KHOA HOC CONG NGHE

MO HINH SINH TRUOGNG VA TANG TRUONG
PUONG KiNH THONG S LA (Pinus dalatensis Ferre)
THEO VUNG PHAN BO TAI TAY NGUYEN

Lé Canh Nam', Nguyén Thanh Mén!, H4 Ngoc The? Bio Huy®

TOM TAT

Théng 5 1a (Pinus dalatensis Ferré) 1a loai dac hiru theo nghia rong ciia day Truomg Son. O Viet Nam,
Théng 5 14 ¢6 phan b6 tap trung chi yéu ¢ Tay Nguyen trong kiéu rimg kin bén hop cay 14 rong 14 kim 4m
nhiét déi niii thap. Nghién ciu nay nhdm muc dich xay dung mo hinh sinh truéng, ting tuéng duimg kinh
loai Théng 5 Ia theo timg ving phan bé tai Tay Nguyén. S liéu nghién cire duge thu thap bing khoan ting
trudng dudmg kinh tir 56 cay c4 thé rai déu tir cac cép kinh ta 3 viung Bidoup Nui Ba, Chur Yang Sin va Kon
Ka Kinh. Thiét 14p mé hinh phi tuyén c6 trong s¢ véi anh huong cua viing phan bé sinh thi theo phuong
phép hop ly cuc dai (Maximum Likelihood). Két qua da xac dinh duge luong ting truéng dudng kinh (Zd)
Théng 5 14 bién dong tir 0,013 dén 3,065 cm/nam do anh huéng cia tud: cay va yéu t6 sinh thai khic nhau,
trung binh 13 0,340 cm/nam va xay dyng duoc mé hinh sinh truéng, ting truéng cho loai Thong 5 14 va
tham dinh sai s6 cho ba ving phan bé sinh thai, véi mé hinh sinh truomg duéng kinh D/A theo dang
Exponential: D = 400x (1 - €"*) v ty 1¢ tang truémg dudmg kinh Pd/D theo dang Power Pd = axDP, trong

d6 cac tham s6 a, va b, thay déi theo timg viing phan bé sinh thar.
T\r kXhéa: Duong kinh, sinh truong, lng truong, thong 5 14, Tiy Nguyén, vong ndm.

1. BAT VAN DE

Thong 5 14 con goi la Thong 5 14 Pa Lat (Pinus
dalatensis Ferré) la loai dac hiru theo nghia rong &
day Trudémg Son (Thai Van Trimg, 1978; Farjon, 2002;
Nguyén Diec T Luu va Philip Thomas, 2004; Nguyén
Hoang Nghia, 2004; Phan Ké Lic va cs, 2011); phan
bé trong ki€u rimg kin hén hep cay la réng, 1a kum,
am nhiét déi nui thdp (Thai Van Trimg, 1978) va
thuong moc chung véi cac loai Pinus krempfi,
Fokienia hodginsii, Dacrydium elatum & phia Nam
Tay Nguyén cla Viét Nam (Hiep ef al, 2004).

Théng 5 la dang bj de doa (Nguyén Dirc T3 Luu
va Philip Jan Thomas, 2004), trén toan cu va toan
quéc, loai Thong 5 1a hién con phan bé it hon 10 dia
diém khac nhau vi da cé st syt giam cac gia tri sinh
thai moi truomg séng cia no; sé ca thé thuomg gidi
han dudi 100 cay truong thanh trong méi ving phan
b6 (Hiep et al, 2004). Trong s¢ 14 loai cay la kim
dugc m thiy trong khu vuc Tay Nguyén, thi co 6
lodi dugc xép trong danh Sach Do bi de doa toan céu
ctua IUCN, d6 1a Pinus krempfii, Pinus dalatensis,
Pinus  lateri, Fokienia  hodginsii,  Calocedrus

' Vién Khoa hoc Lam nghi¢p Nam Trung b va Tay
Nguyén . )

! Vuon Quéc gia Kon Ka Kinh, tinh Gia Lai

3 Truong Pai hoe Tay Nguyén
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macrolepisva Cephalus sp. (Trang, 2011).

Mo hinh héa sinh buéng cay rimg la mét
chuyen nganh khoa hoc chuyén sau vé sir dung mé
hinh toan dé mé phong céc qua trinh sinh truong cia
cay va lam phan (Nguyén Van Truong, 1973; Dong Si
Hién, 1974; Vi Tién Hinh 2012; Bao Huy, 2017;
Pinheiro ef al, 2014; Archontoulis vd Miguez, 2015)
véi muc dich 1a phat hién dugc quy luat sinh truong,
tang trudng cdy va lam phan lam co s& cho ap dung
giai phap lam sinh, du doan san luong rimg. Gan day
nhiéu phuong phap hién dai da duge phat trién, ap
dung cho mé hinh héa qua trinh sinh truéng nmg c6
d¢ tin cay cao hon nhu phuong phap hop ly cuc dai
(Maximum Likelihood) dé lap ham phi tuyén c6
trong s6 (Weight) cé xét anh hudng cia cic nhan 3
sinh thai (random effect) va phuong phap thim dinh
chéo (Cross validation) dé chi ra sai s6 khach quan
cua mé hinh (Pinheiro et 2/, 2014; Archontoulis va
Miguez, 2015; Huy et 2/ 2016, 2019).

Cho dén nay hau nhu chua c6 thong tn khoa
hoc vé sinh truomg va tang trudng Thong 5 13; vi vay
nghién ctu nay tién hanh mé hinh hoa sinh truong,
ting truomg loai Thong S 1a va anh hudng cua cac
nhan té sinh thai moi truong khac nhau dén sinh
truong loai nham dong gop cho viée hoach dinh cac
chién o 1am sinh trong quan ly, bao tén loai Thong
51a.
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2. VAT LEEU VA PHUONG PHAP NGHIEN CUU

2.1. Ddi tugng va pham vi nghién ciru

Cac lam phén c6 phéan bé loai Théng 5 13 (Pinus
dalatensis Ferré) & Tay Nguyén tai cac tinh Lam
Péng, Dk Lk va Gia Las; trong d6 ving phan bg
loai nghién ciu tap trung & ba Vuon Quéc gia 1a
Bidoup Nui Ba (Lam Péng), Chu Yang Sin (Dak

Lik) va Kon Ka Kinh (Gia Lai). Bang 1 10m !4t céc
thong tin sinh thai & ba ving phan bé nghién cuu.

Lodi Thong 5 14 véi vi tri phan loai: Tén Viet
Nam: Thong 5 14 hodc con dugc goi 1 Thong 5 14 ba
Lat; tén khoa hoc: Pinus dalatensis Ferré; thudc he:
Pinaceae; Bo: Pinales; Lop: Pinopsida; Nganh hat
tran - Pinophyta,

Béng 1. Tém tit théng tin vé cic yéu t8 sinh thai & viing phan b4 Thong 5 14 & Tay Nguyén duoc nghién ciu

Chi tiéu sinh thai Bidoup Nui Ba Chu Yang Sin Kon Ka Kinh ] Ghi chu
Luong mua binh quan 1.825 1.893 2.202
nam (P, mm/nam)
Sé thang mua (thang) 6-7 6-7 7-8
Nhiét d¢ trung binh nam 18,0 23,8 219
C)
Téng nhiét do nam (°C) 219,6 286 264,6
D¢ dm khong khi trung 853 82,0 83,0
binh nam (%)
S5 thang kho han (thang) 23 2-3 2.3 P o < 20 mm
Thang kho han 1,2,12 12,1,2,3 12,1,2,3
S6 gi¢r ning trung binh 168 200 210,7 (1998 - 2009)
nam (gio)
Nhém dit/loai dat chinh Feralit 6 vang Feralit d6 vang | Feralit d6 vang
Bién déng do cao so voi 1.300 - 1.900 m 1.200-1.850m | 963 -1.500m
mat bién (m)
D¢ déc trung binh 20 -25° 20-30° 22-30°
Vi tri dia hinh Chan, suén va dinh Suém, dinh Suom, dinh

2.2. Phuong phép nghién ciru
2.2.1. Thu thip so liéu bé rong vong nam, di licu
sinh truong, tdng truong diong kinh Thong 5 ki
Bing 1. Thong tin théng ke vé cay miu Thong 5 14
da khoan x4c dinh bé rong vong nam

& ba viing phin bd

Chi tiéu thong ké D (cm) | H (m)
S6 cay 56 56
Trung binh 52,0 18,2
Sai tiéu chuéan 21,259 | 4,090
He s6 bién dong 40, 8% | 22,43%
Nhé nhat 11.0 80
Lén nhat 119,0 25,0
Bién dong tuyét déi 108,0 17,0
D6 léch chudn héa - Stnd. ;
ski\:ness 1796 | 1061 |
El?nr:;?: chuan héa - Stnd. 0753 | 0810

Ghi chi: D: Puong kinh ngang neve co vo, H:
Chiéu cao cdr
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Str dung khoan tang truong Haglof véi dudmg
kinh mui khoan 12 5 mm va chiéu dai khoan 70 cm dé
xac dinh do rong vong nam (Z7) theo nam.

Téng sé cay Thong 5 14 duge khoan 13 56 cay &
ba viing phan bd la Bidoup Nui Ba (26 cay), Chu
Yang Sin (14 cay) va Kon Ka Kinh (16 cay), voi cac
théng tin théng ké trong bang 2. Cay khoan dugc
phén b6 rai theo cdp kinh c6 sin tai tmg ving
nghién ctiru. Chi héu lya chon cay la cay sinh truéng
t6t, khong bi di tat, moc trong diéu kién dai dign ciia
1am phén phan bé.

Nhimg cay ldy mau dugc xac dinh toa dp UTM
bang GPS, do duong kinh ngang ngyuc (DBH, cm) vi
chiéu cao cay (H, m); méi cay khoan 2 - 4 16i theo
huéng Pong Tay - Bic Nam. Mau khoan dugc phoi
kho, sau d6 mau duoc dan lén khay gé va cuéi cung
dugc danh/cha bong bé mat bang gidy nham tir thd
dén min (200 - 600).

Dé xic dinh tudi cay. s dung phuong phap
chudr nién dai tieu chuan (Stockes va Smiley, 1968).
Trong d6 khi xac dinh tuoi cay. chdp nhan sa s do
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b6 qua mét s8 nam dé cay dat do cao & vi tri khoan
(thuomg 13 1,0 - 1,3 m); déi véi cay khoan ding tam
thi s vong nam chinh 12 tudi cay (4, nam), trong khi
46 88i voi cay 16m khong thé khoan dén tam thi
khong xac dinh tugi, chi x4c dinh bé rong vong nam
(Zr, em), tang truong duong kinh (Zd, cm) va duong
kinh ngang nguc khong vo ngang nguc (D, cm) theo
nam. Riéng cay khoan bj léch tam nhung van khoan
dén vong nam déi dién thi tudi A duge xac dinh 13 s6
vong nim do duoc va sé vong nam ude tinh r, r duoc
tinh theo cong thitc cia Duncan (1989) (Hinh 1).

2 h
r=—1= [6)]
8h 2
Phio veng eam b cit
/
B¢ 1ong min
Chous G ©
—
, -
Tim ciy

Hinh 1. M6 ti phuong phép uéc tinh sg vong nam
mét (Duncan, 1989)

Trong d6: r I3 s6' vong nam udc dodn; L Ii chiéu
dai vong ndm bj cat; h I chidu cao/do diy cua vong
nam bj cit.

Sir dung phuong phap tham dinh tudi chéo
(Crossdate) va phin mém Cofecha (Fritts, 1976;
Holmes 1983) dé x4c dinh vong nam mat (Missing
ring), va xac dinh méi quan h¢ giira cac chubi du ligu
vong nam. Do dém d¢ rong vong nam (Zn) bing kinh
hién vi c6 d6 phéng dai 40 1in véi sy trg gitp cla
ph&n mém J2X va may tinh (Speer et al, 2010). Tir do
suy ra duémg kinh ngang nguc (D, cm), lueng ting
trueng duéng kinh (Zd, cm/nam), ty 1é tang truéng
duf:mg kinh (Pd = Zd/D) theo nam va tudi (A, nam)
cua cAc cay giai tich.

Hinh 2. MAu I5i g6 khoan dudi kinh hién phéng dai
40 l4n
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2.2.2. Phuong phdp lsp mo hinh sinh truong,
ting truong duong kinh Thong 5 14 theo ving phin
b

Udr luong cac mé hinh theo phuong phap hop ly
cye dai (Maximum Likelihood) dang ham phi tuyén
c6 trong s6 (Weight) va xem xét anh huéng ngau
nhién (Random effects) ctia cac ving phan bé sinh
thai khac nhau lén cac tham s6 cia moé hinh. Ap
dung chuong trinh nlme trong phan mém ma nguén
ma& R (Pinheiro et a/, 2014; Huy ef al, 2016, 2019;
Béo Huy, 2017) dé uéc luong cac md hinh sau:

Mé hinh Schumacher (Bio Huy, 2017):

Y =a, Xexp(—b XX™ ) +¢g 2)

Mo hinh Exponential (Archontoulis va
Miguez, 2015):

Y=Yox (I -¢e4") 3)
Y= Yoxef Y (4)
Mo hinh Power:

Y= a, XX°‘+E, 5
M4 hinh Hyperbol

Y= a,+1/X"+¢ (6
Ham phuong sai clia sai s6 ngéu nhién:

Var(ei) =o* 6.)* M

Trong d6 Yla duomg kinh ngang nguc cay (D,
cm) hoac ty lé tang truéng duomg kinh (Pd), Yo la
gia tri t6i da cia bién Y: X 1a duong kinh (D, cro)
hodc tudl cay (A, nam); a, b,va m,la cac tham s caa
cac md hinh thay dgi theo viing phan bd Thong 5 la £
£,1a sa1 s6 ngu nhien theo viing phan bé i o 14 tong
binh phuong ctia sai s6, y, 1 bién trong s6 theo vung
phan bo £ va k12 hé s6 clia ham phuong sai (Huy et
al, 2016, 2019).

Mo hinh duoc tua chon dua vao chi tiéu (hong
ké AIC bé nhdt, két hop véi B2, 16n va cac sai s beé
nhét gém sa1 $6 trung binh binh phuong (RMSE) va
sai s6 trung binh tuyét d6i % (MAPE) (Huy er al,
2016, 2019); két hop véi kiém tra dé thi quan hé gia
tri thyc nghiém v dy doan va phan bd sai s theo
gia tri du doan qua moé hinh.

iyn,v ®

RMSE =

(% vl
»

MAPE (%) = =217, ©

Trong d6 n 1a s6 du lieu; i, ¥, 1an luot 1a gia tn
quan sat va du doan qua mé hinh.
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3. KET QUA NEHIEN CUY VA THAO LUAN
Béng 3. Chi tiéu théng ke sinh mrmg Dva Z7 theo

A clia cac chy khoan
e e o [A(tud,| D Zd
Chi tiéu thong ke '

{ Z nam) | (cm) |(cm/nam)
Count (n) 4566 | 7331 7331
Average (trung binh) 102 354 0.340
Standard deviation
(sai tiéu chudn) 76,016 21,186 0,299
Cocfl, of vanation (he | 7, 77y |50 a3%| 88,03%
s6 bién dong, %)
Minimum (nhé nhit) 1 0,3 0,013
Maximum (16n nhat) 322 1159 | 3,065
Range phamvibién | g1 | 1156 | 305
dong)

Cac chi tiéu théng ké cac gia tri sinh trudng D,
ting trudng Zd theo tudi A trong bang 3; véi bién
dong tudi A tir 1 - 322 nam tudi va lugng ting truéng
duomg kinh Zd Théng 5 la & 3 ving tr 0,013 dén

3,065 cm/nam (bién dong theo tudi cay va vung phan
b6): trung binh Thong 5 14 viing Tay Nguyén €0 tang
trrong duong kinh 1a 0,340 cm/nam.

3.1. M hinb sinh truéng dubng kinh () Thong
5 14 cho céc viing phan b8 & Tay Nguyen

Tir 4.566 bé dir lieu D theo A cia Thong 5 14 ¢
dugr tir khoan bé rong vong nam & ba khu vire phan
b3, tién hanh tham do mo hinh sinh truéng thich hop
theo cic ham phé bién nhu & bang 4.

Két qua & bing 4 cho thdy mac du md hinh
Schumacher (Stt 1) c6 gia tri AIC bé nhat va hé s¢
x4c dinh diéu chinh R%,, 16m nhat, nhung tham s6 a
lai khong ton tai (co Py, > 0,05); trong khi dé mé
hinh Exponential (Stt 3) cé cac sai s6 bé nhat nhumg
R%,,, lai khéong xac dinh (NA) va c6 AIC lon hon mé
hinh Exponential (Stt 2), vi vay mé hinh Exponential
(Stt 2) duogc lya chon dé mé phong cho qua trinh
sinh gudng D cda Théng 514 ving Tay Nguyén.

Bang 4. So sanh va lyra chon mé hinh sinh tnrmg dudmg kinh (D/4) ciia Thong 5 14 véi anh hudng cia cée

vung phan bd khic nhau
. .| Nhan t6 anh huong 2 RMSE | MAPE
Stt M6 hinh Trong s6 (Random effect) AIC R%.4 (cm) )
[ 1 | D=axettim 1/A* Ving phan bé 33202,9 | 0,757 | 4,691 | 20,245
[ 2 [ D=Dx@-e¥) 1/4* Vung phan bé 34099,2 | 0,700 | 4,415 | 15977
\ 3 | D=Dxe™» 1/A4* Vung phan bg 43729,7 | NA 2,860 | 11,799

Ghi chi: n = 4.566 dit lieu; k: h¢ s6 cua ham phuong sai; D, Duong kinh toi da; # Tham s6 ¢6 Py, > 0,05,

In dém 12 mo hinh duoc lyra chon
3

~
B &

D quan sat (cm)

8
@

25 s0 15
D di doan qua ma hinh (cm)
Hinh 3. Quan hé gifra gi4 tri D quan sit véi Ddy
do4n qua mé hinh Exponential:
Dy s0an = Dol - €%#) chung cho cc ving phan bg
Ham sinh truong D/A theo ham Exponential
lya chon chung cho cac viing phan b6 sé co bién
d¢ng va sai 50 lon (Hinh 3): do d6 sir dung ky thuat
phat hién nhan t8 anh huong (random effect) dé xac
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dinh anh hudng cua yéu t6 moi truomg khac nhau
cua cac viang phan bé 1én cac tham s¢ caa mé hinh.
Két qua cho thay tham sé a, ctia mé hinh lya chon
Exponential thay déi ro rét theo cac viing phan b6
Thoéng 5 1a. Sir dung mé hinh thay déi a, sé cho do
tin cdy cao, sai s6 bién dong hep hon (bang 5 va
hinh 4, 5).

Hinh 5 cho théy sinh truéng Thong 5 14 theo tudi
tai ba viing sinh thai la rat khac nhau, téc do sinh
truong tai viang Kon Ka Kinh la (6t nhat va vang
Bidoup Nui Ba la cham nhat.

Qua moé hinh mé phéng quan hé sinh truong 0
theo réi 4 (D/A) phan biét cho 3 viing ciing cho
thay xu huéng sinh truong cita Thong 5 1a van tiép
tuc tang khi tudi cay ting vén A > 300 nam cho viing
Bidoup va Chu Yang Sin va A > 73 nam cho ving
Kon Ka Kinh.

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 1 - THANG 3/2020



KHOA HOC CONG NGHE

D quan sht (em)
P30

*

T % @ B o
D thr dadn qua 8 hioh (em)

Hinh 4. Quan hé giira gi4 tri Dquan sat va D dy do4n
qua md hinh Exponential: Dy, gz = Doll - €74) theo
viing phan bd: BD: Bidoup Nui B3, CYS: Chu Yang
Sin, KKK: Kon Ka Kinh
Bang 5. M6 hinh D = 400x(1 - €A duge hra chon
eo cic ving phan b8 Théng 514 & Tay Nguyen

Gia tri tham s6 va sai s6
tiéu chuan (SE) thay
Vung phan bé u, | déitheo viing phan bé i,
véi P = 95%
3, SE,
Bidoup Ntii Ba | 2780 | 0,000704 | 7.911e06
| Chy Yang Sin | 1297 | 0,000932 | 1,158e-05
[ KonKaKinh | 489 | 0,001679 | 1,886e-05

Hinh 5. Biéu dién mé hinh sinh truéng duéng kinh
(D/A) Théng 5 14 theo mé hinh Exponential; D =
Dy(1 - €¥*) phan biét cho ba viing phan bé: BD:

Bidoup Nui Ba, CYS: Chu Yang Sin, KKK: Kon Ka

Kinh

3.2. Mo hinh o tinh tj 18 ting tnréng duéng
kinh (Pd) theo D loai Thong 5 14 theo ving phan bé
sinh thai

Tur 4.566 bd dir lieu Zd/D lap duge b du lieu
Pd/D tuong tmg dé 1ap mé hinh. Quan hé Pd/D la
dang giam, Pd giam khi D ting lén, do d6 da do tim
mét s6 ham tuong thich dang Hyperbol, Power cé
ma am, ham Exp m@ am,... d¢ tm ham mé phéng
méi quan hé nay; két qua mnh bay & bang 6.

Bang 6. So sanh va lya chon mé hinh quan hé ty 1¢ ting truéng dudng kinh (Pd) theo Dctia Thong 5 14 véi

anh huéng ciia céc vitng phan bd khéc nhau
. . Nhan t6 anh huéng ’
Stt Mo hinh Trong s0 Random efiect) AIC R%q, RMSE
1 Pd =a+b/D 1/D¢ Ving phan bé -28656 0,033 0,795
2 Pd=ax D® 1/D Ving phan bé 29075 0,704 0,632

Ghi chii: n = 4566 dix ligu; k: hé s6 ciia ham phuong sai; In dam la mo hinh duge liea chon

o s o
T s avan ua mo hen

Hinh 6. Quan h¢ gitra Pd quan sit véi Pd dy doan
qua mé hinh Power Pd=al?* chung cho cic ving
phan bg

Két qua cho thdy mé hinh Pd/D lra chon c6
dang Power lam mo hinh chung cho ca vang Tay
Nguyén 6 sai $6 woe luong £ cao khi cay c6 Dcang
1ém, thé hien qua quan hé Pd quan sat va Pd dy doan
qua mo hinh phan tan khi Pd ting (Hinh 6). Vi vay
cn phan chia mo hinh theo ving phan bé dé tang o
tin cdy va giam sai s6. Phuong phap thay doi tham s6
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ctia mé hinh theo viing phén bé goi 1a random effect
trong phuong phdp uéc luong ham phi tuyén
maximum likelihood cé rong sé da dugc ap dung;
két qua lam giam bién dong sai s6 va ting do tin cay
khi uoc lwong Pd theo timg ving phan bé cua no &
Tay Nguyén (Hinh 7 va Bang 7).

Hinh 7. Quan hé giira gia tri Pdquan satva Pddy
doan qua m6 hinh Power Pd= aD¥ theo viing phan
bé: BD: Bidoup Nui Ba, CYS: Chu Yang Sin, KKK:

Kon Ka Kinh
Két qua phan chia mé hinh Pd/D theo wing
phan bo cho thay Pdcao (> 0,2) & cic cap kinh nho
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(D < 5 cm), sau d6 Pd giam nhanh khi p lang len
trong cap kinh tr 5 - 10 cm; khi D> 10 em thi Pd
giam cham lai. Viing Kon Ka Kinh ¢6 Pd cao hon hai
ving phan b6 Bidoup Nui Ba va Chir Yang Sin; diéu
nay phii hop két qua nghién ¢t sinh truéng Thong 5
la (Hinh 8).

Béng 7. M6 hinh Pd = 2« duge Ira chon theo cac

viing phén b6 Théng 514 & Tay Nguyén
Gia tri tham so va sai s6 tiéu
Vung . chudn (SE) thay déi theo viing
phanbs | ™ phan b§ i, vér P = 95%
a | SE | b | SE
Bidoup
s |2780 -1,10038|0,00332
Nui Ba
Chu
. [1297(0,38373/0,01923|-1,10330 {0,00487
Yang Sin
Kon Ka
Kinh 489 40,72993(0,00793

o

T B I—T
D tem)

Hinh 8. Biéu dién mé hinh quan hé Pd/DThong 5 14
theo mé hinh Pd = aD* phén biét cho ba viing phan
bé: BD: Bidoup Nti Ba, CYS: Char Yang Sin, KKK:
Kon Ka Kinh

Trong thuc té c6 thé img dung mo hinh quan hé
Pd/D dé du doan tang trudmg D hoac théi gian cay
dat duoc mot D mong mudn cia Théng 5 1a nhu sau;

- Xéc dinh viing phan bé (mét trong ba vang lap
mo hinh) dé chon lra m6 hinh Power ¢6 tham s6 pha
hop (Bang 7)

- Du doan tang truéng duong kinh Ze# Thé gia try
Dbt ky vao mo hinh sé c6 duoc Pd trong ung: tir do
suyra Zd =Pdx D.

- Du doan thdi gian n dé cay dat duong kinh
mong mudn D,., tir mdt cay trung binh & théi diém
hién tai c6 cuong kinh la D

+ Dy doan lugng tang trudng divmg kinh cua
cay tai thoi diém (Z,) Thé D, vio moé hinh Pd/D
theo vang phan bé thich hop Bang 7) du doan duoc
Zyy = Puax Dy

+ Du doan théi gian n cay dat duov dudmg kinh
Dan
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- Dyun — Dy
n= Atn 74
ZHA

4. KET LUAN

Lurong tang truéng dudng kinh (Zd) Thong 514
bién dong tix 0,013 dén 3,065 cm/nam do anh huéng
clia tudi va yéu 16 sinh thai khac nhau, trung binh &
Tay Nguyen la 0,340 cm/nam.

M6 hinh sinh truéng, tang truong cho loai
Théng 5 la duoc thiét 1ap va tham dinh sai 6 cho ba
vung phan b6 sinh thai (Bidoup Nui Ba, Chu Yang
Sin va Kon Ka Kinh), voi mé hinh sinh truéng dudmg
kinh D/A theo dang ham Exponential: D = 400x (1 -
e“"¥) va ty 1é tang truomg duong kinh Pd/D theo
dang Power tham s6 mu am: Pd = ax D véi cac tham
6 ai va bi thay d6i theo ving phan bé sinh thai i.
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DIAMETER GROWTH AND INCREMENT MODELS OF Pinus dalatensis Ferré SPECIES IN THE
CENTRAL HIGHLANDS OF VIETNAM
Le Canh Nam!, Nguyen Thach Men', Ho Ngoc Tho? Bao Huy®
! Forest Sciences Institute of Central Highlands and South of Central Viet Nam

?Kon Ka Kinh National Park, Gia Lai Province
?Tav Nguyen University

Summary

Pinus dalatensis Ferré, an endemic species to Annanute range, was first desribed and publbshed in 1960 by
Ferre, a French botamist. In Vietnam, Pinus da/atensis is maiply distributed in the mixed broad-leaved and
coniferous forests in the Central Highlands. The main objective of this study is to develop the diameter (0)
growth - increment rate (Pd) models of Pinus dalatensis at each site in the Central Highlands of Vietnam.
We collected data of diameter growth and increment from 56 sample trees at 3 different sites (Natonal
Parks of Bidoup N1 Ba, Chu Yang Sin and Kon Ka Kinh) by using a Haglof increment borer. The method
for developing equations was weighted fi regression with random effects of the site fit by maxioum
likelihood. As a result, the annual increment of diameter of Pinus dalatensis (Zd) s affected by its age and
different ecological factors, and Zd ranges from 0,013 to 3,065 cm year' and the mean annual increment of
diameler is 0.340 cm year’. Besides, the models of diameter growth and increment of Pinus dalatensis were
developed as well as cross-validated 1n 3 sites of the Central Highlands: the selected models figured out that
the diameter growth models fit the Exponental function: D = 400x (1 - €**V) and the regression between
Pdand D fit well in with the Power rule: Pd = ax D¥, in which paranieters a, and b, changed along with
different site.

Keywords: Central highlands, diameter, growth, increment, Pinus dalatenesis, tree ring.
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