 36,6
16 0,427 235 1,093 60,1
20 0,318 17,5 1,410 77,6
24 0,231 12,7 1,641 90,3
> 28 0,176 9,7 1,817 100,0

Tong sb 1,817 100,0
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Chi s6 CCI (UhSaoDauso)
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Hinh 9.4. D6 thi biéu dién chi s6 canh tranh tan theo cap chiéu cao ddi voi

hai uu hop cay ho Sao Dau.

Chi s6 CCI
. |
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la che|phu kin mat dat
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0.8
0.6
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----- UhSaoDau(<40%) = UhSaoDau(>40%) H (m)
Hinh 9.5. B4 thi biéu dién su tich liy chi s6 canh tranh tan theo cip chiéu
cao doi voi hai uu hop cay ho Sao Dau.
Tir s6 liéu & Bang 9.18 va 9.19, Hinh 9.4 va 9.5 cho thay, chi s6 CCI ddi Véi

hai UhSaoDau thay doi theo cap H. D4i voi nhém UhSaoDauugy, chi s6 CCI gia
tang dan tor cap H < 8 m (0,182) va dat cao nhat ¢ cap H = 12 m (0,489); sau d6
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giam dan dén cap H > 28 m (0,168). Doi véi UhSaoDaussox, chi sd CCI ciing gia
tang dan t cap H < 8 m (0,154) va dat cao nhat ¢ cap H = 12 m (0,512); sau do
giam dan den cap H > 28 m (0,176).

NGi chung, chi s6 CCI trong hai UhSaoDau nay xay ra manh nhét ¢ hai cap
H=12mval6 m (50,4% doi voi UhSaoDau<gge,; 51,7% doi voi UhSapDau>40%).
H¢ thong tan ¢ ca hai UhSaoDau nay che phu hoan toan dién tich mat dat tu cap H
> 16 m.

Bang 9.20. Chi sb canh tranh tan ddi voi nhitng loai cay gé trong UhSaoDau<age.
Pon vi tinh: 1,0 ha.

Ty I canh tranh tan:

1T Loai cay go N (cay) CCI N% CCl% Binh quan (%)
1) (2) 3) 4 0 (6) (7)
1  Dausong nang 95 0,29 14,6 16,7 15,7
2 Tramtrang 51 0,14 7,8 79 7,8
3 Cay 45 013 7,0 7,6 7.3
4  Binhlinh 35 0,10 54 5,6 55
5  Truong mat 36 0,08 5,6 4,3 4,9
6 Saoden 27 0,08 4,1 45 4,3
Cong 6 loai 289 0,82 445 46,6 45,5
39 Loai khac 358 0,92 555 534 54,5
45 Tbng sd 647 1,74 100 100 100

Chi s6 canh tranh d6i véi nhitng loai cay gd trong hai UhSaoDau dugc danra
¢ Bang 9.20 va 9.21. Déi véi UhSaoDau<4os, (Bang 9.20), so veéi chi s6 CCl cua 45
loai cay gob (100%), 6 loai cay g uu thé va dong wu thé vé canh tranh chiém 46,6%;
trong d6 Dau song nang canh tranh tan manh nhat (16,7%), ké dén 1a Tram trang
(7,9%), thap nhét la Truong mat (4,3%). Chi sé CCI caa nhiing loai cay go khéc (39
Ioai) 1a 53,4%; trung binh 1,4%/loai. Doi V6i UhSaoDaus4o (Bang 9.21), so véi chi
s6 CCI cua 32 loai cay gd (100%), 5 loai cay 96 uvu thé va dong uvu thé vé canh
tranh chiém 59,6%; trong d6 Dau song ‘hang canh tranh tan manh nhat (19,9%), ké
dén la Vén vén (13,9%), thap nhét 1a Cay (7,8%). Chi s6 canh tranh cua nhitng loai
cay go khac (27 loai) la 40,4%; trung binh 1,5%/loai. N6i chung, nhiing loai cay gb
ctia ho Sao Dau canh tranh tan 16n nhét; trong d6 wu thé 1a Dau song nang va Vén
vén.

9.3. Chi s6 hinh thai than va tan I4 ciia quén thu

Hinh thai than cdy va tan 14 ctia cac cAy gd phan anh tac dong cua nhiing dac
tinh quan thy (tudi, mat do), nhitng yéu té moéi trudng (lap dia) va phuong thic 1am
sinh dén cay go. Vi thé, phan tich hinh théi cdy gd 14 co s& cho viéc danh gia tinh 6n
dinh ctia cAy gb va rimg d6i véi su thay doi cua nhitng yéu té méi truong. Trong
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1am hoc, ngudi ta quan tdm dén 4 chi s6 hay ty 18 sau day; (1) Ty 1é chiéu cao toan
than (H, m) va duong kinh than ngang nguc (D, cm) (Cong thic 9.40); (2) Ty I¢
duong kinh tan & vi tri rong nhat (Dt, m) va H (Cong thic 9.41); (3) Ty 18 chiéu dai
tan (Lt, m) va H (Cong thic 9.42); (4) Ty 18 chiéu dai tan (L, m) va D (Cong thuc
9.43).

Bang 9.21. Chi s canh tranh tan ddi véi nhitng loai cay gd trong UhSaoDausagy.
Don vi tinh: 1,0 ha.

Ty 1€ canh tranh tan:

1T Loai cay go N (cay) CCI N% CCl% Binh quan (%)
1) (2) 3 4 ®) (6) (7
1  Dausong nang 136 0,36 20,8 19,9 20,3
2 Vénvén 80 025 12,2 139 13,1
3 Lau tau tring 63 0,18 96 9,7 9,6
4  Cay 51 014 77 7.8 7.8
5  Bang lang Oi 39 015 59 8,3 7.1
Cong 5 loai 369 108 56,2 596 57,9
27  Loai khéc 286 0,74 438 404 42,1
32 Tong s 655 1,82 100 100 100
H/D (9.40)
D1/H (9.41)
L/H (9.42)
L./Dt (9.43)

Ty 1¢ H/D dugc xac dinh theo hai phuong phap: (a) Khong ké dén don vi do;
(b) Ké dén ‘don vi do. Khi khong ké dqén gion vi do, thi ty 1¢ H/D c6 thé nlgétn gia tri
nhé hon, béng hoac 16n hon 1. Khi ké dén don Vl do, thi g"l 1€ H/D c6 thé nhan gia
tri nho hon, bang hoac 16n hon 100. N6i chung, vé ban chat, hai cach tinh ty I¢ H/D
nay la nhu nhau.

Tu phan tich sy thay qéi cua ty 1€ H/D, Burschel va Huss (1997, Dan theo
Ducey, 2009) danh gia tinh 6n dinh cua rung ¢ mdi cap A theo Bang 9.22. Ty Ié
H/D > 0,8 cho bict chicu cao phat trién qua manh, con than cay nho. Hién tuong nay
dan den cay de bi d6 gay do gi6 16n hodc do dat khong 6n dinh. Ty I¢ H/D < 0,8 cho
bict duong kinh than cay Ion. Hién tuong nay dam bao cho cay dung vimg trude
nhitng tac dong cua gid 16n va dat khong 6n dinh.

Bang 9.22. Nhitng tiéu chuan danh gia tinh 6n dinh cua ring theo ty I H/D.
H/D >1,0 0,8-1,0 0,45-0,8 <0,45

Péanh gia R4t khong 6n dinh  Khong 6n dinh ~ Ondinh  Cay moc tu do
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Dua theo ty 1€ L+/H, Schutz (2001; Dan theo Ducey, 2009) danh gid tinh on
dinh cua ring ¢ moi cap A theo Bang 9.23. Ty 1€ L+/H < 0,5 cho thay chicu dai tan
rat nho so vai chiéu cao cua cdy. Chieu dai tan nho dan dén hé thong Ia tiep nhan it
anh sang va cay sinh trueong kém.

Bang 9.23. Nhitng tiéu chuan danh gia tinh 6n dinh cua ring theo ty 16 L/H.
L+/H <0,3 0,3-0,5 0,5-0,6 > 0,6

Déanh gia RAtkhong 6ndinh  Khong 6n dinh  Ondinh  Cay moc tu do

Bang 9.24 din vi du vé su thay ddi hinh thai than ‘cay budc tur tudi 11 — 25
tai khu vuc Bién Tay tudc tinh Ca Mau. Tur do cho thdy, bén ty 18 (H/D, L+/H,
D1/H, L+/D7) khéac nhau rét rd rét giita cac tu01 Ty Ié H/D nhan gia tri thap ¢ tudi
11 - 13 va 21 -25 (1,0); nhén gia trj cao & tudi 15 - 19 (1,02). Ty I¢ L+/H gia tang tur
tudi 11 (0,38) dén tudi 25 (0,47). Ty lé D/H c6 khuynh huong giam dan tir tudi 11
(0,23) dén tudi 25 (0,15). Ty Ié L+/Dy gia ting tir tudi 11 (1,72) dén tudi 25 (3,17).

Bang 9.24. Ty Ié chiéu cao va duong kinh than cay Pudc & cac cap tudi.

A (nam) N (cay) H/D L+/H D/HMax  L+/Dy
(1) ) 3) (4) (5) (6)
11 516 1,00 0,38 0,23 1,72
13 456 1,01 0,38 0,20 1,96
15 422 1,02 0,39 0,18 2,28
17 379 1,02 0,41 0,17 2,48
19 367 1,02 0,42 0,16 2,67
21 355 1,01 0,44 0,15 2,90
23 333 1,01 0,46 0,15 3,06
25 309 1,00 0,47 0,15 3,17

Trung binh 392 1,01 0,42 0,17 2,53

Ty 1€ H/D dao dong tir 1,0 - 1,02 cho théiy chiéu cao phat trién manh, con
duong kinh than nho. Ty 1& Lt/H dao dong tir 0,38 — 0,47 cho thay chiéu dai tan
nho. Hinh théi than cdy nhu vay chimg t6 rimg Pudc trong tir tudi 11 — 25 phat trién
khong can d6i. Hién tuong nay xay ra 1a do mat d6 cao dan dén nhiing cay Pudc
phat trién manh chiéu cao dé thu nhan anh sang. Tuy vay, ring Pudc trong van
khong bi do nga do gio6 to va song 1on. Hién tuong nay duoc giai thich 1a do mat do
cao dd ngin can anh hudng x4u cua gid to va song 16n. BEé nang cao tinh 6n dinh
ctia rimg Pudc, bién phap diéu chinh mat do bang céch tia thwa 1a can thiét.
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Chuong 10
PHAN TIiCH PHUONG SAI

10.1. Khai quat chung

Phén tich phuong sai (ANOVA) 1a mot phuong phép xir 1y s6 liéu rat hiru ich
d6i véi nhiéu nghién ctru trong lam hoc. Chang han: (a) Phan tich phan hoi (Blen
phu thuc) cua cdy go va ring d6i véi sur thay ddi cua mot hozc nhiéu nhan t6 sinh
thai (Blen doc lap); (b) Phan tich phan hoi cua cay tai sinh trong giai doan vuon
wom ddi véi su thay doi cua thanh phan hdn hop rudt bau. Trong phan tich phuong
sai, nhitng bién doc 1ap c6 thé 1a bién dinh danh va bién dinh luong. Nhitng bién
dinh danh biéu thi cho nhitng nhan t6 sinh thai hodc bién phan loai (Classification
Variables). Nhitng bién dinh luong c6 thé dugc ghép thanh nhém hoic khdi
(Block). Ching han: (a) Phan tich anh huéng cia d6 day tang dit dén san luong
ring; (b) Phén tich anh hudng ba phuong thirc nuédi dudng dén san luong rimg; (c)
Phén tich anh hudng cua kich thude bau dén sinh truong cua cay con G do (Afzelia
xylocarpa (Kurz) Craib) trong giai doan 6 thang tudi & vuon wom.

Tuy theo nhan té tac dong va kiéu bé tri thi nghiém, nha 1am hoc c6 thé xay
dung cac mo hinh phan tich phuong sai khac nhau. Phan tich phuong sai cling co6
thé duoc thiét ké theo md hinh tuyén tinh tong quat (General Linear Model =
GML). Phan tich md hinh tuyén tinh tong quat 1a cdng cu rat mém déo, dic biét doi
vei cac md hinh bao gom ca nhan to phan loai va nhan t6 dinh lugng. Phan tich
phuong sai (1 nhan t6, da nhan t6) c6 thé duoc thuc hién cho 1 hodc nhiéu bién phu
thudc. Piéu kién cia phén tich phuong sai la cac bién phuy thudc tuan theo phan bd
chuan véi phuong sai bang nhau. Trong phan tich phuong sai, gia thuyét Ho: Cac
nghiém thtrc 14 bang nhau.

10.2. Cac mo hinh phan tich phwong sai
10.2.1. Khai quat chung

Phan tich phuong sai bao cao nhiéu noi dung khic nhau; trong d6 nha lam
hoc thudng quan tam dén nhiing ndi dung co ban sau day: (1) Cac dic trung théng
ké md ta d6i v6i bién phan hoi; (2) Kiém dinh phan bb chuan va ngang bang
phuong sai; (3) Phan tich céc bién dong (ANOVA); (4) So séanh giita cac nghiém
thirc va kiém dinh phan hang cac nghiém thuc.

So sanh giira cac nghiém thirc bao gom so sanh tirng cap nghiém thic Voi
nhau (Pairwise Comparisions) va kiém dinh nhiéu cap (Pairwise Multiple
Comparisions). Cac kiém dinh phan hang cac nghiém thirc (Post Hoc Range Tests)
cho biét nhiing gi4 tri trung binh ciia cac nghiém thirc ndo khic nhau c6 y nghia
thong ké. Céc kiém dinh nay chi dugc &p dung dé so séanh anh huong giita cac nhan
t6 ¢d dinh dén mat bién phu thudc. Khi cé nhiéu bién phy thudc, thi cac kiém dinh
nay duoc thuc hién cho tirng bién riéng r&.
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Kiém dinh T dugc st dung dé so sanh sy sai khac gitta hai nghiém thuc véi
nhau. Kiém dinh T cho biét sy khac biét giira hai nghiém thirc & mic xéac suét sai
lam (o) cho trude, thong thuong o = 0,05. Khi so sanh nhiéu nghiém thuc, nguoi ta
st dung kiém dinh nhiéu cip. Gia thiét c6 k cap sb trung binh can so sanh & muc y
nghia 5%, X4c suat khac nhau roi vao mién bac bo 1a 1 — 0,95°k. Chang han: Khi ¢6
6 cap nghiém thic, thi sé cip so sanh & mirc ¥ nghia 5% 1a 15. Theo d6, X4c suat
khéc nhau roi vao mién béac bo 12 0,265 = 1 — 0,95”6.

Khi c6 nhiéu nghiém thic nhung chi can so sanh tirng cap riéng ré véi nhau,
thi chung ta c6 thé s dung céc kiém dinh LSD (Least Significance Difference),
Bonferroni va Sidak. Nhung néu c¢6 nhiéu nghiém thac can so sanh khong chi tung
cap voi nhau ma con xép hang cac nghiém thic, thi ching ta c6 thé st dung cac
kiém dinh Tukey HSD, Scheffe, Duncan, Student - Newman - Keuls. Tat ca cac
kiém dinh nay doi hoi phuong sai mau 1a bang nhau. Kiém dinh caa Tukey st dung
théng ké bién do duoc Student héa dé xay dung tat ca cac so sanh cap giira cac
nghiém thire va thiét 1ap ty 18 sai sé thuc nghiém cho nhitng cap dugc chon. Kiém
dinh Bonferroni sir dung thong ké Student’s T dé diéu chinh mirc ¥ nghia quan sat
dua trén sb 1an so sanh. Khi ¢6 5 lan so sanh véi muc ¥ nghia chi dinh 1a 0,05, thi
mtc ¥ nghia cho 1 so sanh 13 0,05/5 = 0,01. Vi thé, kiém dinh Tukey duoc sir dung
dé so sanh nhiéu cap trung binh. Khi chi c6 it cip trung binh can so sanh thi kiém
dinh Bonferroni hitu dung hon. Céc kiém dinh Duncan, Student-Newman-Keuls (S-
N-K) va Tukey’s b 1a cac kiém dinh dya trén hang cua cac trung binh nhém. Kiém
dinh LSD tuong duong véi kiém dinh T. Han ché cua kiém dinh LSD la khong c6
mot kiém dinh nao duoc diéu chinh muc tin cay cho nhiéu so sanh.

Thuc chat cua phép so sanh giira cac nghiém thic 1a xay dung khoang tin cay
d6i voi hiéu sé cta hai trung binh mau (C;) va dua vao khoang tin ciy dé kiém dinh
gia thuyét Ho. Néu khoang tin cay C; chira gia tri Zero, thi gia thuyét Hy dugc chap
nhan & mac xac suat sai 1am P hoic muc tin cay 1 - P. Nguoc lai, néu khoang tin
cay C; khéng chua gia tri Zero, thi gia thuyét Ho bi bac bo & mic xac suét sai 1am P
hoac muc tin cay 1 - P. Ba mac xac suat sai lam P thuong dugc sir dung 14 0,05;
0,01 va 0,001. Dang tong quat cua khoang tin cay cua so sanh C; duoc tinh theo
cong thirc 10.1. O cong thirc 10.1, C; = hiéu s caa hai trung binh tong thé hay hai
nhém nghiém thic; G = ude lwong cta C;; Sei = do léch chuan cua C¥ va duoc
tinh theo cong thirc 10.2 véi n = dung luong ctia moét mau; MSE = sai s6 binh
phuong trung binh; T,®(k) = dai lwong c6 phan phdi Student hodc phan ph0| F ty
theo kiéu so sanh; P = murc xac suat sai 1am; a = sé nghiém thtc (voi cac tric
nghiém khong xép hang cac nghiém thtc) hodc hang (L) cua cap nghiém thic dem
so sanh (Véi c4c trac nghiém cd xép hang cac nghiém thuc); k = bac tu do cua MSE.

Ci= G +Sq Te®(k) (10.1)

Ddi véi tric nghiém LSD, su khac biét 16n nhét cta hai trung binh mau (i, j)
dugc tinh theo cong thirc 10.3; trong d6 DF = d6 tu do ctia MSE (N - k), N = tong
dung luong cta k mau.

x 2MSE
Sci = (khi dung lugng hai mau bang nhau) (10.2a)
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=+/MSE*(1/n; + 1/n,) (khi dung lugng hai mau khéc nhau) (10.2b)
*

LSDi; = T2, oF 2 I\QSE (10.3)

Quy tic quyét dinh: O murc ¥ nghia a = 0, 05 (Méc dinh).

NéuT< T 025, pr thi trung binh cua hai mau (nghi¢m thuc) 1a bang nhau.

NéuT > To.025 pr thi trung binh cua hai mauu 13 khac nhau.

Su khac biét giita hai trung binh mau co thé dugc tinh theo khoang tin cay
(Cong thirc 10.4); trong d6 n = dung lugng cua 1 mau. Cong thic 10.4(c,d) duoc ap
dung cho hai nghiém thitc c6 dung luong mau khac nhau. Quy tic quyét dinh: O
murc ¥ nghia a = 0,025 (Mac dinh), néu khoang tin cdy chira Zero thi trung binh ctua
hai nghiém thuc la b'fmg nhau.

2*MSE

(Xa—Xp) + Terit® n (10.4a)
2*MSE

(Xa—Xg) - Terit™ 0 (10.4b)

(Xa—Xg) + Tcric™\[MSE*(1/n; + 1/n,) (10.4¢)

(Xa—Xe) - Teri *\MSE*(L/n; + 1/ny) (10.4d)

Tric nghiém Duncan dugc tinh theo cong thire 10.5; trong d6 qp( )(K) 14 tri s6

tra bang lap sin dung cho trac nghiém Duncan.
(a) — M

T, (k) = \/§ (10.5)

Trac nghiém Tukey dugc tinh theo cong thirc 10.6; trong d6 X va X 1a hai
trung binh méau, MSE = sai s6 binh phuong trung binh, n = dung luong cua Mot
mau. Cong thirc 10.6a dugc ap dung cho hai nghiém thirc c6 dung luong mau bang
nhau. Cong thirc 10.6b duoc ap dung cho hai nghiém thirc c6 dung lwong mau khac
nhau.

Xi-X;

q= —'—MSE/n (10.6a)

Xi- X,
\/Z*MSE/(n +1y) (10.6b)

Gia tri tiéu chuan ctia phan b q (qcrit) dugc tra tir bang phan hang cua Tukey
(Studentized Range Table) dya trén mirc ¥ nghia a, k nhom va do tw do 1a N — k;
trong d6 N = tong dung luong cua k mau. Gia thuyét Ho: Trung binh cta hai mr:tu la
khong khac nhau. Quy tic quyét dinh: O mirc y nghia a = 0,05 (Mac dinh), néu q <
Ocrit thi trung binh cta hai nhom 1a bang nhau. Néu q > it thi trung binh cta hai
nhom 1a khac nhau. Sy khéc biét giita hai trung binh mau ciing ¢ thé dugc xac dinh
theo khoang tin cdy (Cong thirc 10.7); trong d6 n = dung luong cua 1 mau. Cong
thire 10.7(c,d) duoc 4p dung cho hai nghiém thirc c6 dung lugng mau khac nhau.
Quy tic quyét dinh: O muc ¥ nghia a = 0,05 (Mic dinh), néu khoang tin ciy chua
Zero thi trung binh ctia hai nghiém thirc 1a bang nhau.

(Xi = Xy) + (qcric™VMSE/n) (10.7a)
(Xi — X)) - (qeric™\/MSE/n) (10.7b)
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(Xi - X)) + (Geric™\2*MSE/(ni+n;) (10.7¢c)
(Xi—X3) - (Acric™\2*MSE/(ni+n;) (10.7d)

10.2.2. M hinh phén tich phwong sai mét nhin tb

10.2.2.1. Kiéu thi nghiém ngdu nhién hoan toan

Dbi voi kiéu bd tri thi nghiém ngiu nhién hoan toan (CRD = Complete
Randomized Design), dung luong mau (sé liéu quan sat) co thé bang nhau hoic
khong bang nhau va trat ty caa cac nghiém thirc khéng anh huong dén két qua phan
tich bién dong. O kiéu thi nghiém nay c6 hai ngudn bién dong: (a) Ngudn bién dong
giira cac nghiém thic; (b) Ngudn bién dong ngau nhién caa céc sb liéu dugc do dac
& mdi nghiém thirc (Sai s6 thi nghiém). Gia thuyét Hy: Cac nghiém thirc hay nhén t6
thi nghiém anh huéng dong déu dén két qua thi nghiém. Déi thuyét Hy: Cac nghiém
thirc anh huong khac nhau dén két qua thi nghiém. Khi ngudn bién dong gitra céc
nghiém thirc 16n hon bién dong ngau nhién, thi gia thuyét Hy bi bac bo.

Mo hinh phén tich thong ké c6 dang nhu ham 10.8; trong d6 Yij = bién phu
thudc; p = trung binh téng thé; o; = tham s dic trung cho anh hudng ciia nhan to
thi nghiém (i=1, 2 ...a); g = sai sd ngdu nhién (gij = N(O, 89).

Y" =utoaotgj (10.8)

M6 hinh tuyen tlnh tong quat c6 dang nhu ham 10.9; trong d6 X; = nhan t6
thi nghiém, & = sai s6 ngau nhién.

Y = Bo + lel + g (109)
10.2.2.2. Kiéu thi nghiém theo khéi ddy dii ngdu nhién

Trong kicu bo tri thi nghiém theo khdi day du ngau nhién (RCBD =
Randomized Complete Block Design), s6 lieu trong mdi nghiém thirc dugc do dac
tir nhiing diéu kién khac nhau, con sé liéu cua cac nghiém thirc duoc do dac trong
mo,l kh’01 c6 diéu }(Ien nhu nhau. Kiéu thi nghiém theo khéi dqy du ’ngau c6 thé duogc
thiet ke theo so d6 ¢ Hinh 10.1. Thi nghiém RCBD c6 ba nguon bien dong: (1)
Nguon bien dong cua cac nghiém thuc; (2) Sai so thi nghiém; (3) Nguon bien dong
theo khoi nghiém thuec.

Gia thuyét Ho: Cac nghiém thirc va cac khdi anh huong dong déu dén két qua
thi nghiém. boi thuyét Hq: Céc nghjém thfrc va cac khoi anh huong khéng dong
deéu den ket qua thi nghiém. Khi nguon bien dong cua cac nghiém thic va khoi Ion
hon bién dong ngau nhién, thi gia thuyét Hy bi bac bé.

M@ hinh phén tich thong ké c6 dang nhu ham 10.10; trong d6 Y;; = bién phy
thugc, u = trung binh tong thé, o; = tham s6 dic trung cho anh huong cia nhan t6
thi nghiém (i = 1, 2 ...a), B; = tham s6 dic trung cho anh huéng caa khoi (i = 1, 2
...1), & = sai s6 ngau nhién (g — N(0, &%).
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Nghiém thic

S6 1an lap (Khéi)

2 ... k
1 Yiu Y ... Y
r Y]_r coe ces Ykr

Hinh 10.1. So d6 bd tri thi nghiém theo khdi day du ngau nhién.

Khi sir dung md hinh GLM dé phan tich bién dong 1 nhan té theo kiéu thi
nghiém RCBD, md hinh tuyén tinh tong quat bao gém hai kiéu. Kiéu thir nhit bao
gdm day du nhan t6 thi nghiém va nhén t6 khéi (Ham 10.11); trong d6 B = diém
chan (Intercept), X; = nhén té thi nghiém, X, = nhan t6 khdi, € = sai s6 ngau nhién.
Kiéu thtr hai chi bao gém nhén té thi nghiém, con nhan t6 khéi dwgc gop vao thanh
phan sai s6 (Ham 10.12); trong d6 By = diém chan (Intercept), X; = nhan t6 thi
nghiém, & = sai s6 ngau nhién.

Y =Bg+ B1Xy + BoXy + & (10.11)
Y =B+ P Xy +e (10.12)
10.2.2.3. Kiéu thi nghiém binh phwong la tinh

Kiéu binh phuong la tinh 1a kiéu thi nghiém ma cac nghiém thirc duoc bd tri
ngau nhién ca o khdi hang 1an khoi cot; trong d6 s6 nghiém thirc, s6 khoi hang va so
khoi cot 1a bang nhau. Vi du: Nghién cau anh huong caa 6 ham luong Super lan (O,
1, 2, 3, 4, 5% s0 Véi trong luong rudt bau) dén sinh truong chiéu cao (H, cm) cua
Dau song nang (Dipterocarpus dyeri) sau 8 thang tudi ¢ vuon wom. Thi nghiém
duoc bd tri theo khdi véi 6 1an lap lai. Tong cong 36 16 thi nghiém. Cac 16 thi
nghiém nay duoc phan phéi theo so do bao gom 6 hang va 6 cot (Hinh 10.2).

Kiéu binh phuong la tinh bao gom bén nguon bién dong: (1) Nguon bién
dong cua cac _nghiém thuc; (2) Ngum bién dong ngau nhién caa céac so licu duoc
thu thap & mdi nghiém thizc (Sai s6 thi nghiém); (3) Ngudn bién dong cua cac sb
liu duoc thu thap & mdi nghiém thtc theo khéi cot; (4) Ngudn bién dong cua céc
s6 lidu duoc thu thap & mdi nghiém thuc theo khdi hang. Gia thuyét Hy: Cac nghiém
thirc va cac khdi anh huong dong déu dén két qua thi nghiém. Khi nguén bién dong
ctia cac nghiém thirc va khéi 16n hon bién dong ngau nhién, thi gia thuyét Hy bi bac
bo.

M6 hinh phan tich théng ké c¢6 dang nhu ham 10.13; trong d6 Y = bién phu
thugc, u = trung binh tong thé, o; = tham s6 dic trung cho anh huong cia nhan t6
thi nghiém (i = 1, 2 ...a), B; = tham sb dic trung cho anh huéng caa khéi cot (i = 1
2 ...1), Bk = tham s6 dic trung cho anh huéng ciia khdi hang (j = 1...k), & = sai s6
ngau nhién (i — N(O, &°).
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Yii = u+ a; + B*Khdi cot + B*Khdi hang + g;; (10.13)

Khoi hang o
Ki hiéu: ABCDEF = 6
1 2 3 4 5 6 nghiém thurc; trong
d6A=0,B=1,C=2,
1| AlB|lc|D|E|F| D=3E=4F=5%
Super lan so V@i
2 B A E F C D trong lwgng bau.
? 3|C|F|A|E|D|B
S |a|pD|lc|B|A|FI|E
5 | E|D|F|C|BJ|A
6 F E D B A C

Hinh 10.2. So d6 bb tri thi nghiém theo Kiéu binh phuong la tinh.

Khi sir dung mé hinh GLM dé phan tich bién dong 1 nhén t6 theo kiéu binh
phuong la tinh, m6 hinh tuyén tinh tong quat c6 dang nhu Ham 10.14a; trong d6 Bo
= diém chan (Intercept), X; = nhan t6 thi nghiém, X, = nhan t6 khéi cot, X5 = nhan
t6 khol hang, B1, B2 va B3 = h¢ s6 phan anh anh huong cua Xy, X; va X, € = sai b
ngau nhién. Néu mé hinh chi bao gém nhan tb thi nghi¢m, con nhan t6 khoi (hang
va cot) duoc gop vao thanh phan sai sb, thi mo h|nh tuyén tinh ¢6 dang nhu Ham
10.14b. O day P la diém chan (Intercept), B; = hé sé phan anh anh hudng cua Xy, €
= sai s6 ngau nhién.

Y = Bo+ PaXy + BoXo+ PaXs t+ g (10.14a)
Y = Bo+ Xy +e (10.14b)
10.2.3. M hinh phén tich phwong sai hai nhén t6
10.2.3.1. Kiéu thi nghiém hoan toan ngdu nhién

Kiéu thi nghiém hai nhan t6 ngu nhién hoan toan (RCD) c6 m lan lap lai ¢
mdi to hop cta nhan t6 A va nhan té B duoc thiét ké theo so d6 nhu Hinh 10.3. Md
hinh phan tich théng ké c6 dang nhu ham 10.15. O ham 10.15, Yy = bién phy
thudc; p = trung binh tong thé duoc wde lugng tir trung binh mau Yy, o (i = 1...a)
= tham s6 dic trung cho anh hudéng cia nhan té A; Bj G =1...b) =tham sb dic trung
cho anh huéng ciia nhan t6 B; (af)ij = tuong tac gitra nhan t6 A v6i nhan t6 B; Eijk =
sai s6 ngau nhién; k = s6 lan lap (k = 1...m). Gia thuyét d6i voi nhan t6 A, H,: o =
0 véi moi i; Hy: it nhat c6 mot a; = 0. Dbi v6i nhan té B, Hy: Pi = 0 v&i moi i; Hy: it
nhat c6 mot B; = 0. Doi vai t6 hop nhan té A va B, Hypy: Khong ¢6 sy tuong tac gitta
nhan t6 A v6i nhan td B.

Yiik =1+ o+ B+ (af)ij + €ijk (10.15)

256



Nhan t6 A

1 2 3 b
Al Ylll Y121 Y131 Y1b1
Y112 Y122 Y132 Y1b2
Y11m Y12m Y13m Y1bm
Az
A3 YSll Y321 Y331 Y3b1
Y312 Y322 Y332 Y3b2

Hinh 10.3. So d6 bd tri thi nghiém hai nhan t6 ngau nhién hoan toan.

Khi str dung m6 hinh GLM dé phan tich bién dong ciia 2 nhén t6 theo kiéu
thi nghiém ngau nhién hoan toan, md hinh tuyén tinh tong quat c6 dang nhu ham
10.16. O ham 10.16, Y = bién phu thudc; Bo = diém chin (Intercept); X; = nhan té
thi nghiém 1; X, = nhan té thi nghiém 2; X,*X, = twong tac giita nhan té nhan t6 X,
v6i nhan t6 X, By, P2 = hé s6 phan anh anh huong cia X; va X,; B3 = hé s6 phan
anh anh hudng ciia ca hai nhan td X; va Xo; & = sai s6 ngau nhién

Y = Po + BrXy + PoXp + BaXy Xp + € (10.16)
10.2.3.2. Kiéu thi nghiém theo khéi ddy dii ngdu nhién

Kiéu thi nghiém hai nhan t6 theo khéi day du ngau nhién hoan toan c6 m lan
lap lai & mdi t6 hop cua nhan t6 A va nhan t6 B duoc thiét ké theo so d6 nhu Hinh
10.4. M6 hinh phan tich théng ké c6 dang nhu ham 10.17; trong d6 Yijk = bién phu
thudc, p = trung binh tong thé duoc udce lugng tir trung binh mau (Ygy), ai (i =
1...a) = tham s6 dic trung cho anh hudéng cia nhan t6 thi nghiém A, Big=1...b)=
tham s6 dic trung cho anh hudng cia nhan t6 thi nghiém B, (aB)ij = anh hudng
tuong tac gitta nhan t& A v&i nhan td B, ki = anh huong cua khéi (k = 1...1), Eijk =
sai s6 ngau nhién. Gia thuyét ddi véi nhan t6 A, H,: o = 0 véi moi i; Hy: it nhat c6 1
ai # 0. D6i vai nhan t6 B, Hy: Bi = 0 v6i moi i; Hy: it nhat ¢6 1 Bi = 0. Doi vai to
hop nhan td A va B, Hyp: Khong co6 tuong tac gitra nhan t& A v6i nhén t6 B.

Yig = pt o+ By + K + (aB)ij + &ij (10.17)

Khi str dung mo hinh GLM dé phan tich bién dong cua hai nhan t6 theo khéi
day da ngau nhién, md hinh tuyén tinh tong quat c6 dang nhu ham 10.18. G ham
10.18, Y = bién phu thudc; By = diém chin (Intercept); X; = nhan té thi nghiém 1;
X, = nhén td thi nghiém 2; X;*X, = tuong tac gitta nhan 6 X, va Xo; B1, B2 =hé $b
phan anh anh hudéng cua X; va X, B3 = hé $6 phan anh anh hudng cua céd hai nhan
t6 X1 va Xy X3 = nhan t6 khéi; B, = hé sé phan anh anh hudng cta khéi; € = sai s6
ngau nhién. Néu gop nhan t6 khoi vao thanh phan sai s, thi mé hinh tuyén tinh
téng quét c6 dang nhu ham 10.19.
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Y = Bo + BorXy + BXo + BaXiXo + B X3 +e (10.18)

Y = Bo + BrXy + BXo + BaXXo + & (10.19)
Z. Nhan to Nhan t0 B
Khoi A 1 2 3 ... b
Aq Yir Y Yz Y 1p1
1 A, Youu Yo o Yo Y b1
As Yair  Yaum  Xsg X3b1
Aq Yo Yim Y Y162
2 A, Yo, Yoo Yo Y on2
As Yz Yam  Xsgp Xsb2
Aq Y3 Yz Yiz Y163
3 A, Yoz Yoz Yom Y ou3
Az Y313 Yz Xas X3p3

Hinh 10.4. So d6 b tri thi nghiém hai nhan t6 theo khéi ddy du ngau nhién.
10.2.3.3. Kiéu thi nghiém theo kiéu thi nghiém binh phwong la tinh

Gia thiét phan tich anh hudéng cuia hai nhan t6 dén sinh truong chiéu cao cua
Dau song nang 8 thang tudi: (1) Kich thudc bau véi 2 mac cap 15*25 cm va 20*30
cm; (2) Phan tong hop NPK véi 3 mic 1%, 2% va 3% so Vi trong luong bau. Tong
s6 2*3 = 6 nghiém thtrc. So do thi nghiém c6 thé duoc bé tri nhu Hinh 10.5.

Thi nghiém 2 nhan t6 theo kiéu binh phuong la tinh ¢6 6 nguon bién dong:
(1) Ngudn bién dong cua cac nghiém thac; (2) Sai sé thi nghiém; (3) Ngudn bién
dong gay ra boi nhan té Xy; (4) Ngudn bién dong gay ra bai nhan to Xy; (5) Nguon
bién dong cua cac s6 litu dugc thu thap & mdi nghiém thic theo khéi cot; (6)
Ngudn bién dong cua céc sb lieu duoc thu thap & mdi nghiém thic theo khdi hang.
Cac gia thuyét Ho: (1) Cac nhan t6 doc 1ap (X, va X,) anh hudng dong déu dén két
qua thi nghiém; (2) Khong c6 anh hudng twong tac giita cac nhan té doc lap dén két
qua thi nghiém; (3) Céc khéi hang va khéi cot anh hudng dong déu dén két qua thi
nghig¢m.

M6 hinh phan tich thong ké c6 dang nhu ham 10.20; trong do6 Yij = bién phu
thugc, p = trung binh tong thé duge ude lugng tir trung binh mau (Yag), o (i =
1...a) = tham sb dic trung cho anh hudng cia nhan t6 Xj, Bj G =1...b) = tham s6
dic trung cho anh hudng cua nhan t6 X, (aB)ij = tuong tac gifta nhan t6 X, Vi
nhan 6 Xy, v, = tham s dic trung cho anh huéng cia nhan t cot, §, = tham s6 dac
trung cho anh hudng cua nhan t6 hang, Eijen = Sal s6 ngau nhién.

Yijen = o+ o + By + (aB)ij + ve + n + &ijen (10.20)
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Hinh 10.5. So db bb tri thi nghiém hai nhan té theo kiéu binh phuong la tinh.

Néu sir dung mo hinh GLM dé phan tich bién dong cua 2 nhén té dwogc bd tri
theo kiéu binh phuong la tinh, thi mé hinh c¢6 dang nhu Ham 10.21. O Ham 10.21,
X1 = nhan t6 thi nghiém 1; X, = nhan t6 thi nghiém 2; X;*X, = twong tic cta nhan
t thi nghiém 1 va 2; X5 = sb lan lap theo hang; X, = s6 lan l3p theo cot; & = sai 6
thi nghiém. Néu gop nhitng bién dong theo khéi hang va theo khéi cot vao thanh
phan sai so, thi md hinh GLM ¢6 dang nhu Ham 10.22.

Y = Bo+ BaXy + BoaXo + BsXs + PaXy + BsX ¥ K +& (10.21)
Y = Bo + BiXy + BXo + PaXXp + & (10.22)
10.2.3.4. Kiéu thi nghiém theo kiéu thi nghiém 16 chinh — 16 phu

Thi nghi¢m 2 nhan t5 (A va B) theo kiéu 16 chinh (nhan té A) va 16 phu
(nhan t6 B) ¢6 6 nguon bién dong: (1)Ngudn bién dong cua nhan to A, (2) Nguon
blen dong cua nhéan té B, (3) Sai s6 gay ra boi nhan td A, (4) Sai s6 gay ra boi nhan
t6 B, (5) Nguon bién dong s6 lieu do lap lai (Khéi), (6) NgUOn bién dong gay ra boi
Su tuong tac gitra nhan t5 A v6i nhan td B. Céc gia thuyét: (1) Ting nhan t6 A va B
anh huong dong déu dén két qua thi nghiém; (2) Khéng cd anh hudng tuong tac
giita nhan t6 A véi nhan té B dén két qua thi nghiém; (3) Cac khdi hang va cot anh
hudng dong déu dén két qua thi nghiém. Gia sir can phan tich anh huong cia 3
phuong thirc 1am sinh (PTLS) dén sinh truong chiéu cao (H, cm) cua 3 loai (Dau
rai, Sao den, Vén vén). Mdi thi nghiém duoc bd tri 13p lai 3 1an. O day chon 18
chinh 12 3 PTLS, con 16 phu la loai cay. So d6 thi nghiém c6 thé duoc bd tri nhu
Hinh 10.6.

M@ hinh phan tich thong ké c6 dang nhu ham 10.23; trong d6 Y = bién phu
thudc, p = trung binh téng thé dugc ude lugng tir trung binh mau (Yag), o (i =
1...a) = tham s6 dic trung cho dnh huéng clia nhan t6 chinh A, B; ( = 1...b) = tham
s6 dic trung cho anh huéng caa nhan t6 phu B, (af); = tuong tic giita nhan t§ A
v6i nhan t6 B, ki = tham sé dic trung cho anh huong cua khéi, &y = sai s ngau
nhién caa nhan tb A, e = sai s6 ngiu nhién ciia nhan t6 B.
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Yig = 1+ o + K + g+ By + (ap)jj + & (10.23)

S6 lan 1ap lai
I ] 11

Nghiém thirc Daurdi Saoden Vénvén .. Daurdi Saoden Veénvén
1 YAll YA21 YA31 e YA13 YA23 YA33
2 YBll YBZl YB31 YBl3 YBZ3 YB33
3 YCll YC21 YC31 e YC13 YC23 YC33

Hinh 10.6. So db bé tri thi nghiém hai nhan t ¢6 16 phu.
~ Néu s dung md hinh tuyén tinh tong quat dé phan tich bién dong cta 2 nhan

to duoc bo tri theo ’kiéu [6 chinh — 16 phu, th,‘l mo hinh c6 dan,g nhu Ham 10.24. O
Ham 10.24, Y = bién phu thudc, X; = nhan t6 thi nghiém 1 (bo tri ¢ 16 chinh), X, =
nhan t6 thi nghiém 2 (b6 tri ¢ 16 phu), Khéi = sai s6 cua 16 chinh, & = sai s6 thi
nghiém.

Y = Bo + BiXy + BoXo + BaXiXp + BsKNGi + & (10.24)
10.3. Ung dung phén tich phwong sai trong 1am hoc
10.3.1. Phén tich phwong sai mt nhan t6
10.3.1.1. Kiéu thi nghiém ngdu nhién hoan toan

Gia s nghién ctru anh huong cua 3 cap dia hinh (chan, suon, dinh) dén sinh
treong D (cm) cua ring trong Sao den 35 tudi. Két qua thi nghiém duoc ghi lai &
Phu luc 7. M6 hinh tuyén tinh tong quéat: D = Bo + B1X1 + &; trong d6 X; = nhan to
dia h‘lnh‘, ¢ = sal s6 ngau nhién. Pé kiém dinh md hinh nay, cac budc xt 1y so lidu
bang phan mém SPSS for Window nhu dudi day.

.....

e m— -

Hinh 10.7. Buong kinh cua rirng Sao den tré}l b;c{ cap di'a hinh.

Budc 1. Nhap sé liéu vao bang tinh SPSS. Sé liéu duoc nhap theo hai cot.
Cot 1 1a bién D theo thir tu tir nghiém thie 1 dén nghiém thic 3. Cot 2 nhap ma
bién doc lap (X;) hay dia hinh. O vi du nay, ma sé 1, 2 va 3 tuong tng 13 1/3 sudn
dinh, 1/3 suon gitra va 1/3 suon dudi (Hinh 10.7).
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Hinh 10.10. So sanh D cua rimg Sao
den gitra ba dia hinh.

Budc 2. Xay dung mé hinh tuyén tinh tong quat: D = Bo + B1X; + &. Dé kiém
dinh m6 hinh nay, tr menu chinh, chon Analyze > GLM: Univariate. Dén day chon
bién D va chuyén né vao Dependent Variable. Tuong tu, chon bién Dia hinh va
chuyén vao Fixed Factor (Hinh 10.8). B¢ thuc hién cac phan tich théng ké, tir cia
s6 Univariate ¢ Hinh 10.8, chon Model. Ké dén danh dau muc Custom va chuyén
bién Pia hinh tir 6 Factor & Covariate sang 6 Model (Hinh 10.9). Tiép dén chon
Continue & Hinh 10.9; sau d6 chon Post Hoc & Hinh 10.8. Khi xuat hién cira s6
Univariate Post Hoc Multiple Comparisons for Observed Means, chon nhan t6 Pia
hinh trong & Factor va chuyén né sang 6 Post Hoc Tests for. Ké dén chon kiém dinh
Tukey’s Test va Continue (Hinh 10.10). Mtc tin cdy mic dinh 12 0,95. Sau d6 kiém
dinh thuan nhat D cua rung Sao den gitra ba dia hinh. Pé dat muc dich nay, tai ctia
s6 Univariate: Option (Hinh 10.8), chon Homogeneity Test va Descriptive Statistics
(Hinh 10.11). Cudi cing chon Continue ¢& Hinh 10.11 va chon OK Hinh 10.8 dé
nhan két qua phan tich GLM (Bang 10.1).
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Hinh 10.9. Xay dung mo hinh: D =
Bo + P1Xy +&.

Hinh 10.11. Kiém dinh thuan nhat D
cua rung Sao den gitra ba dia hinh.
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Bang 10.1a. Kiém dinh anh huéng cua dia hinh dén sinh trudng cua rimg Sao den.

Source SSii df MS F Sig.
(1) (2) 3 (4) (5) (6)
Corr. Model (1) 416.144 2 208.072 6.235 0.004
Intercept (2) 70725.689 1 70725.68 2119.24  0.000
Nghiém thuc (3) 416.144 2 208.072 6.235 0.004
Error (4) 1401.667 42  33.373
Total (5) 72543.500 45
Corr. Total (6) 1817.811 44

Bang 10.1b. Kiém dinh anh huong cua dia hinh dén sinh trudng cia rimg Sao den.

Dia hinh N (Cay) — Nhom ;
Pinh 15 35567
Chan 15 40.500 40,500
Swon 15 42.867
Sig. 0.061 0.506

O Bang 10.1, cot ¢6 nhan Source cho biét cac ngudn bién dong cua bién phu
thudc. Corrected Model (1) biéu thi tong cac bién thién caa bién phy thuoc do md
hinh hay do nhan té nghién ciru gay ra (3). Intercept 1a diém chan cia duong hoi
quy gitta trung binh cua cac nghiém thuc. Gia thuyét Ho: Diém chan = 0. Néu P <
0,05 (Mic dinh), thi gia thuyét Hy bi bac bé. Nghiém thirc (3) biéu thi bién dong cua
bién phu thuoc do nghiém thic gay ra. Error (4) 1a sai so thi nghiém hay bién dong
ctia nhimg nhan t6 khong giai thich dugc. Total (5) la tong binh phuong cua bién
phu thudc (Y;%). Corrected Total (6) 1a tng chénh léch binh phuwong cta bd phan tao
ra sy bién thién cua bién phu thuoc do md hinh (1) cong véi bo phan tao ra bién
thién cua bién phu thuoc do sai s6 (4),  nghia 1a (6) = (1) + (4). Cot c6 nhan SSy;; cho
biét tong binh phuwong cua cac nguon bién thién theo kiéu Ill. Cot c6 nhéan df
(Degree of Freedom) chi do ty do cua cac thanh phan trong mé hinh. Cot c6 nhan
MS (Mean Square) biéu thi trung binh binh phuong ciia cac nguon bién dong va
duoc tinh bang cach chia tong binh phuong cua cac ngudn bién thién (Cot 2) cho do
tu do tuwong ung (Cot 3). Cot co nhan F (Cot 5) |4 tiéu chuan kiém dinh gia thuyet
Ho cho rang cac mac cua nhan t6 nghién ctu (Bién doc 1ap) anh huong dong déu
dén két qua thi nghiém (Blen phu thudc). Gia tri F = (Means Square/Error) la trung
binh binh phuong cua cac nguon bién dong chia cho sai s6. Néu gia thuyét Hy la
dung thi F = 1. Néu F >> 1 thi bac bo Hy va chap nhan Hy', nghia 13 cic mirc cia
nhan t6 nghién ctu anh huéng khong dong déu dén bién phu thuoc. Cot cd nhan
(Sig) cho biét muc y nghia cua kiém dinh hay xac suit chap nhan gia thuyét H.
Trong cac séch thong k&, mirc y nghia cta kiém dinh thudng duoc ki hiéu bang chi
P hay P — value. Néu P < 0,05 thi gia thuyét H, bi bac bo.
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10.3.1.2. Kiéu thi nghiém theo khéi day dii ngdu nhién

Gia sir can xac dinh anh huéng cua 5 cap do tan che dén sinh truéng chiéu
cao (H, cm) cua cay con Dau song nang 8 thang tudi trong giai doan vudn wom. Thi
nghiém dugc bé tri theo kiéu khdi diy da ngau nhién hoan toan véi 5 nghiém thurc;
mdi nghiém thirc 13p lai 3 1an. Két qua thi nghiém duogc ghi lai & Phu luc 8. M6 hinh
tuyén tinh tong quat H =B+ lel + B,*Khéi + ¢; trong d6 X; = nhan to thi
nghiém, € = sai s6 ngiu nhién. Pé kiém dinh mo hinh nay, cac budc xu 1y s licu
nhu dudi day.

Budc 1. Nhap s6 liéu vao bang tinh SPSS. S ligu dugc nhap vao bang tinh
SPSS ;heo ba cot. Cot 1 nhap bien H ‘theo thir tu tr nghiém thire 1 dén 5. Cot 2 nhap
ma bién doc 1ap (X;). Cot 3 nhap so lan lap lai cia moi nghiém thic (Hinh 10.12).
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Hinh 10.12. Chidu cao cia Diu song nang 8 thang tudi.

Budc 2. Xy dung md hinh tuyén tinh tong quat: H = o + B1 Xy + B,*Khdi +
g. Pé dat muc dich nay, tir menu chinh, chon Analyze > GLM: Univariate. Pén day
chon bién H va chuyén nd vao Dependent Variable. Tuong tu, chon bién Khdi va
X, va chuyén vao Fixed Factor (Hinh 10.13). B¢ thyc hién cac phan tich thong ke,
tir cra s6 Univariate & Hinh 10.13, chon Model. Ké dén danh diau muc Custom va
chuyén bién Khéi va X, tir 6 Factor & Covariate sang 6 Model (Hinh 10.14). Tiép
dén chon Continue & Hinh 10.14; sau d6 chon Post Hoc & Hinh 10.13. Khi xuét hién
ctra s6 Univariate Post Hoc Multiple Comparisons for Observed Means, chon nhan
t6 X, trong 6 Factor va chuyén nd sang 6 Post Hoc Tests for. Tiép theo chon kiém
dinh Tukey’s Test. Muc tin cdy mic dinh 1a 0,95. Sau d6 kiém dinh thuan nhit H
ciia Dau song nang gitta 5 cap do tan che. Pé dat muyc dich nay, trudc hét chon
Option ¢ Hinh 10.13; sau d6 chon Homogeneity Test va Descriptive Statistics (Hinh
10.16). Cudi cung chon Continue va chon OK ¢ Hinh 10.13 dé nhan két qua phan
tich GLM (Bang 10.2).
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Hinh 10.13. S6 lidu dé xay dung m6
hinh: H = Bo + B X1 + Po*Khdi.

Hinh 10.15. So sanh H cta Dau song
nang theo 5 cap do tan che.
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Hinh 10.14. Xay dung mo hinh: H =
Bo + B1X1 + B2*Khdi.

Hinh 10.16. Kiém dinh thuin nhat H
cua Dau song nang theo 5 dg tan che.

Bang 10.2a. Kiém dinh anh huéng ciia d6 tan che dén sinh truéng chiéu cao cua
ciy con Dau song nang 8 thang tudi. M6 hinh H = By + B X; + B,*Khdi.

Source SSii Df MS F Sig.
1) (2) 3) 4) (5) (6)
Corrected Model 648.326 7 92.618 3.072 0.042
Intercept 145419.458 1 145419.458 4823.519 0.000
Khoéi  232.774 3 77.591 2.574 0.103
X1 415.552 4 103.888 3.446 0.043
Error 361.776 12 30.148
Total 146429.560 20
Corrected Total  1010.102 19
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Bang 10.2b. Kiém dinh anh huong cua do tan che dén sinh truéng chiéu cao cua
cay con Dau song nang 8 thang tudi & vuon wom. M6 hinh: H = 5 + 1 X; + €.

Source SSii Df MS F Sig.
) (2) 3 4 ©) (6)
Corrected Model 415.552 4 103.888 2.621 0.077
Intercept 145419.458 1 145419.458 3668.811 0.000
X1 415.552 4 103.888 2.621 0.077

Error 594.550 15 39.637

Total 146429.560 20
Corrected Total 1010.102 19

Giai thich va nhan xét két qua. Gia thuyét Ho: D6 tan che anh huong dong
déu dén sinh truong H ciia cdy con Dau song nang 8 thang tudi. Bai vi P — value d6i
v6i Khéi = 0,103 > 0,05 (Bang 10.2a), nén Khdi 1a dong nhat. Trong truong hop
nay, md hinh tuyén tinh tong quat duoc viét gon ¢ dang: H = Bo + PiXy t e Két qua
phan tich phuong sai (Bang 10.2b) cho thiy do tan che anh hudng dong déu (P =
0,077 > 0,05) dén sinh trudong H cta ciy con Dau song nang 8 thang tudi.

10.3.1.3. Kiéu thi nghiém binh phwong la tinh

Gia thiét phan tich anh ‘huong cua 6 ham lugng phén Super lan (X% =0, 1,
2,3, 4, 5 so voi trong luong bau) dén sinh truong chiéu cao cua GO do 3 thang tudi.
Két qua thi nghiém dugc ghi lai & Phuy luc 9. Bé giai quyét van dé dat ra, cac budc
xur 1y s6 liéu nhu dudi day.

Budge 1. Nhap sé liéu vao bang tinh SPSS. Sé liéu duoc nhap theo 4 cot. Cot
1 14 H theo thu ty tir nghiém thirc 1 dén 6. Cot 2 nhap ma ham luong phan Super lan
(X1 =0,1,2, 3, 4,5%). Cot 3 va 4 nhap tuong Gng khdi hang (Xy) va khéi cot (X3)
(Hinh 10.17).
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Hinh 10.17. Chidu cao cia Go d6 3 thang tudi.

Buéc 2. Xay dung md hinh tuyén tinh tong quat: H = Bg + B1X1 + PoXo +
BsXs + ¢; trong d6 By = diém chan (Intercept), X; = Ham lugng phan Super lan, X,
= Khdi cot, X5 = Khdi hang, By, P, va Bs = hé sb phan anh anh huéng cua Xy, X, va
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Xs, € = sai s6 ngau nhién. Bé dat muc dich nay, tir menu chinh, chon Analyze >
GLM: Univariate. Bén ddy chon bién H va chuyén vao Dependent Variable. Tuong
tu, chon Hang va Cot va chuyén vao Fixed Factor (Hinh 10.18). Bé thuc hién céc
phan tich thong k&, tir cira s6 & Hinh 10.18, chon Model. Ké dén danh diu muc
Custom va chuyén bién X;, X, va Xs tir 6 Factor & Covariate sang 6 Model (Hinh
10.19). Tiép dén chon Continue & Hinh 10.19; sau d6 chon Post Hoc ¢ Hinh 10.18.
Khi xuat hién cira s6 Univariate Post Hoc Multiple Comparisons for Observed
Means, chon nhan t6 X3, X, va Xs trong 6 Factor va chuyén chung sang 6 Post Hoc
Tests for. Tiép theo chon kiém dinh Tukey’s Test (Hinh 10.20). Muc tin cdy mic
dinh 12 0,95. Sau d6 kiém dinh thuan nhat H cia G& do giita 6 ham lugng phan
Super l1an. Bé dat muc dich nay, tai cra s6 Univariate: Option, chon Homogeneity
Test va Descriptive Statistics (Hinh 10.21). Cubi cing chon Continue va chon OK &
Hinh 10.18 dé nhan két qua phéan tich GLM (Bang 10.3).
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Hinh 10.18. S6 liéu dé xay dyng mo Hinh 10.19. Xay dung mo hinh: H =
hinh: H = Bg + ByXy + BoXo+ BsXs.  Bo + B1Xy + B2Xo + BaXs.
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Hinh 10.20. So sianh H cia Go d6 Hinh 10.21. Kiém dinh thuan nhat H
theo 6 muc Super lan. cua GO dd theo 6 muc Super lan.
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Bang 10.3a. Kiém dinh anh huéng ctia Super 1an dén sinh truéng chiéu cao cua ciy
con G& d6 3 thang tudi & vuon wom. M6 hinh H = Bg + B Xy + BoXo + BsXs.

Source SSii Df MS F Sig.
) (2) 3 4) 5 (6)
Corrected Model 27047.0 15 1803.133 24.466 0.000
Intercept 59049.0 1 59049.000 801.208 0.000
Super lan (X,) 24442.0 5 4888.400 66.328 0.000
Khéi hang (X)) 2028.0 5 405.600 5.503 0.002
Khéi cot (Xs) 577.0 5 115.400 1.566 0.215
Error 1474.0 20 73.700
Total 87570.0 36
Corrected Total 28521.0 35

Bang 10.3b. Kiém dinh anh huéng cua Super 1an dén sinh trueéng chiéu cao cua ciy
con G& d6 3 thang tudi & vuon wom. M6 hinh: H = Bo + B X, + &.

Source SShi Df MS F Sig.
1) (2) 3) (4) ©) (6)
Corrected Model 24442.000 5 4888.400 35.953 0.000
Intercept  59049.000 1 59049.000 434.290 0.000
Super lan (X) 24442.000 5 4888.400 35.953 0.000
Error  4079.000 30 135.967
Total 87570.000 36
Corrected Total 28521.000 35

Bang 10.3c. Phan nhom Super lan anh huéng dong déu dén sinh truong chiéu cao
cua cay con Go do 3 thang tuoi ¢ vuon wom.

A Nhém thuan nhat:
Super lan (%) N 1 > 3 7]
5 6 5.000
4 6 15.333 15.333
3 6 34.333 34.333
2 6 43.500
1 6 65.500
0 6 79.333
Sig. 0645 0.081 0.749 0.337

Giai thich va nhan xét két qua. Gia thuyét Ho: Ham luong phan Super lan tur
0 — 5% anh huong dong déu dén sinh truong H cua cay con G6 do 3 thang tudi. Boi
vi P < 0,001 (Bang 10.13a), nén su thay doi ham luwong phan Super 1an tir 0 — 5%
anh huong rd rét dén sinh trudong H cta ciy con Go d6 3 thang tudi. Bang 10.13b 1a
mod hinh khong bao gdm yéu t6 Cot va Hang. Tir s liéu & Bang 10.13c cho thay,
bon phan Super 1an tir 0 — 1% so v&i trong lwong bau dam bao cho cay con G d6 3
thang tudi sinh truéng t6t nhat.
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10.3.2. Phén tich phwong sai hai nhan t6
10.3.2.1. Kiéu thi nghiém hoan toan ngdu nhién

Gia sir can tham do sinh truong chiéu cao (H, cm) cua cdy con Dau song
nang trong giai doan 6 thang tudi & vuon wom dudi anh hudng ctia 3 mic phan dam
(X1 =1, 2 va 3% so véi trong luong rudt bau); mdi mirc phan dam duoc sd sung
thém 3 mue Super 1an (X; = 0,5, 1,0, 1,5% so vdi trong lugng rudt bau) Mbi 16 thi
nghiém sir dung 15 cdy 1 tuan tudi dong déu vé hinh thai va sirc séng. Két qua thi
nghiém duoc ghi lai & Phu luc 10. Cac gia thuyét: (1) Cac muc dam anh huéng
déng déu dén sinh truéng H ciia Dau song nang; (2) Cac mirc Super 1an anh huéng
dong déu dén sinh truong H cta Dau song nang; (3) Su ph01 hop cua cac murc dam
va Super lan anh huong dong déu dén sinh truong H cua Dau song nang. D¢ kiém
dinh cac gia thuyét nay, cac budc xtr Iy nhu dudi day.

Budc 1. Nhap s6 liéu vao bang tinh SPSS. S6 ligu dugc nhap theo 4 cot
(Hinh 10.22)., Cot 1 nhap bien H. Cot 2 nhap thir tu cay dugce do H. Cot 3 va 4 nhap
tuong ung bieén X; (Pam) va bién X, (Super lan).

T el T R T —————
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Hinh 10.22. Chiéu cao cua ciy con Dau song nélrll'g”6 tﬁéng tudi.

Budgc 2. Xay dyng mé hinh tuyén tinh tong quat: H = Bg + Xy + PoXo +
BsX1 X, + €; trong d6 Bg = diém chan (Intercept), X; = Bam, X, = Super lan, X;*X,
= tuong tac gitra hai yéu t6 X; va Xy, P1, B, va Bs = hé s6 phan anh anh hudng cua
X1, X, va X;X,, € = sai s6 ngau nhién. Bé dat muc dich nay, tir menu chinh, chon
Analyze > GLM: Univariate. Dén day chon bién H va chuyén vao Dependent
Variable. Tuong tu, chon X; va X, va chuyén vao Fixed Factor (Hinh 10.23).

Dé thuc hién céc phan tich théng ke, tir cira s6 Univariate & Hinh 10.23, chon
Model. Ké dén danh diu muc Custom va chuyén bién X; va X, tir 6 Factor &
Covariate sang & Model (Hinh 10.24). Tiép dén chon Continue ¢ Hinh 10.24; sau d6
chon Post Hoc ¢ Hinh 10.23. Khi xuat hién cira s6 Univariate Post Hoc Multiple
Comparisons for Observed Means, chon X; va X, trong 6 Factor va chuyén né sang
6 Post Hoc Tests for. Tiép theo chon kiém dinh Tukey’s Test (Hinh 10.25). Muc tin
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cdy mic dinh 12 0,95. Sau d6 kiém dinh thudn nhat H cua cdy con Dau song nang
gitta 3 ham lugng dam va Super 1an. Dé dat muc dich nay, tai cira sd Univariate:
Option, chon Homogeneity Test va Descriptive Statistics (Hinh 10.26). Cudi cung
chon Continue va chon OK ¢ Hinh 10.23 dé nhan két qua (Bang 10.4).
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i{inh 10.23. S6 liéu dé xay dung mf; Hinh‘10.24. Xay dung mo6 hinh: H =

hinh: H = Bo + BiXg + PaXo + Po+ Xy + PaXo + PaXy X
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Hinh 10.25. So séanh H ciia Dau song
nang 6 thang tudi theo ba murc dam
va Super lan.

Hinh 10.26. Kiém dinh thuin nhat H
cta Dau song nang 6 thang tuoi theo
ba mirc dam va Super lan.

Giai thich va nhan xét két qua. Gia thuyét Ho: Su phoi hop gitra ham luong
phan dam (X; = 1 —3%) va Super lan (X; = 0,5, 1,0, 1,5%) anh hudng dong déu dén
sinh truong H cua cay con Dau song nang 6 thang tudi. Bai vi P < 0,05 (Bang
10.4a), nén sy thay ddi ham luong dam tir 1 - 3% va Super lan tir 0,5 — 1,5% anh
huong rd rét den sinh truéng H cua cdy con Dau song nang 6 thang tudi. Béi vi P =
1,0 > 0,05 (Bang 10.4a), nén sy phoi hop gitta 2 nhan t6 X, va X anh huong khong
rd rét dén sinh trudng H cua cdy con DAu song nang 6 thang tudi. Tir s6 liéu & Bang
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10.4c cho thdy, bon phéan dam tur 1 — 3% so voi trong luong bau dam bao cho cay
con GO do 3 thang tudi sinh trudng tot nhat.

Bang 10.4a. Kiém dinh anh huong cia phan dam va Super lan dén sinh truong
chiéu cao cua cdy con Dau song nang 6 thang tuoi.

Source SSii Df MS F Sig.
) (2) 3 4) ) (6)
Corrected Model  2829.161 8 353.645 37.509 0.000
Intercept 487765.601 1 487765.601 51734.980 0.000
Pam (X;) 2764.800 2 1382.400 146.625 0.000
Super lan (X5) 64.361 2 32.181 3.413 0.036
X1*X, 0.000 4 0.000 0.000 1.000
Error 1187.948 126 9.428
Total 491782.710 135
Corrected Total 4017.109 134

Bang 10.4b. Phan nhém dam anh hudng dong déu dén sinh truong chiéu cao cua
cay con Dau song nang 6 thang tudi ¢ vuon uwom.
Nhom thuan nhat

0
Dam (%) N 1 >
1 45 56.91
2 45 56.91
3 45 66.51
Sig. 1.000  1.000

10.3.2.2. Kiéu thi nghiém theo khéi hoan toan ngdu nhién

Gia sur can phan tich anh huong cua 3 mic dam (X; = 1, 2 va 3% so véi
trong lugng bau) va 3 mirc Super 1an (X, = 0,5, 1,0, 1,5% so vdi trong lugng bau)
dén sinh truong chiéu cao (H, cm) cua cdy con Sao den trong giai doan 6 thang tudi
& vuon wom. Thi nghiém bao gom 9 nghiém thirc; mdi nghiém thirc duoc lip lai 5
lan (Kho1) Tong cong c6 45 16 thi nghiém. MG&i 16 thi nghiém str dung 49 cay dong
déu vé hinh thai va sitc song. Két qua thi nghiém duoc ghi lai ¢ Phu luc 11. Cac gia
thuyét: (1) Cac mirc dam anh hudong dong déu dén sinh truéng H cia Sao den; (2)
Céac mirc Super 1an anh hudng dong déu dén sinh truong H cta Sao den; (3) Su phéi
hop cta cac muc dam voi cac mie Super 1an anh huéng dong déu dén sinh trudng
H cua Sao den. Dé kiém dinh céc gia thuyét trén, cac bude xir Iy nhu dudi day.

Budc 1. Nhap s6 liéu vao bang tinh SPSS. Sé lidu dugc nhap theo 4 cot
(Hinh 10.27). Cot 1 nhap H (cm). Cot 2 va 3 nhap twong tng nhan t6 dam (X,) va
Super 1an (X5). Cot 4 nhap s6 l1an lap ctia mdi nghiém thirc (Khoi = Xs).

Budc 2. Xay dung mé hinh tuyén tinh tong quat: H = B + BiXy + PoXo +
BsX1 Xz + Ba*Xs + €; trong d6 By = diém chan (Intercept), X; = Pam, X, = Super
lan, X;*X, = twong tac giita hai yéu t6 X; va X,, X3 = Khoi, By, B, va P3 = hé sb
phan anh anh huong cua X, X, va X;X,, € = sai sb ngau nhién. bé dat muc dich
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ndy, tir menu chinh, chon Analyze > GLM: Univariate. Dén déy chon bién H va
chuyén vao Dependent Variable. Twong tu, chon X3, X, va X3 va chuyén vao Fixed

Factor (Hinh 10.28).
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Hinh 10.28. S6 lidu dé xay dung md
hinh: H = ¢ + B1X; + B2X2 + B3 X1 X;
+ Ba*Xs.

Hinh 10.29. Xay dung mé hinh: H =
Bo + PaX1 + B2Xo + BaX1X; + Ba*Xs.

Dé thuc hién cac phan tich thong ké, tir ctira s6 Univariate ¢ Hinh 10.28, chon
Model. Ké dén danh dau muc Custom va chuyén bién X;, X, va X; tir 6 Factor &
Covariate sang 6 Model (Hinh 10.29). Tiép dén chon Continue ¢ Hinh 10.29; sau d6
chon Post Hoc ¢ Hinh 10.28. Khi xuét hién ctra s6 Univariate Post Hoc Multiple
Comparisons for Observed Means, chon X; va X, trong 6 Factor va chuyén né sang
6 Post Hoc Tests for. Tiép theo chon kiém dinh Tukey’s Test (Hinh 10.30). Mg tin
cay mic dinh 12 0,95. Sau d6 kiém dinh thuin nhat H cia cdy con Sao den giira 3
ham lugng dam va Super lan. Dé dat muc dich nay, tai cira s6 Univariate: Option,
chon Homogeneity Test va Descriptive Statistics (Hinh 10.31). Cubi cung chon
Continue & Hinh 10.31 va chon OK Hinh 10.28 dé nhan két qua phan tich GLM

(Bang 10.5).

271



3 Gabne

lf,:nﬂmol Sancel ||,

Haty

Hgncance lapwl

——e

ww 50.0%

0% v':-;"’ll-'\:'k ervale wr
(Sacmnue ) | cancal | | vem |

Hinh 10.30. So sanh H cta Sao den Hinh 10.31. Kiém dinh thudn nhét H
6 thang tudi theo ba mic dam va cua Sao den 6 thang tudi theo ba mirc
Super lan. dam va Super lan.

Bang 10.5a. Kiém dinh anh huong cia phan dam va Super lan dén sinh truong

chiéu cao cua ciy con Sao den 6 thang tudi.

Source SSii Df MS F Sig.
1) (2) 3) 4) ) (6)
Corrected Model 10665.422 12 888.785 35.830 0.000
Intercept 333852.800 1 333852.800 13458.791 0.000
bam (X;) 3040.533 2 1520.267 61.287 0.000
Super lan (X,) 578.133 2 289.067 11.653 0.000
Khéi (X5)  257.422 4 64.356 2.594 0.055
X;* X, 6789.333 4 1697.333 68.426 0.000
Error 793.778 32 24.806
Total 345312.000 45
Corrected Total 11459.200 44

Bang 10.5b. Kiém dinh anh huong ctua dam va Super 1an dén sinh truéng chiéu cao
cua cay con Sao den 6 thang tuoi ¢ vuon wom. Truong hop mo hinh tuyén tinh tong
quat ¢ dang: H = B + B1X; + B2 X5 + B3 X1 X + €.

Source SShi Df MS F Sig.
1) (2) 3 (4) ®) (6)
Corrected Model 10408.000 8 1301.000 44,555 0.000
Intercept 333852.800 1 333852.800 11433.315 0.000
Pam (X;) 3040.533 2 1520.267 52.064 0.000
Super lan (X5) 578.133 2 289.067 9.900 0.000
X;* X, 6789.333 4 1697.333 58.128 0.000
Error  1051.200 36 29.200
Total 345312.000 45
Corrected Total 11459.200 44
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Bang 10.5c. Phan nhom dam anh hudng ddng déu dén sinh truong chiéu cao cua
cay con Sao den 6 thang tudi & vuon uom.
Pam (%) N Phan nhom thuan nhat

1 2 3
1 15 76.13
3 15 86.00
2 15 96.27
Sig. 1.000 1.000 1.000

Giai thich va nhan xét két qua. SO liéu & Bang 10.5a cho thay su thay do6i
ham luong phan dam (X; = 1 — 3%) va Super lan (X; = 0,5, 1,0, 1,5%) anh hudng
1o rét (P < 0,01) dén sinh trudong H cia ciy con Sao den 6 ‘thang tudi. Su phdi hop
giita 2 nhan t& X; va Xj cling anh hudng rd rét (P < 0,01) dén sinh trudng H cua cay
con Sao den 6 thang tudi. Bang 10.5b 1a m6 hinh khong bao gdm yéu t6 Khéi. Tir s6
liéu & Bang 10.5¢ cho thay, bon phan dam véi ty 1& 2% so véi trong lugng bau dam
bao cho cay con Sao den sinh truong tot trong 6 thang dau ¢ vuon wom.

10.3.2.3. Kiéu thi nghiém binh phwong la tinh

Gia thiét can danh gia anh huong cia kich thudc bau va phan tong hop NPK
dén sinh truong chiéu cao cia Dau con rai 8 thang tudi ¢ vuon wom. Kich thudc
bau bao gom 2 cap: 15*25 cm va 20*30 cm. Phan téng hop NPK bao gém 3 muc: 1,
2 va 3% so Vi trong lwong bau. Tong s6 2*3 = 6 nghiém thuc. M&i nghiém thirc
dugc bo tri 13p lai 6 1an. Két qua thi nghiém duoc ghi lai & Phu luc 12. Cac gia
thuyét: (1) Su thay doi kich thudc bau anh huong dong déu dén sinh truong H cua
DAau con rai; (2) Cac mirc phan tong hop NPK anh huéng dbng déu dén sinh truong
H ctia Dau con rai; (3) Su phol hop cua cac kich thudce bau VGi cac mic phéan tong
hop NPK anh huong dong déu dén sinh truong H ciia Dau con rai. Pé kiém dinh
c4c gia thuyét trén, cac budc xir Iy nhu dudi day.

Budc 1. Nhap s6 liéu vao bang tinh SPSS. Sé liéu dugc nhap theo 4 cot
(Hinh 10.32). Cot 1 1a H (cm). Cot 2 la nghiém thuc. Cot 3 va 4 nhap twong Gng
khéi hang (X,) va khéi cot (X,). Cot 5 va 6 nhap tuong tmg kich thude bau (X3) va
phan tong hop NPK (Xy).
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Hinh 10.32. Chiéu cao ctia ciy con Dau con r4i 8 thang tudi.
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Budc 2. Xay dung mé hinh tuyén tinh téng quat: H = Bg + P1X1 + BoXo +
BaXs + Bs*Xy + Bs*X3*X, + ] trong d6 Bo = diém chan (Intercept), X; = Khéi hang,
X, = Khdi cot X3 = Kich thuge bau, X, = Phan tong hop NPK, X3*X,4 = tuong tac
gitra hai yéu t6 X5 va Xy, B1, Ba, Bs va Bs = hé s6 phan anh anh hudng cua Xy, X,
Xs, X4 va X3X4, € = sai s6 ngau nhién. Bé dat muc dich nay, tir menu chinh, chon
Analyze > GLM: Univariate. Pén day chon bién H va chuyén vao Dependent
Variable. Tuong tw, chon X;, X, X3 va X, va chuyén vao Fixed Factor (Hinh
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Hinh 10.33. S6 liéu dé xay dung mo
hinh tuyén tinh tong quat theo kiéu
thi nghiém binh phuong la tinh.
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Hinh 10.35. So sanh H ctia Dau con
rai 8 thang tudi theo 2 cap bau va 3
muc phan tong hgp NPK.
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Hinh 1034. Xay dung mo hinh
tuyén tinh tong quat theo kiéu thi
nghiém binh phuong la tinh.
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Hinh 10.36. Kiém dinh thuin nhét H
ciia Dau con rai 8 thang tudi theo 2
cap bau va 3 muc phan NPK.

Halp |

Dé thuc hién céc phan tich théng ke, tir cira s6 Univariate & Hinh 10.33, chon
Model. Ké dén danh dau muc Custom va chuyén bien X, X,, X3, X4 va X3X, tir 0
Factor & Covariate sang 6 Model (Hinh 10.34). Tiép dén chon Continue ¢ Hinh
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10.34; sau d6 chon Post Hoc & Hinh 10.33. Khi xuat hién cira s6 Univariate Post
Hoc Multiple Comparisons for Observed Means, chon X3, X,, X3, X4 trong 0 Factor
va chuyen ching sang 6 Post Hoc Tests for. Tiép theo chon kiém dinh Tukey’s Test
(Hinh 10.35). Muec tin cay mac dinh la 0,95. Sau do kiém dinh thuan nhat H cua cay
con DAu con rai theo 4 yeu td (Xq, Xy, X3, Xy). bé dat muc dich nay, tai cta sb
Univariate: Option, chon Homogeneity Test va Descriptive Statistics (Hinh 10.36).
Cubi cung chon Continue ¢ Hinh 10.36 va chon OK & Hinh 10.33 dé nhan két qua
phan tich GLM (Bang 10.6).

Bang 10.6a. Kiém dinh anh huéng cua kich thudce bau va phan tong hop NPK dén
sinh trudng chiéu cao ctia Dau con rai 8 thang tuoi.

Source SSi Df MS F Sig.

) (2) 3 4) ©) (6)
Corrected Model 1851.784 15 123.452 40.236 0.000
Intercept 170280.023 1 170280.023 55498.948 0.000
Khéi hang (X4) 8.709 5 1.742 0.568 0.724
Khbi cot (X») 137.573 5 27.515 8.968 0.000
Kich thuéc bau (Xs) 755.334 1 755.334 246.184 0.000
Phan NPK (X,) 712.500 2 356.250 116.112 0.000
X3*X4 237.669 2 118.834 38.731 0.000

Error 61.363 20 3.068

Total 172193.170 36
Corrected Total 1913.147 35

Bang 10.6b. Ki‘ém dinh anh huong cua kich thude bau va phan tong hop NPK dén
sinh trueong chiéu cao cua Dau con rai 8 thang tudi. Truong hop mo hinh tuyén tinh
tong quat & dang: H = Bo + BaXs + BaXa + Ps*X3*X, + €.
Source SSyi Df MS F Sig.
1) (2) ) (4) () (6)
Corrected Model  1705.502° 5 341.100 49.281 0.000
Intercept 170280.023 1 170280.023 24601.607 0.000
1
2

Kich thuéc bau (Xs) 755.334 755.334  109.129 0.000
Phan NPK (X,) 712.500 356.250 51.470 0.000
X3 * X4 237.669 2 118.834 17.169 0.000
Error 207.645 30 6.921
Total 172193.170 36
Corrected Total  1913.147 35

Giai thich va nhan xét két qua. S6 liéu & Bang 10.6a cho thiy su thay doi
kich thuéc bau (X3) va ham lwong phéan téng hop NPK (X,) anh huong rd rét (P <
0,01) dén sinh truong H ciia cay con Dau con rai 8 thang tudi. Sy phdi hop gitra 2
nhan t6 X3 va X4 cling anh huong rd rét (P < 0,01) dén sinh truong H cua cay con
Dau con rai 8 thang tudi. Bang 10.6b 1a mé hinh khéng bao gém yéu té X; va Xo.
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Tir s6 lidu & Bang 10.6¢ cho thay, ham luong phan téng hop NPK = 2 - 3% so véi
trong luong rudt bau dam bao cho cay con Dau con rai sinh trudng tt trong 8 thang
dau & vuon vom.
Bang 10.6¢. Phan nhom phén tong hop NPK anh huéng dong déu dén sinh trudng
chiéu cao cua cy con Dau con rai 8 thang tudi & vuon uvom.
A Ph4n nhom thuan nhat
Phan NPK (%) N

1 2
1 12 62.525
3 12 71.275
2 12 72.525
Sig. 1.000 0.483

10.3.2.4. Kiéu thi nghiém 16 chinh — 16 phu

Gia thiét can danh gia anh huong cua ba phuong thirc xtr 1y dat dén sinh
truong chiéu cao cua ba loai (Dau con rai, Sao den, Vén vén) 8 thang tudi. Mdi thi
nghiém duoc l3p lai 4 1an. O day chon 18 chinh 1a 3 phuong thuce xu 1y dat, con 16
phu 1a 3 loai cay. Két qua thi nghiém dugc ghi lai & Phu luc 13. Gia thuyét Hy:
Phuong thic xir Iy dat anh huong dong déu dén sinh truong H cia ba loai (Dau con
rai, Sao den, Vén vén) trong giai doan 8 thang tudi. Bé kiém dinh cac gia thuyét
trén, cac budc xu ly nhu dudi day.

Bugc 1. Nhap sb liéu vao bang tinh SPSS. Sé liéu duoc nhap theo 4 cot
(Hinh 10.37). Cot 1 1a H (cm). Cot 2 1a khéi (X;). Cot 3 1a phuong thuc xtir 1y dat
(X5). Cot 4 1a loai cay (X3).
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Hinh 10.37. Chiéu cao cia DAu con réi, Sao den, Vén vén 8 thang tudi.

Budc 2. Xay duyng md hinh tuyén tinh tong quat: H = By + P1Xy + PoXo +
BsXz + Ba*Xo*X3 + g; trong d6 By = diém chan (Intercept), X; = Khdi, X, = Phuong
thire xu 1y dat, X3 = Loai cay, X,*X3 = Tuong tac gitra hai yéu td X, va Xa, B1, P2,
B3 va B4 = hé s6 phan anh anh huéng ciia Xy, Xy, X3 va X,Xs, € = sai $6 ngau nhién.
Pé dat muyc dich nay, tir menu chinh, chon Analyze > GLM: Univariate. Pén day
chon bién H va chuyén vao Dependent Variable. Tuwong tir, chon Xy, X, va X5 va
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chuyén vao Fixed Factor (Hinh 10.38). Bé thuc hién cac phan tich théng ké, tir cira
s6 Univariate ¢ Hinh 10.38, chon Model. Ké dén danh dau muc Custom va chuyén
bién Xy, X,, X3 va X,X5 tir 6 Factor & Covariate sang & Model (Hinh 10.39). Tiép
dén chon Continue & Hinh 10.39; sau d6 chon Post Hoc & Hinh 10.38. Khi xuét hién
ctra s6 Univariate Post Hoc Multiple Comparisons for Observed Means, chon Xj,
X, X3 trong 6 Factor va chuyén chiing sang 6 Post Hoc Tests for. Tiép theo chon
kiém dinh Tukey’s Test (Hinh 10.40). Mtc tin cay mic dinh 1 0,95. Sau d6 kiém
dinh thuan nhit H cua loai cay theo nhan td X,. Pé dat muc dich nay, tal ctra sb
Univariate: Option, chon Homogeneity Test va Descriptive Statistics (Hinh 10.41).
Cubi cing chon Continue ¢ Hinh 10.41 va chon OK & Hinh 10.38 dé nhan két qua
phan tich GLM (Béang 10.7).
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Hinh 10.38. S5 liéu dé xdy dyng mo Hin,hr 10.39. Xay dung mé hinh
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flinh 10.40. So sanh H cta Dau coﬁ Hinh 10.41. Kiém dinh thuin nhét H
rai, Sao den, Vén vén & thang tu01 ctia DAu con rai, Sap den, Vén vén |

Binge s TanktiRmdiRhnlysng cua phugig sk ushly ivcden ynfiiruong chiéu

cao cua ba loai (Dau con rai, Sao den, Vén vén) 8 thang tuoi.

277



Source SSi Df MS F Sig.

) (2) 3 4) 5) (6)
Corrected Model 2992.361 11 272.033 22.161 0.000
Intercept  927048.028 1 927048.028 75520.413 0.000

Khéi (X4) 61.639 3 20.546 1.674 0.199

Xt Iy dat (Xy) 476.722 2 238.361 19.418 0.000
Loai cdy gb (X3) 997.389 2 498.694 40.625 0.000

Xo* X5 1456.611 4 364.153 29.665 0.000
Error 294.611 24 12.275
Total 930335.000 36
Corrected Total 3286.972 35

Bang 10.7b. Kiém dinh anh huong cta phuong thire xtr Iy dat dén sinh truong chiéu
cao cua ba loai (Dau con rai, Sao den, Vén vén) 8 thang tudi. M6 hinh: H = By +
BaXa + BsXs + Ba*Xo*Xs + &.
Source SShi Df MS F Sig.
1) (2) 3 (4) () (6)
Corrected Model 2930.722° 366.340 27.765 0.000
Intercept 927048.028 927048.028 70260.482 0.000
Xt 1y dat (X,) 476.722 238.361 18.065 0.000
Loai cay g6 (X3) 997.389 498.694 37.796 0.000
Xo,*X3  1456.611 364.153 27.599 0.000
Error 356.250 27 13.194
Total 930335.000 36
Corrected Total  3286.972 35

Bang 10.7c. Phan nhom phuong thuc xu ly dat anh huong dong d;éu dén sinh
trurdng chiéu cao cua ba loai (Dau con rai, Sao den, Vén vén) 8 thang tuoi.

A NN O

Xir 1y d A N Nholm thuan rzlhat
3 12 155.42
2 12 162.17
1 12 163.83
Sig. 1.000 0.485

Giai thich va nhan xét két qua. Sé liéu & Bang 10.7a cho thiy phuong thirc
xu 1y dat (X,) anh huong rd rét (P < 0,01) dén sinh truong chiéu cao cua ba loai
(Dau con rai, Sao den, Vé&n vén) 8 thang tudi. Chiéu cao cua ba loai cay 2o (Xa)
khac nhau rd rét (P < 0,01). Bang 10.7b 1a md hinh khong bao gom yéu td Xy. Tir s6
liéu & Bang 10.7¢ cho thay, phwong thire xir Iy dat 1 va 2 dam bao cho cdy con cua
ba loai (DAu con réi, Sao den, Vén vén) sinh trudng tbt trong 8 thang dau.

10.3.3. Phan tich phwong sai mt nhan t6 v6i nhiéu bién phu thudce
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Gia sir can phan tich anh huéng ctiia 7 muc phan tong hop NPK (X = 0, 1,
2,..., 6% so véi trong luong bau) dén sinh trudng chiéu cao (H, cm), D (cm) va sd 14
(La) cua cay con Go do trong giai doan 6 thang tu01 0 vuon wvom. Thi nghiém bao
goém 7 nghiém thirc va dugc bo tri theo khéi ngau nhién hoan toan. Mdi nghiém
thire duoc 13p lai 3 1an (Khéi). Tong s6 21 16 thi nghiém. Mdi 16 thi nghiém sir dung
49 cay dong déu vé hinh thai va siic séng Két qua thi nghiém dugc ghi lai ¢ Phy
luc 14. Gia thuyet Ho: Cac mirc phan tong hop NPK anh huong dong déu dén sinh
truong D, H va sb 14 ctia G5 d6 trong giai doan 6 thang tudi & vudn wom. Dé kiém
dinh cac gia thuyét trén, cac budc xtr Iy nhu dudi day.

Budc 1. Nhap s6 ligu vao bang tinh SPSS. S6 ligu dugc nhap theo 5 cot
(Hinh 10.42). Cot 1 nhap khoi (X;). Cot 2 nhap ham lugng phén tong hop NPK
(Xy). Cot 3, 4 va 5 nhap twong trng D, H va s0 14 cuia cay con Go do.

4 TV Sl G Tow e T] A 1P S bl B b -—
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Hinh 10.42. Sinh truéng ciia cdy con G d6 6 thang tudi dusi anh huong
cua phan tong hop NPK.

Budc 2. Xay dung mo hinh tuyén tinh tong quét: Y; = By + P1X1 + PoXo + €;
trong d6 Y = (D, H, s la) Bo = diém chan (Intercept), X; = Khdi, X2 = Phan tong
hop NPK, B va B, = hé s6 phan anh anh huéng ciia X; va X,, & = sai s6 ngau nhién.
Dé dat muc dich nay, tir menu chinh, chon Analyze > GLM: Multivariate. Dén day
chon bién D, H va sb 14 va chuyén chung vao Dependent Variable. Tuong tu, chon
X, va X, va chuyén vao Fixed Factor (Hinh 10.43). Bé thyc hién céc phan tich
théng ké, tir cira s6 Multivariate & Hinh 10.43, chon Model. Ké dén danh dau muc
Custom va chuyén X; va X, tir & Factor & Covariate sang & Model (Hinh 10.44).
Tiép dén chon Continue ¢ Hinh 10.44; sau d6 chon Post Hoc & Hinh 10.43. Khi
Xuat hién ctra s6 Post Hoc Multiple Comparisons for Observed Means, chon X; va
X, trong 6 Factor va chuyén chiing sang 6 Post Hoc Tests for. Tiép theo chon kiém
dinh Tukey’s Test (Hinh 10.45). Muc tin cay mac dinh la 0,95. Sau do kiém dinh
thuan nhéat D, H va s6 14 cua cay con G6 do gitra 7 ham luwong phan tong hop NPK.
Dé dat muc dich nay, tai ctra s6 Univariate: Option, chon Homogeneity Test va
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Descriptive Statistics (Hinh 10.46). Cudi cung chon Continue ¢ Hinh 10.46 va chon
OK ¢ Hinh 10.43 @€ nhan két qua phan tich GLM (Bang 10.8).
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Hinh 10.43. S6 liéu dé xay dung mo
hinh: Y; = Bo + B1 Xy + B2Xo.
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Hinh 10.45. So sinh D, H va s6 14
cua GO do 6 thang tudi theo cac mirc
phén tong hgp NPK.
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Hinh 10.44. X4y dyng mo hinh: Y; =
Bo + B1X1 + B2Xa.
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Hinh 10.46. Kiém dinh thuan nhat
D, H va sb 14 caa G& do 6 thang tudi
theo cac mirc phan tong hop NPK.

Giai thich va nhan xét két qua. S6 liu & Bang 10.8a 1a két qua phan tich
phuong sai d6i voi timg bién D, H va s0 14. Tir d6 cho thay, sw thay doi ham luong
phan tong hop NPK anh huong r6 rét (P < 0,01) dén sinh truong D, H va sO 14 cua
cay con Go do 6 thang tudi & vuon wom. Bang 10.8b la két qua phan nhém ham
lugng phan tong hgp NPK anh huéng dong déu dén sinh truong duong kinh cua cay
con GO do 6 thang tudi & vuon uom. Bang nay cing ap dung dé phan nhom ham
luong phéan téng hop NPK anh huong dong deu dén sinh truong H va s6 14. Tir s6
liéu & Bang 10.8b cho thay, ham luong phan tong hop NPK tir 1 — 4% so véi trong
luong rudt bau dam bao cho ciy con Go do sinh trudng tét vé D trong giai doan 6
thang tudi ¢ vudn uwom; trong d6 ti uu 1a 3%. Hai bién H va sd 14 ciing duogc phan

tich twong ty nhu bién D.
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Bang 10.8a. Kiém dinh anh huong cua phan téng hop NPK dén sinh truéng cua ciy
con G& do 6 thang tuoi.

Source Dependent SShi df MS F Sig
Corrected D 1532 8 1.92 15.4  0.000
Model H 1882.60 8 235.32 51.0 0.000
La 9.73 8 1.22 12.6  0.000
D 518257 1 5182.57 41592.6  0.000
Intercept H 155884.12 1 155884.12 33755.6  0.000
La 604183 1 6041.83 62501.7  0.000
D 030 2 0.15 1.2 0.336
Khéi (X4) H 28.84 2 14.42 3.1 0.081
La 013 2 0.06 0.7 0537
D 15.03 6 2.50 20.1  0.000
Phan NPK (X)) H 1853.76 6 308.96 66.9 0.000
La 960 6 1.60 16.6  0.000
D 1.50 12 0.13
Error H 55.42 12 4.62
La 1.16 12 0.10
D 5199.39 21
Total H 157822.13 21
La 6052.72 21
D 16.82 20
Corrected Total H 1938.01 20
La 10.89 20

Bang 10.8b. Phan nhom ham luong phan tong hop NPK anh huong dong déu dén
sinh truong duong kinh cia cay con Go do 6 thang tudi & vuon uwom.
Phan nhom thuan nhat

Phan NPK (%) N . 5 2

6 3 13.93
0 3 15.07
5 3 1577 1577
1 3 16.20
4 3 16.23
2 3 16.30
3 3 16.47

Sig. 1.000 0.266  0.266

10.3.4. Phén tich phwong sai hai nhan t6 véi nhiéu bién phu thujc

Gia sir can phan tich anh huong ciia 3 mic phan chudng hoai (X = 10, 15,
20% so voi trong lugng bau) va 3 muc phan tong hop NPK (1,2 va 3% so voi trong
lugng bau) dén sinh truong chleu cao (H, cm), D (cm) va s6 la (La) cua cay con G6
do trong giai doan 6 thang tudi & vuon wom. Thi nghiém bao gom 9 nghiém thirc va
duoc bd tri theo khéi ngau nhién hoan toan. Mdi nghiém thirc dugc lip lai 5 lan
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(Khéi). Toéng sb 45 16 thi nghiém. Mdi 16 thi nghiém st dung 49 ciy dong déu vé
hinh thai va strc séng. Két qua thi nghiém duoc ghi lai & Phu luc 15. Gia thuyét Ho:
(1) Cac muc phan chudng hoai anh huéng dong déu dén sinh truong D, H va s6 14
ciia G& do trong giai doan 6 thang tudi & vuon wom. (2) Cac mirc phan tong hop
NPK anh huéng déng déu dén sinh truong D, H va s6 14 cua G& do trong giai doan
6 thang tudi & vudn wom. (3) Su phéi hop gitra cac mirc phan chubng hoai va phan
téng hop NPK anh huong dong déu dén sinh truong D, H va sb 14 ciia Go do trong
giai doan 6 thang tudi & vuon vom. Dé kiém dinh cac gia thuyét trén, cic bude xu
1y nhu duoi day

Bugc 1. Nhap s6 liéu vao bang tinh SPSS. Sé liéu duoc nhap theo 6 cot
(Hinh 10.47). Cot 1 1a khéi (X;). Cot 2 va 3 tuong tmg 13 ham luong phan chudng
hoai (X) va phan tong hop NPK (X3). Cot 4, 5 va 6 twong tng 1a D, H va sb 14 cua
cay con GO do.

IV S —

Hinh 10.47. Sinh truong cia cdy con Go do 6 thang tudi dudi anh huéng
cua phan chuong hoai va phan tong hop NPK.

Budc 2. Xay dung mo hinh tuyén tinh tong quat: Y; = B + P1X1 + PoXo +
BsXs + BaXo*X5 + g; trong d6 Y = (D, H, s6 14), By = diém chan (Intercept), X; =
Khdi, X, = Phan chuéng hoai, X3 = Phan téng hop NPK, X,*X;3; = Su phéi hop gitra
phan chuéng hoai va phan téng hop NPK, B;, B2, Bz va B4 = hé ) phan anh anh
huong ciia Xy, Xo, X5 va X,*Xs, & = sai s6 ngau nhién. Pé dat muc dich nay, tur
menu chinh, chon Analyze > GLM: Multivariate. Bén day chon bién D, H va s 14
va chuyén chiing vao Dependent Variable. Tuong tu, chon X, X, va X3 va chuyén
chung vao Fixed Factor (Hinh 10.48). Pé thuc hién cac phan tich théng ké, tir cua
s6 Multivariate & Hinh 10.48, chon Model. Ké dén danh diu muc Custom va
chuyén Xy, X, va X; tir 6 Factor & Covariate sang 6 Model (Hinh 10.49). Tiép dén
chon Continue ¢ Hinh 10.49; sau d6 chon Post Hoc & Hinh 10.48. Khi xuat hién cua
s6 Post Hoc Multiple Comparisons for Observed Means, chon X, X, va X; trong &
Factor va chuyén chung sang & Post Hoc Tests for. Tiép theo chon kiém dinh
Tukey’s Test (Hinh 10.50). Mtc tin cady mic dinh 14 0,95. Sau dé chon kiém dinh
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thuan nhit D, H va s 14 cua cdy con G& do giita 3 ham luwong phan chudng va phan
tong hop NPK. DPé dat muc dich nay, tai cira s6 Univariate: Option, chon
Homogeneity Test va Descriptive Statistics (Hinh 10.51). Cudi cing chon Continue
& Hinh 10.451 va chon OK & Hinh 10.48 dé nhan két qua phéan tich GLM (Bang
10.9).
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Hinh 10.48. S6 liéu dé xay dung mo
hinh: Y; = Bo + B1 X1 + BoXo + B3X3 +
BaXo*Xs.

Hinh 10.49. Xay dung md hinh: Y; =
Bo + B1Xy + BoXo + BaXsz + PaXo* Xs.
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i{inh 10.51. Kiém dinh thuin nhé‘z
D, H va so 12"1 cua GO do theo cac
muc phan chuong va phan NPK.

Hinh 1050. So sénh D, H va s6 14
ciia GO do 6 thang tudi theo cac mirc
phan chudng va phan NPK.

Giai thich va nhan xét két qua. S6 liéu ¢ Bang 10.9a cho thay su thay doi
ham lugng phan chudng hoai tir 10 — 20% va ham lugng phan téng hop NPK tir 1 —
3% anh huong 16 rét (P < 0,01) dén sinh truong D, H va s6 1a cua céy con G6 do 6
thang tudi & vuon vom. S6 lidu & Bang 10.9b dan vi du phan tich nhém ham lugng
phan chudng anh huéng ddng déu dén sinh truéong duong kinh cia cdy con G do 6
thang tudi & vuon wom. Hai bién H va sb 14 ciing duoc phan tich twong ty nhu bién
D.
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Bang 10.9a. Kiém dinh anh huong cua phan téng hop NPK dén sinh truéng cua ciy
con G& do 6 thang tuoi.

Source Dependent SSyi df MS F Sig

Corrected D 106.7 12 8.9 35.8 0.000
Model H 23997.2 12 1999.8 35.8 0.000
La 968.3 12 80.7 35.8 0.000
Intercept D 33385 1 33385 13458.8  0.000
H 751168.8 1 751168.8 13458.8  0.000
La 30160.6 1 30160.6 13371.7 0.000
X1 D 26 4 0.6 2.6 0.055
H 579.2 4 144.8 2.6 0.055
La 20.2 4 5.1 2.2 0.087
X2 D 304 2 15.2 61.3 0.000
H 6841.2 2  3420.6 61.3 0.000
La 270.2 2 135.1 59.9 0.000
X3 D 58 2 2.9 11.7 0.000
H 1300.8 2 650.4 11.7 0.000
La 514 2 25.7 11.4 0.000
X2 * X3 D 679 4 17.0 68.4 0.000
H 15276.0 4  3819.0 68.4 0.000
La 6265 4 156.6 69.4 0.000

Error D 7.9 32 0.2

H 1786.0 32 55.8

La 72.2 32 2.3

Total D 3453.1 45

H 776952.0 45
La 31201.0 45

Corrected Total D 1146 44
H 25783.2 44
La 1040.4 44

Bang 10.9c. Phan nhom ham lugng phan chuéng anh huong dong déu dén sinh
treong duong kinh cua cdy con Go do 6 thang tudi ¢ vuon wom.
Phén chudng (%) N Phan nhom thuan nhat

1 2 3
10 15 7.613
20 15 8.600
15 15 9.627
Sig. 1.000 1.000 1.000
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PHU LUC

Phu luc 1. Két cdu loai cay gb ctia vu hop Dau con rai duoc xac dinh theo theo chi s IVI
v6i hai tham s6 N% va G%.

TT Loai cay N(@ay) GmM) Nw» G% IV%
1) (2) 3) 4) ) (6) (7)
1 Dau con rai 148 9,84 208 240 224
2  Bang ling 6i 108 1041 152 254 20,3
3 Cay 80 7,69 11,2 188 150
4 Trudng 14 nho 68 3,66 96 89 9,3
5  Tram vo do 84 2,46 11,8 6,0 8,9
6 Céam 36 1,32 51 32 42
7  Sao den 12 1,59 1,7 3,9 2,8
8 Bua 28 0,95 39 23 31
9 Go&do 8 1,16 1,1 28 2,0
10  Cudng vang 20 0,27 28 07 1,8
11  Quan dau 20 0,18 2,8 0,4 1,6
12 Thirimg 12 0,23 1,7 06 1,2
13 D¢ 12 0,17 1,7 04 1,1
14  Chiéc tam lang 8 0,16 1,1 0,4 0,8
15 Dén do 8 0,19 1,1 0,5 0,8
16  Vén vén 8 0,16 1,1 04 0,8
17  Nhoc 8 0,13 1,1 03 0,7
18 Com 8 0,06 1,1 01 0,6
19 Re huong 8 0,06 1,1 01 0,6
20  Sing den 8 0,05 1,1 01 0,6
21 Gao 4 0,04 06 01 0,4
22  Man rimg 4 0,04 06 01 0,4
23 Mau cho 4 0,03 06 01 0,4
24 Mong bo 4 0,03 06 01 0,4
25  Thanh nganh 4 0,03 06 01 0,4

712 40,9 100 100 100

Phu luc 2. Két céu loai cay g ctia wu hop Dau con rai duoc xac dinh theo theo chi s6 IVI
v61 ba tham s6 N%, G% va V%.

TT Loai cay N(ady) Gm) VvV(m) Nn G% V% IV%
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1) (2) 3) (4) () © 0 9)

1 DAu con rai 148 984 97,71 208 240 250 233
2 Bing lang 6i 108 10,41 103,79 152 254 266 22,4
3 Cay 80 769 7446 112 188 191 164
4 Trudng 14 nho 68 366 3890 96 89 100 9,5
5  Tram vo do 84 246 1966 11,8 60 50 7,6
6 Céam 36 1,32 1083 51 32 28 3,7
7 Saoden 12 1,59 15,69 1,7 39 40 3,2
8 Bua 28 095 7,47 39 23 19 2,7
9 Go&dd 8 1,16 11,51 1,1 28 29 2,3
10  Cudng vang 20 0,27 1,64 2,8 07 04 1,3
11  Quan dau 20 0,18 0,78 2,8 04 0,2 1,2
12 Thirimg 12 0,23 1,56 1,7 06 04 0,9
13 Dé 12 017 097 1,7 04 02 0,8
14  Chiéc tam lang 8 0,16 0,80 1,1 04 02 0,6
15 Déndo 8 0,19 1,25 1,1 05 03 0,6
16  Vén vén 8 0,16 1,05 1,1 04 03 0,6
17 Nhoc 8 013 0,79 1,1 03 02 0,5
18 Com 8 006 0,26 1,1 01 01 0,4
19 Re huong 8 006 0,29 1,1 01 01 0,4
20 Sing den 8 0,05 0,119 1,1 01 00 0,4
21  Gao 4 004 024 06 01 01 0,2
22 Man ring 4 004 021 06 01 01 0,2
23 Méu cho 4 003 014 06 01 00 0,2
24 Moéng bo 4 003 0,14 06 01 0 0,2
25 Thanh nganh 4 0,03 0,11 0,6 0,1 0 0,2

712 40,9 390,4 100 100 100 100

Phu luc 3. Chudi chi s6 bé rong vong nam chuan héa ciia Du sam.
Chi s6 Kd chuan hoa
1 2 3 4 5 6 7 8 9

Nam
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1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010

0,92
0,78
1,12
0,86
1,09
1,01
0,88
1,01
0,93
1,04
0,98
1,01
0,96
1,01
0,87
1,07
0,96
1,05
0,94

0,98
1,04
0,92
1,16
0,90
1,05
1,14
0,96
1,00
1,02
0,93
0,85
0,97
1,02
1,15
0,93
0,96
1,03
1,02

0,91
1,01
1,09
1,03
0,91
1,03
0,87
0,99
1,07
1,13
1,00
1,09
1,12
1,08
1,01
1,00
1,20
1,02
0,98
1,10

1,20
1,07
0,90
1,07
1,00
1,04
1,19
0,93
0,95
0,90
0,94
0,97
0,96
0,85
1,08
0,85
0,83
0,98
0,96
0,84

0,95
0,93
0,93
0,96
1,03
0,96
0,92
0,95
1,11
0,99
1,08
1,06
0,97
1,13
0,81
1,17
1,08
1,05
1,15

1,01
1,05
1,19
0,96
1,03
1,03
1,02
1,10
0,92
0,91
0,93
0,81
0,97
1,01
1,13
0,92
0,98
0,93
0,89

0,98
0,98
0,93
1,06
1,01
1,03
0,85
1,00
0,91
1,14
1,13
1,15
1,21
1,02
0,97
0,93
0,97
1,03
1,00

0,95
1,00
0,96
0,97
0,95
1,01
1,12
1,07
1,07
1,01
0,95
0,94
0,87
1,10
1,13
1,16
1,04
1,07
1,06

0,99
1,01
1,10
1,01
1,12
1,05
1,00
0,85
1,01
0,93
0,89
1,19
0,93
0,84
0,86
0,92
0,95
0,90
0,91

1,12
1,09
0,87
1,04
0,88
0,88
1,03
1,04
1,04
1,00
1,09
0,89
1,04
0,97
1,09
0,96
1,13
0,94
1,01

Phu luc 4. Chi sé nhiét do khong khi ciia cac thang tir nam 1981 - 2013.

Théang trong ndm

v

\Y

Vi

\l

VI

IX

X

Xl

Xl

2013 1,01
2012 1,04
2011 0,97
2010 1,04
2009 0,95
2008 0,99
2007 1,01
2006 1,01
2005 1,01
2004 0,99
2003 1,00
2002 0,97
2001 1,02
2000 0,99

1,03
1,01
0,97
1,02
1,01
0,99
0,98
1,01
1,02
0,98
1,02
0,98
1,00
1,02

1,02
1,00
0,96
1,03
1,03
0,94
1,02
1,01
1,00
1,00
1,00
0,99
1,01
0,99

1,03
1,00
0,97
1,01
1,01
0,99
1,01
1,00
1,00
0,99
1,02
0,98
1,02
0,99

1,01
1,00
0,97
1,04
0,98
0,99
1,00
1,00
1,00
1,00
0,99
1,01
1,00
1,00

1,00
0,99
1,00
1,02
0,99
1,00
1,00
1,00
1,01
0,98
1,01
1,01
0,99
1,01

1,01
1,00
0,99
1,01
1,00
0,99
1,00
1,00
1,00
0,99
1,00
1,01
1,01
0,98

0,99
1,01
1,01
0,98
1,04
0,96
1,01
1,00
1,01
0,99
1,02
0,98
1,01
1,00

0,99
1,00
1,00
1,01
0,98
1,02
1,00
1,00
1,00
1,00
0,99
0,99
1,01
0,99

0,99
1,01
1,00
1,00
0,99
1,02
0,99
1,00
1,05
0,91
1,03
1,01
1,00
1,00

0,98
1,02
1,00
0,99
0,99
1,02
0,97
1,01
1,01
0,99
1,00
1,03
0,96
1,01

0,96
1,04
0,98
1,02
0,98
1,00
1,01
1,00
1,02
0,99
0,95
1,07
0,96
1,04
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1999 100 09 100 1,00 097 09 0,99 098 1,00 099 1,01 0,96
1998 1,04 105 1,04 102 1,03 105 103 103 1,01 1,02 101 1,03
1997 0,95 099 09 098 098 098 099 098 1,00 099 0,9 1,00
1996 101 099 101 100 101 099 099 101 0,99 100 1,01 1,00
1995 1,00 098 1,00 101 1,00 1,02 1,02 100 1,01 1,02 1,00 0,97
1994 1,02 105 100 1,00 1,00 098 0,97 101 1,00 0,98 098 1,03
1993 098 094 099 100 1,00 101 102 098 0,99 101 1,03 0,99
1992 098 103 1,01 100 1,01 099 100 100 1,01 1,00 0,97 1,00
1991 103 0,99 100 099 100 100 0,99 101 1,00 0,99 1,00 1,00
1990 0,98 1,02 1,00 1,02 1,00 1,00 1,02 099 1,00 1,02 100 1,01
1989 1,01 094 097 098 098 099 098 099 099 099 101 1,00
1988 1,03 1,07 103 101 1,02 100 1,01 1,02 1,00 100 0,96 0,96
1987 098 09 1,00 100 1,01 101 101 100 1,02 1,02 1,07 1,03
1986 099 0,99 099 100 099 101 100 099 098 100 095 1,00
1985 1,01 1,03 100 098 1,00 100 0,99 101 1,02 100 1,04 0,99
1984 0,98 098 099 100 1,00 098 0,99 097 098 099 098 1,01
1983 1,05 1,02 103 103 1,01 102 1,02 1,02 1,02 100 097 0,99
1982 0,9 099 099 097 099 099 098 101 099 100 103 1,01
1981 0,99 101 100 101 101 099 101 099 101 100 1,00 0,99

Phu luc 5. Anh hudng ciia ham luong mun (X1%) va pHuzo (X2) cua dat Bazan nau do dén
sinh truong chiéu cao (H, m) cia Dau song nang 2 nim tuoi.

TT H X1 X2 TT H X1 X2 TT H XI X2 TT H XL X2
1 29 56 41 39 77 23 43 65 115 10 21 32 1 29 56
2 29 76 41 40 78 23 41 57 116 09 21 32 2 29 76
3 31 78 40 41 79 23 29 62 117 19 52 42 3 31 78
4 32 92 36 42 80 24 35 62 118 27 56 40 4 32 92
5 33 70 40 43 8 21 35 40 119 17 52 38 5 33 70
6 22 38 40 44 82 17 40 32 120 17 51 32 6 22 38
7 24 45 40 45 83 17 40 39 121 30 93 43 7 24 45
8 31 85 41 46 84 19 51 36 12 27 79 49 8 31 85
9 33 142 41 47 8 27 49 39 123 28 8l 48 9 33 142
10 24 40 39 48 8 26 36 40 124 31 131 44 10 24 40
11 25 58 39 49 8 26 62 35 125 31 109 43 11 25 58
12 32 85 42 50 8 29 58 40 126 30 1203 50 12 32 85
13 30 81 42 51 8 29 44 38 127 22 82 45 13 30 81
14 30 79 41 5 9 26 78 40 128 29 109 42 14 30 79
5 31 92 37 53 91 21 56 40 129 24 79 48 15 31 92
16 34 123 41 54 92 11 30 32 130 23 79 48 16 34 123
17 30 65 38 55 93 19 61 40 131 26 80 43 17 30 65
18 24 53 42 56 9 22 63 35 132 33 131 44 18 24 53
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19 35 140 41 57 95 23 64 38 133 26 5,7 45 19 35 140
20 31 7,0 41 58 96 17 44 32 134 29 103 50 20 31 7,0
21 31 6,6 39 59 97 23 63 38 135 272 6,3 45 21 31 6,6
22 24 58 42 60 98 28 79 40 136 31 103 50 22 24 58
23 272 59 41 61 99 15 39 40 137 29 103 50 23 22 59
24 24 4,7 42 62 100 22 51 40 138 30 9,2 50 24 24 4,7
25 32 104 42 63 101 25 80 42 139 31 103 50 25 32 104
26 3.2 8,6 40 64 102 22 55 38 140 27 5,7 45 26 32 8,6
27 26 5,7 41 65 1083 20 58 39 141 29 9,3 46 27 26 5,7
28 29 6,0 41 66 104 19 58 40 142 32 138 46 28 29 6,0
29 26 6,0 47 67 105 21 59 39 143 34 196 48 29 26 6,0
30 26 53 47 68 106 25 55 36 144 32 100 49 30 26 53
31 34 140 43 69 107 15 27 42 145 31 162 48 31 34 140
32 31 8,5 43 70 108 20 60 40 146 28 6,8 52 32 31 8,5
33 30 39 41 71 109 24 55 37 147 33 177 52 33 30 3,9
34 28 4,1 41 72 110 17 55 34 148 36 196 41 34 28 4,1
3% 19 3,4 64 73 111 22 60 36 149 34 177 41 35 19 34
36 15 38 32 74 112 24 58 38 150 35 187 45 36 15 3,8
37 21 4,7 41 75 113 24 55 38 37 21 4,7
38 31 8,5 44 76 114 15 35 36 38 31 8,5

Phu luc 6. Anh huong ciia d6 am (X1%) va pHuzo (X2) dén xac sudt bat gap (P) cdy tai
sinh ty nhién ctia Dau con rai.
TT P XL X2 TT P XI X2 Tr P XL X2 TIT P XL X2

1 1 575 3.0 31 1 565 39 61 1 872 40 91 1 848 48
2 1 562 30 32 1 569 39 62 1 655 41 92 1 861 438
3 1 603 31 33 1 605 39 63 1 702 41 93 1 87 4.8
4 1 745 31 34 1 801 39 64 1 784 41 94 1 58 5.0
5 0 927 34 35 1 806 39 65 1 785 42 95 0 455 54
6 0 945 34 36 1 807 39 66 1 807 42 96 0 912 54
7 1 975 34 37 0 947 39 67 1 894 42 97 0 962 54
8 1 987 34 38 1 952 39 68 1 902 42 98 1 574 55
9 1 791 35 39 0 902 39 69 1 902 42 99 0 459 6.0
10 1 603 36 40 0 907 39 70 1 823 44 100 O 46 6.0
11 1 791 36 41 0 908 39 71 1 827 44 101 0 922 6.0
12 1 602 37 42 1 605 39 72 1 464 44 102 0 932 6.0

13 1 604 37 43 1 608 39 73 1 705 44 108 0 972 6.0
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14 1 786 37 44 1 656 39 74 1 809 44 104 0 972 6.0

15 1 455 37 45 1 656 39 75 1 955 45 105 1 576 6.1

16 1 464 37 46 1 672 39 76 1 681 46 106 1 609 6.1

17 1 897 37 47 1 681 39 77 1 684 46 107 0 461 6.3

18 0 898 37 48 1 786 39 78 1 704 46 108 0 556 6.3

19 1 469 37 49 1 788 39 79 1 878 47 109 0 932 63

20 1 53 38 50 1 90 39 80 1 55 47 110 0 972 63

21 1 604 38 51 1 603 40 81 1 691 47 111 0 433 65

22 1 733 38 52 1 7.7 40 82 1 825 47 112 0 493 6.6

23 1 791 38 53 1 785 40 83 1 895 47 113 0 509 6.6

24 0 902 38 54 1 811 40 84 1 896 47 114 0 534 66

25 0 927 38 55 1 655 40 85 0 914 48 115 0 934 6.6

26 1 525 38 5% 1 691 40 8 1 609 48 116 0 947 6.6

27 1 563 38 57 1 891 40 87 1 754 48 117 0 962 6.6

28 1 959 38 58 1 965 41 88 1 797 48 118 0 975 6.6

29 1 767 38 59 1 703 40 8 1 836 48 119 0 982 6.6

30 1 799 38 60 1 771 40 90 1 837 48 120 0 992 6.6

Phu luc 7. Anh huong cua dia hinh dén sinh truong cia rimg Sao den. Thi nghiém
1 nhan t6 duoc bo tri hoan toan ngau nhién.

TT D(cm) biahinh TT D (cm) biahinh TT D (cm) bia hinh

1 275 1 16 48 2 31 495 3
2 255 1 17 49 2 32 455 3
3 265 1 18 485 2 33 46.5 3
4 285 1 19 50 2 34 425 3
5 275 1 20 46.5 2 35 435 3
6 325 1 21 435 2 36 425 3
7 355 1 22 425 2 37 395 3
8 395 1 23 455 2 38 405 3
9 375 1 24 385 2 39 375 3
10 355 1 25 395 2 40 38.5 3
11 455 1 26 475 2 41 36.5 3
12 435 1 27 3715 2 42 375 3
13 435 1 28 36.5 2 43 355 3
14 445 1 29 355 2 44 345 3
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15 405 1 30 345 2 45 37.5 3

Phu luc 8. Anh hudng cua d6 tan che dén sinh truéng chiéu cao (H, cm) cua cay
con Dau song nang 8 thang tudi. Thi nghiém 1 nhan t6 duoc bd tri theo khdi ngiu
nhién hoan toan.

TT H,cm Nghiém Khoi TT H,cm Nghiém Khoi

1 732 1 1 11 812 3 3
2 810 1 2 12 81.0 3 4
3 904 1 3 13 81.6 4 1
4 76.6 1 4 14 98.6 4 2
5 828 2 1 15 830 4 3
6 848 2 2 16 944 4 4
7 86.8 2 3 17 852 5 1
8 848 2 4 18 97.2 5 2
9 764 3 1 19 84.2 5 3
10 83.0 3 2 20 99.2 5 4

Phu luc 9. Ar}h huong cua Super 1an dén dén sinh truong chiéu cao cua cay con G
do 3 thang tudi & vuon uwom.
TT H(m) Lédn Hang Co6t TT H(cm) Lan Hang Cot

1 67 1 1 1 19 24 4 1 4
2 46 2 2 1 20 2 6 2 4
3 47 3 3 1 21 13 5 3 4
4 28 4 4 1 22 90 1 4 4
5 15 5 5 1 23 42 3 5 4
6 7 6 6 1 24 86 2 6 4
7 62 2 1 2 25 9 5 1 S)
8 62 1 2 2 26 54 3 2 S)
9 5 6 3 2 27 35 4 3 S)
10 43 3 4 2 28 3 6 4 S)
11 42 4 5 2 29 81 2 5 5
12 23 5 6 2 30 105 1 6 5
13 30 3 1 3 31 5 6 1 6
14 15 5 2 3 32 19 4 2 6
15 65 1 3 3 33 57 2 3 6
16 61 2 4 3 34 17 5 4 6
17 8 6 5 3 35 87 1 5 6
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18 58 4 6 3 36 45 3 6 6

Phu luc 10. Anh huong ciia phan dam va Super lan dén sinh truong cua cay con
Déu song nang trong giai doan 6 thang tudi & vuon wom. Thi nghiém hai yeu to
duoc bo tri ngau nhién.

TT H,em TT Pam Lan TT H,em TT Dam Lan TT H,cm TT Dam Lan

1 55 1 1 1 23 61 8 1 2 45 55 15 1 3
2 51 2 1 1 24 57 9 1 2 46 55 1 2 1
3 53 3 1 1 25 59 10 1 2 47 51 2 2 1
4 57 4 1 1 26 61 11 1 2 48 53 3 2 1
5 55 5 1 1 27 56 12 1 2 49 57 4 2 1
6 65 6 1 1 28 54 13 1 2 50 55 5 2 1
7 52 7 1 1 29 60 14 1 2 51 65 6 2 1
8 54 8 1 1 30 59 15 1 2 52 52 7 2 1
9 55 9 1 1 31 55 1 1 3 53 54 8 2 1
10 51 10 1 1 32 61 2 1 3 54 55 9 2 1
11 58 11 1 1 33 60 3 1 3 55 51 10 2 1
12 57 12 1 1 34 56 4 1 3 56 58 11 2 1
13 56 13 1 1 35 57 5 1 3 57 57 12 2 1
14 59 14 1 1 36 55 6 1 3 58 56 13 2 1
15 61 15 1 1 37 59 7 1 3 59 59 14 2 1
16 57 1 1 2 38 61 8 1 3 60 61 15 2 1
17 54 2 1 2 39 55 9 1 3 61 57 1 2 2
18 57 3 1 2 40 57 10 1 3 62 54 2 2 2
19 53 4 1 2 41 54 11 1 3 63 57 3 2 2
20 61 5 1 2 42 56 12 1 3 64 53 4 2 2
21 58 6 1 2 43 61 13 1 3 65 61 5 2 2
22 56 7 1 2 44 59 14 1 3 66 58 6 2 2
67 56 7 2 2 92 61 2 3 1 113 71 8 3 2
68 61 8 2 2 93 63 3 3 1 114 67 9 3 2
69 57 9 2 2 94 67 4 3 1 115 69 10 3 2
70 59 10 2 2 95 65 5 3 1 116 71 11 3 2
71 61 11 2 2 9 75 6 3 1 117 65 12 3 2
72 56 12 2 2 97 62 7 3 1 118 63 13 3 2
73 54 13 2 2 98 64 8 3 1 119 70 14 3 2
74 60 14 2 2 99 65 9 3 1 120 69 15 3 2
75 59 15 2 2 89 59 14 2 3 121 65 1 3 3
76 55 1 2 3 90 55 15 2 3 122 71 2 3 3
77 61 2 2 3 91 65 1 3 1 123 70 3 3 3
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78 60 3 2 3 92 61 2 3 1 124 65 4 3 3
79 56 4 2 3 93 63 3 3 1 125 67 5 3 3
80 57 5 2 3 94 67 4 3 1 126 65 6 3 3
81 55 6 2 3 9 65 5 3 1 127 69 7 3 3
82 59 7 2 3 9 75 6 3 1 128 71 8 3 3
83 61 8 2 3 97 62 7 3 1 129 65 9 3 3
84 55 9 2 3 98 64 8 3 1 130 67 10 3 3
85 57 10 2 3 99 65 9 3 1 131 64 11 3 3
86 54 11 2 3 107 64 2 3 2 132 65 12 3 3
87 56 12 2 3 108 67 3 3 2 133 71 13 3 3
88 61 13 2 3 109 63 4 3 2 134 69 14 3 3
89 59 14 2 3 110 71 5 3 2 135 65 15 3 3
90 55 15 2 3 111 67 6 3 2

91 65 1 3 1 112 65 7 3 2

Phu luc 11. Anh huéng cua phan dam va Super lan dén sinh truéng cua cay con
Sao den trong giai doan 6 thang tudi & vudn wom. Thi nghiém hai yéu t6 duoc b tri
theo khéi ngau nhién hoan toan.

TT H,cm Khdéi Pam Lan TT H,cm Khéi Pam Lan

1 60 1 1 1 24 82 4 2 2
2 56 2 1 1 25 84 S) 2 2
3 58 3 1 1 26 100 1 2 3
4 62 4 1 1 27 80 2 2 3
5 60 5 1 1 28 78 3 2 3
6 70 1 1 2 29 76 4 2 3
7 76 2 1 2 30 74 5 2 3
8 84 3 1 2 31 104 1 3 1
9 80 4 1 2 32 96 2 3 1
10 76 5 1 2 33 98 3 3 1
11 96 1 1 3 34 90 4 3 1
12 92 2 1 3 35 92 ) 3 1
13 92 3 1 3 36 90 1 3 2
14 94 4 1 3 37 84 2 3 2
15 86 5 1 3 38 86 3 3 2
16 116 1 2 1 39 80 4 3 2
17 120 2 2 1 40 82 5 3 2
18 124 3 2 1 41 78 1 3 3
19 112 4 2 1 42 80 2 3 3
20 120 5 2 1 43 76 3 3 3
21 92 1 2 2 44 74 4 3 3
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22 90 2 2 2 45 80 5 3 3
23 96 3 2 2

Phu luc 12. Anh hudng cua kich thuéc bau va phan téng hop NPK dén sinh truéng
chiéu cao cua Dau con rai 8 thang tudi. Thi nghiém dugc bd tri theo kiéu binh
phuong la tinh.
H(cm) Nghiém Hang Cot Bau NPK H(cm) Nghiém Hang Cot Bau NPK
675 3 1 1 1 3 775 5 4 1 2 2

68.8 4 1 2 2 1 763 6 4 2 2 3
71.3 6 1 3 2 3 663 2 4 3 1 2
59 1 1 4 1 1 725 3 4 4 1 3
80 5 1 5 2 2 58.8 1 4 5 1 1
61.3 2 1 6 1 2 638 4 4 6 2 1
62.5 2 2 1 1 2 65 4 5 1 2 1
71.3 3 2 2 1 3 788 5 5 2 2 2
81.3 5 2 3 2 2 56 1 5 3 1 1
72.5 6 2 4 2 3 688 2 5 4 1 2
71.3 4 2 5 2 1 75 6 S) 5 2 3
57.5 1 2 6 1 1 663 3 S) 6 1 3
70 6 3 1 2 3 538 1 6 1 1 1
60 1 3 2 1 1 675 2 6 2 1 2
68.8 3 3 3 1 3 663 4 6 3 2 1
70 4 3 4 2 1 825 5 6 4 2 2
63.8 2 3 5 1 2 738 3 6 5 1 3
80 5 3 6 2 2 70 6 6 6 2 3

Phu luc 13. Anh huong cua phuong thirc xir Iy dét dén sinh truéng chiéu cao cua
Dau con rai, Sao den va Vén vén 8 thang tuoi. Thi nghiém dugc bo tri theo kiéu 16
chinh - 16 phu.

TT H(cm) PTLS Loaicady Khoi TT H(cm) PTLS Loaicay Khoi

1 150 1 1 1 19 163 2 2 3
2 154 1 1 2 20 159 2 2 4
3 159 1 1 3 21 177 2 3 1
4 151 1 1 4 22 171 2 3 2
3) 156 1 2 1 23 170 2 3 3
6 160 1 2 2 24 174 2 3 4
7 162 1 2 3 25 153 3 1 1
8 159 1 2 4 26 164 3 1 2
9 178 1 3 1 27 162 3 1 3
10 179 1 3 2 28 158 3 1 4
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11 183 1 3 3 29 152 3 2 1
12 175 1 3 4 30 161 3 2 2
13 159 2 1 1 31 158 3 2 3
14 149 2 1 2 32 154 3 2 4
15 151 2 1 3 33 149 3 3 1
16 148 2 1 4 34 153 3 3 2
17 165 2 2 1 35 151 3 3 3
18 160 2 2 2 36 150 3 3 4

Phu luc 14. Anh huéng cia ham luong phan NPK dén sinh truong cua G& do 6
thang tudi. Thi nghiém dugc bd tri theo khdi ngdu nhién hoan toan.

Khéi NPK D(cm) H(@m) Sbéla Khéi NPK D(cm) H(m) Sola
0 156 837 16 16 855 17.1
16.2  86.3 17 16 764 169
16.1 997 18 139 709 16.2
16.6 937 18 155 832 168
165  82.8 17 162 896 173
156 775 16 165 1047 181
141 737 16 165 975 177
141 793 159 16.2 86 16.7
162  89.2 174 157 773 166
163 991  17.6 138 714 161
163 968 17.8
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Phu luc 15. Anh huoéng coa ham luong phan NPK va phan chudng hoai dén sinh
treong cua Go do 6 thang tudi. Thi nghiém dugc bo tri theo khoi ngau nhién hoan
toan.

Khéi PC NPK D H Sdla Khéi PC NPK D H Sdla
1 10 1 6 90 18 4 15 2 82 123 25
2 10 1 56 84 17 5 15 2 84 126 25
3 10 1 58 87 17 1 15 3 10 150 30
4 10 1 62 93 19 2 15 3 8 120 24
5 10 1 6 90 18 3 15 3 78 117 23
1 10 2 7 105 21 4 15 3 76 114 23
2 10 2 76 114 23 5 15 3 74 111 22
3 10 2 84 126 25 1 20 1 10.4 156 31
4 10 2 8 120 24 2 20 1 96 144 29
5 10 2 76 114 23 3 20 1 98 147 29
1 10 3 96 144 29 4 20 1 9 135 27
2 10 3 92 138 28 5 20 1 92 138 28
3 10 3 92 138 28 1 20 2 9 135 27
4 10 3 94 141 28 2 20 2 84 126 25
5 10 3 86 129 26 3 20 2 86 129 26
1 15 1 116 174 35 4 20 2 8 120 24
2 15 1 12 180 36 5 20 2 82 123 25
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15
15
15
15
15
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12.4
11.2
12
9.2

9.6

186
168
180
138
135
144

37
34
36
28
27
29
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20
20
20
20
20
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7.8

7.6
7.4

117
120
114
111
120

23
24
23
22
24
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