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TOM TAT

M5 hinh tang truong dudng kinh va ty 1& cay chét tu nhién thuong duoc st
dung dé dy doan san luong va dong thai ciia 1am phin, né cé y nghia quan
trong trong quan ly rung. Bai béo sir dung dir li¢u dugc thu thap tir cac 6
dinh vi dé xay dung mé hinh ting truong dudng kinh va ty 1¢ cay chét cho
trang thai rimg trung binh va giau tai Khu bao ton thién nhién Vin hoa
Ddng Nai. Dang ham phi tuyén va Logistic da dugc lya chon dé mé phong
tang truong duong kinh (ZD) va udc lugng xac suat cdy bi chét, véi cac
bién dy bao 14 kich thude than cay (duong kinh: DBH), phém chit va mbi

Tir khéa: Mb hinh sinh quan hé vi tri gilra cac cay. Két qua nghién ciru cho thdy DBH va pham
truong cy ca thé, mod chit cay ring la cac bién co y nghia quan trong dy doén ZD. Cu thé, ZD
hinh Logistic, rimg nhiét tang theo DBH, sau khi dat gia tri 1on nhat ZD 6 xu huéng giam va tiém
doi, ty 1é sdng can 0 khi DBH tiém céan toi da. Ty I§ cay bi chét trong chu ky diéu tra &

ring glau va trung binh lan luot 1a 10, 94% va 15,67%. Ngoai ra, cac nhan
t6 c6 mdi tuong quan chdt vdi xac suat cay chét bao gom: DBH, chi s0
canh tranh tan va pham chat cay. Cu thé, giai doan cdy non xéac suat chét ty
nhién thuong cao, budc vao giai doan 1am phan 6n dinh xac suit cay chét
giam, nhung khi cdy gia cdi c6 xu hudng ting tro lai. Phim chit 1a bién
quan trong & cac md hinh dy bao sinh trudng céy ca thé, so véi cay co
pham chit tét, ZD va ty 1¢ séng ctia nhitng cay co pham chat trung binh va
xAu giam rd rét. Két qua cua nghlen clru khang dinh cac nhan t6 didu tra
nhu DBH, pham chit va chi s6 Hegyi c6 the dugc sir dung dé du doan sinh
truong cdy ca thé & rimg mua nhiét doi c6 ciu tric phire tap.

Individual tree diameter increment and mortality models for medium
and rich forest in Dong Nai Culture and Nature Reserve

Individual tree diameter increment and mortality models constitute an
individual-tree growth model which can be used to predict stand yield and

Keywords: Modeling forest dynamic. Being able to predict tree diameter growth and the survival
individual tree growth, probability provides significant insights into forest management decision
logistic regression support. In this study, we used data from permanent sample plots to
models, tropical forest, develop an individual tree growth and mortality models for the medium
survival probability forest and the rich forest in Dong Nai Culture and Nature Reserve.

Diameter increment equations were fitted by nonlinear models, while
logistic regression models were used to estimate individual tree survival
probability based on tree tree size, tree quality, competition, and relative
position of trees in stands. The resulting models showed that the main
determinants of tree growth were shown to be tree size variables (diameter
at breast height: DBH) and tree quality. Specifically, with increasing DBH,
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5-years diameter growth of a given tree increases and approach asymptotes.
After reaching a peak, 5-years diameter growth decrease and approaches
zero. During the five-year period, the observed trees died were 10.94% for
the rich forest and 15.67% for the medium forest. Logistic regression
analysis revealed that mortality rate were affected by DBH, distance
dependent competition indices and tree quality. Moreover, the resulting
models also showed that trees usually have relatively high mortality in the
early stages. As trees increase in DBH, survival probability increases and
becomes stable over the middle of the size range. At older stages, survival
probability decreases again. Finally, these results suggest that both growth
and mortality rates were affected by tree quality. For instance, diameter
increment and survial rate in medium quality and bad quality are
significantly lower than good quality trees. Our findings thus appear to
support the critical assumption that tree size (DBH), tree quality and
competition index can be used to predict DBH growth and survival

probability of individual tree for complex stands of tropical forest.

L. PAT VAN DE

Mo hinh sinh truéng la cong cu quan trong,
giap ich cho cong tic quan ly rung theo
huéng hiéu qua va bén viing (Tenzin ef al.,
2017). M6 hinh sinh truéng thuong dugc
dung trong du bao ting trudng, san lugng,
cling nhu dong thai cia 1am phan, né dugc
ciu thanh boi hai thanh phan chinh 1a ting
truong va ty 1& chét cia ting ciy (Zhang et
al., 1997). Trong d6, tang trudng cua cay
rimg chiu sy chi phdi cua rat nhidu yéu tb
nhu: tudi, kich thuéc, kiéu gene, diéu kién
moi trudng (dat dai), canh tranh vé 4dnh sang,
nude va chat dinh dudng (Zhang et al., 2017).
Vi vdy, viéc dua ddy du cac yéu td trén vao
du doan sé€ tang 3o chinh xac ciia cac mo hinh
dy bao sinh truong cdy ca thé. Tuy nhién,
viéc xac dinh cac yéu té nhu kiéu gene, diéu
kién moi truong cua tit ca cac cdy trong lam
phan ¢ ngoai thuc dia ciing nhu trong phong
thi nghiém Ia diéu khé thuc hién va khong
kha thi. Vi véy, rt kho dé dua tit ca cac yéu
t6 trén vao mé hinh dy doan (Mitsuda et al.,
2002). Bé don gian nguoi ta thuong sir dung
cac chi tiéu do dém ngoai thuc dia phan anh
kha ning chiém linh khong gian dinh dudng
ctia mdi cay nhu: kich thudc than, tan cay va
vi tri khong gian dé mo hinh hoa tang trudng
ciy ca thé (Biging and Dobbertin, 1995).
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Ty 1& cdy chét ty nhién 1a mot trong nhimng
thanh phin quan trong trong mé hinh sinh
truong boi nd anh huong truc tiép dén t6
thanh va ciu trac ring, ciing nhu gian tiép
dén sy bién d6i vong tudn hoan dinh dudng
trong h¢ sinh thai va lugong tang trudng hang
nam (Bertini et al., 2019). Trong d6, m6 hinh
du doan ty 1€ cay chét tu nhién co thé duoc
x4y dung cho cdp do 1am phéan hodc c4 thé
riéng 1 (Clutter er al., 1983). O cip d6 1am
phan thi mé hinh dy doan sb cdy chét trén
mot don vi dién tich dya vao cac dic trung
nhur mat do, téng tiét dién ngang, chi s6 cap
dat (Clutter et al., 1983). O cip d6 ca thé
riéng 1¢, md hinh du doan kha ning chét cua
mdi ciy dwa vao cac dic trung nhu dudng
kinh, chiéu cao, duong kinh tan, phém chat
cdy (tan, than, &), vi tri khong gian
(Temesgen & Mitchell, 2005; Jones et al.,
2019), sir dung mot s6 md hinh nhu: Noron
than kinh nhan tao (Bayat et al., 2019), phan
loai phi tham s6 (Dobbertin and Biging,
1998), ham phan bd xac suit (Buford and
Hafley, 1985) va hdi quy (Strimbu e al.,
2017). Trong s6 d6 ham hoi quy Logistic
thuong dugc st dung rong rdi va cho két
qua mo phong tot ddi voi loai hinh ring tu
nhién hén loai va c6 cdu trac phuc tap (Yahya
etal.,2014).
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Nhitng 1am phan c6 céu tric phtc tap giita cac
cay luon tdn tai su sai khac vé tudi, loai, kich
thude, thé trang va dac tinh sinh thai
(Temesgen & Mitchell, 2005). O nhimg 1am
phén d6, mot sb loai cay co thé ton tai va sinh
truong dudi tang tan cia cay khac, tham chi
trong nhitng diéu kién méi truong xung quanh
khéc nhiét khong thuén loi, trong khi mot s6
loai khéc thi ngugc lai. Tir nhitng ly luan trén
cho thidy mé hinh ting truong va ty 18 bi chét
cho timg ca thé cdy riéng 1¢ 1a v cung quy
bau va can thiét trong du doan san luong cua
ca 1am phan (Temesgen & Mitchell, 2005).
Truéc day cac mé hinh sinh truéng chu yéu
tap trung xay dung cho ddi tugng rimg trong
thuén loai, véi loai hinh rung ty nhién thi cac
nghién ctru chi duoc tién hanh & nhimng thap
nién gan day va két qua thu duoc con han ché
(Quinonez-Barraza et al., 2018). Pac biét voi
thanh phan loai cdy va céu trac da dang nhu
ring tu nhién & nudc ta thi sé luong céc
nghién ctru vé mé hinh sinh truong va du
doan san lugng con kha it (Tan, 2010;
Nguyén Thi Thu Hién, 2015). Khu Bao ton
Thién nhién Vin hoa Pong Nai (KBT) 1a mot
trong nhiing hé sinh thai rung nhiét doi la
rong thuong xanh cé gia tri da dang sinh hoc
va bao ton cao voi hon 1.400 loai thuc vat
khac nhau, trong d6 cé nhiéu loai dong thuc
vat quy hiém va nguy cip. Sau hon 15 nim
thuc hién chu truong dong ctra rung cua Uy
ban nhan dan tinh Pdng Nai tai nguyén rimg
cia KBT di timg budc duoc phuc hoi vé ca
dién tich va chat luong (Phan vién diéu tra,
2008). Panh gia chit lugng va du bao xu
huéng phat trién cia rimg sau thoi gian phuc
hdi 1a viéc 1am can thiét cung cép co s khoa
hoc cho cong tac quan ly va quy hoach cac
loai rimg tai KBT. Xuat phat tir nhiing 1y do
trén bai bao tién hanh thir nghiém xay dung
mo hinh sinh truéng cho cay riéng 1€ & trang
thai rimg gidu va trung binh tai Khu Bao ton
Thién nhién Van hoa D@)ng Nai, véi muc ti€u
bd sung phuong phap luan cho viéc mé phong

dong thai rung ty nhién 1a rong thuong xanh
0 nudc ta.

II. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Khu vue nghién ctru

Céc 6 tiéu chudn nghién ctru dugc dit tai xa Ma
Da - Khu béo ton thién nhién vin hoa Dong Nai.
Toa d6 dia ly: 11°08°55”-11°51°30” vi do Bic,
106°90°73” - 107°23°74” kinh d6 Dong. Quan
xa thuc vat khu vuc nghién ctru 1a rung kin
thuong xanh am nhiét doi v6i mot sb wu hop
thyc vat dién hinh nhu: Cho chai (Hopea
recopei), Huynh duong (Dysoxylum loureiri),
Dau song nang (Dipterocarpus dyeri), Dau con
tai (Dipterocarpus alatus) va Bing ling
(Lagerstroemia calyculata ).

2.2. Phwong phap nghién ciru

2.2.1. Thiét ké 6 mdu va diéu tra thuc dia
Nghién ctru ké thira bo dir liéu diéu tra nim
2013 tai 2 OTC dién tich 1 ha (100 x 100 m)
do Phan vién Diéu tra Quy hoach rimg Nam
B§ lap ¢ trang thai riung giau va trung binh
thudc xa M Pa - Khu Bao ton Thién nhién Vin
hoa Dong Nai. Dit lidu diéu tra cay gd c6 dudng
kinh 16n hon 5 cm bao gém: Puong kinh tai vi
tri 1,3 m (DBH) va duong kinh tan (Cr) dugc
x4c dinh bang thudc day, chidu cao vat ngon
(H) dugc do bang thuéc Blume - Leiss, dong
thoi xac dinh toa d6 dwong ddi cia ting ciy
bang thudc day va la ban, sau d6 dung cac
diém khéng ché chuyén toa do cay vé dang h¢
toa d0 VN-2000 (hinh 1). Chat luong ciy
rimg duoc phan thanh 3 cip:

+ Loai A (tot): Than cay thang, tron déu, chiéu
cao dudi canh chiém 16n hon 50% chiéu cao vit
ngon; khong 16i gd (khong canh méu to, sdu
bénh,...), hinh thai tan 14 tir loai 4 tr¢ 1én.

+ Loai B (trung binh): Than khéng dugc thing
déu nhu loai A, chiéu cao duéi canh lén hon
50% chiéu cao vat ngon; it 15i gb (it canh mau
to, sau bénh,...); hinh thai tan la tir loai 3 tr¢ 1én.
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+ Loai C (x4u): Than cong queo, chidu cao dudi
canh thap hon 50% chiéu cao vt ngon; c6 nhiéu
161 g, tan cy bi ton thuong.

BAN DO PHAN BO CAY RUNG TRONG O TIEU CHUAN
RUNG TRUNG BINH - NAM 2013
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chuan & 1an diéu tra thtr nhat dugce do dém lai cac
chi tiéu nhu dudng kinh, chiéu cao, dudng kinh
tan va danh du nhimg cy da chét.
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Hinh 1. So d6 phan bé cay ring trong cac OTC nghién ciru

2.2.2. Phwong phdp phédn nhom loai

Dua vao cac két qua nghién ctru cua Tenzin va
dong tac gia (2017) khi tién hanh phan chia
nhém loai cho rimg ty nhién véi thanh phan loai
va ciu trac phtic tap xdy dung mé hinh tang
truong, bai bao tién hanh phan nhém cac loai
dua vao cac bién du doan mé ta ciu trac 1dm
phin, sinh truéng va chét luong cdy rimg nhu:
Pudng kinh trung binh, dudng kinh 16n nhat,
nhé nhét, ting truéng 5 nim vé duong kinh
trung binh va 16n nhat. Phuong phap phan nhom
dugc tién hanh theo 2 giai doan, du tién sir
dung thuét toan K-means dé phan chia s6 nhém
cho dit liéu. Sau d6 tién hanh phan tich c¢6 thir
béc sir dung thudt toan phan nhém bao gdm céc
phuong phdp phan tich cum dya vao khoang
cach: lién két don “single linkage”, lién két hoan
toan “complete linkage”, lién két trung binh
“average linkage” va phuong phap phan tich
cum dwa vao phuong sai (thil tuc Ward) dé tién
hanh chon s6 cum thich hop nhét cho dit liéu.
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2.2.3. Cdch tinh todn cdc chi sé canh tranh

Chi 6 canh tranh (CD thé hién muc do canh
tranh cta cac cay lan can dbi voi cay muc tiéu,
chi s6 canh tranh cang 16n ching to ciy muc
tiéu chiu sy chén ép cua cac cay lan can cang
manh me&. Nghién ctru lua chon chi s6 canh
tranh phu thudc vao khoang cach Hegyi (1974)
dé biéu thi cudng do canh tranh giita cac cay
c4 thé trong 1am phan.

DBH , 1
HegyiD = z —
DBH, Llj

n Cr. 1

HegyiCr=) —Lx—

IERS Lrj

DBH;, Cr;: duong kinh ngang nguc va duong
kinh tan ctua cay muyc tiéu; DBH;, Cr;: duong
kinh ngang nguc va duong kinh tan cua cay
lang giéng; L;j 1a khoang céach gifta cady muyc
tiéu va cdy lang giéng. Can clr nghién ctru ciia
Nguyén Thanh Tudn va dong tac gia (2017)
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ddi voi trang thai rung tu nhién tai khu vuc
nghién cuu thi nhitng cdy c6 pham vi ban
kinh 8 (m) c6 sy anh huong canh tranh dbi
vl cdy muc ti€u. Vi vay, nghién ctu nay st
dung khoang cach 8 (m) dé xac dinh cac cdy
canh tranh.

Dé loai trir sai s6 do anh hudng cia cac cdy
ngoai OTC tdi1 cdy muc ti€u, nghién cuu chi
Iya chon cay muc tiéu la nhiing cay nam trong
OTC va cach ranh gigi cua OTC 1a 8 m, con
cdy lan can la toan bd nhiing cay cé trong 0
tiéu chuan c6 quan hé canh tranh khong gian
dinh dudng vdi cay muc tiéu.

2.2.4. Phuong phdap mé hinh hoa ting truong
cua dwong kinh

Xéc dinh ting truong duong kinh 1a co so dé
dua ra du doan su thay ddi cAu tric 1am phﬁn
chinh x4c va nim duoc quy luat sinh trudng
ctia rimg. Poi véi loai hinh rimg tu nhién
tang truong duong kinh (ZD) ¢6 thé duoc du
doan thong qua cac ham thyuc nghiém voi cac
bién 1a chi tiéu kich thudc than, chat luong
va vi thé khong gian dinh dudng cua cdy
(Kuehne et al., 2019):

ZD=exp(a+b x SIZE + ¢ x

COMP+dxQUAL+exGROUP) (1)

Trong do: ZD la tang trudong dinh ky 5 ndm
vé duong kinh; SIZE ham s0 mo6 ta kich
thude 16n nho cy rimg, COMP ham s6 phan
anh kha nang canh tranh khong gian dinh
dudng cua cay rung; a, b, ¢, d, e la tham so
cua phuong trinh.

Nghién cuu st dung duong kinh ngang nguc
(DBH) trong md hinh dé phan anh kich thudc
16n nho cua cdy: b x SIZE = b; XDBH + b, %
DBH*+b;x InDBH

Ham cia chi sd canh tranh: ¢xCOMP =
cixH+cyxCrtes3xHegyiD+csxHegyiCr

Trong dé: H 1a chiéu cao vat ngon, Cr la
duong kinh tan, HegyiD va HegyiCr la chi
s6 canh tranh Hegyi.

QUAL la pham chat cay, bao gom bién phan

loai: “t6t”, “trung binh” va “xau”.

GROUP 1a nhém loai ciy dwa vao két qua phan
chia cac nhém c6 sy dong nhét vé ting trudng.
Trong md hinh da bién hé sd xac dinh (RZ)
tang theo sb bién phu thudc duoc dua vao dé
du doan, nhung khong thé ndi mé hinh d6 kha
ning mod phong tét nhat, béi vi mot sd bién
ddc lap it c6 y nghia hodc khong co tac dung
giai thich bién can du doan. Vi viy, nguyén
tac xdy dung phuong trinh dy doan 13 wu tién
cac mo hinh it bién du doan. Mirc do phu hop
cua mo hinh dy doan dugc danh gia theo ti€u
chuén thong tin Akaike (AIC). M6 hinh dugc
Iwa chon cubi cing 1a moé hinh ¢6 AIC thap
nhat (Ohno et al., 2009).

Ngoai ra, nghién ctru cling st dung phuong
phap chon bién ting budc dé lya chon nhimng
bién du doan hitu ich dua vao mé hinh, két
hop véi yéu t6 khuyéch dai phuong sai (VIF)
dé loai bo nhimng bién c6 quan hé cong tuyén
tinh manh véi nhau.
1

SR @

VIF (i)
Trong do: Rz(i) = hé s twong quan giita bién
doc 1ap thar 1 voi cac bién doc 1ap khac; VIF(i)
1a tri s6 nghich dao cua do chép nhan, do chép
nhan cta bién tht i duoc tinh nham xé4c dinh
bién i c6 ¥ nghia hay khong, hay no co thé
duoc dua vao mo hinh hay khong. VIF(i) duoc
dung dé tinh phuong sai cho hé s hdi quy thu
i. Khi d6 chap nhan nhoé thi VIF(i) s& 1on. No6i
khac di, khi VIF(i) 16n thi hé s6 hoi quy thi i
bién dong manh. Su bién dong manh cia hé sb
hdi quy thir i cho biét bién nay c6 y nghia kém
trong mé hinh. VIF < 10, bién doc lap khong
ton tai quan hé cong tuyén tinh, VIF > 10 bién
ddc 1ap c6 quan hé cong tuyén tinh manh.

2.2.5. Phwong phdp mé hinh héa ty 1¢ chét

Tang truong dudng kinh va ciy bi chét 1a hai
qué trinh song song ton tai trong mdt 1am phan
ring ty nhién va tac dong qua lai 1an nhau.
Trong bai bao nay dé tra 151 cau hoi trang thai
cdy rung (séng hay chét) sau chu ky 5 nim,
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tic ty 16 tir vong hodc ty 1& séng dugc md
phong bang ham Logistic:

1 L
p=l—
: (1+e"”{j

Trong dé: PX 1a t6 hop cia vector tham sb B
va vector cac bién doc lap X, L 1a sb nim
trong chu ky diéu tra, P 1a ty 1¢ song dy doan
trong toan chu ky. V&i cdy sdng, bat dau chu
ky diéu tra L=0, Pe=1, khi L ting 1én gia tri
giam va tién vé 0.

€)

Cong thirc trén gia thuyét 1 wdc tinh ty 16 sng
hang nim nhung trong thuc t& thuong muc tiéu
1a wdc tinh ty 1& séng cho mot chu ky chinh vi
vay L thuong dugce cho la 1. Mit khac nghién
clru nay bién doc 1ap X bao gém céc bién chi
tiéu kich thudc, chét luong cay rimg va chi sb
canh tranh. Cu thé
BX=a+b x SIZE + ¢ x
COMP+dxQUAL+exGROUP

Két hop cac thanh phan cong thuc (2) dugc
viét day du la:

- 1 @)
N 1+ ea + b x SIZE + ¢ x COMP+dxQUAL+exGROUP

Va xéc suét cay bi chét P,=1-P,.

Dé danh gia 6 phu hop téng quat cia mé hinh
(4), tac gia dung duong cong ROC va gia tri
ctia phan dién tich bén dudi cac duong cong ty
1€ (Areas Under Curves - AUC) nhu mét thong
s6 dinh luong dé kiém chirng mac do chinh
xac cua mo hinh.

Tac gid st dung ham glm trong R (R Core
Team, 2019) véi log-link function va phan b
gamma (gamma distribution) dé wéc lugng
cac tham s6 cta md hinh (1), véi logit-link
function dé thuc thi mé hinh (4) (Tenzin et
al., 2017).

III. KET QUA VA THAO LUAN

3.1. Phin nhém loai theo dic trung sinh
trudéng

Két qua phan tich nhoém loai cdy theo dic
trung sinh truong vé dudng kinh cho thay khu
vuc nghién ctu ¢6 80 loai cdy dugc chia thanh
2 nhém: nhom 1 gém 72 loai, nhém 2 gdom 8
loai (bang 1). Trong céc trang thai rung nghién
ctru nhom 1 13 cay gd kich thuéc nho dén gb
16m, téc d6 sinh truong chdm, nhom 2 bao gém
nhitng loai cdy gb 16n, ting tan trén va sinh
truéng nhanh. Cac dic trung diéu tra cho timg
nhém & trang thai rung giau va rung trung
binh duogc thé hién & bang 2.

Bang 1. Két qua phan nhom loai theo phan tich nhom céc trang thai rimg nghién ciru

TT | Tén Viét Nam ‘ Tén khoa hoc TT | Tén Viét Nam Tén khoa hoc
Nhom 1 42 |Nhoc la nhd Polyalthia cerasoides Roxb.
1 |Béng lang Lagerstroemia speciosa (L.) Pers.| 43 |Qué rirng Cinnamomum iners Reinw.
2 |Binhlinh Vitex spp. 44 | Cho nhai Anogeissus acuminata DC.
3 |Bdan Colona auriculata (Desf.) Craib 45 | Roi mat Garcinia ferrea Pierre.
4 |Boi l&i Litsea spp. 46 |Sam Memecylon edule Roxb.
5 |Bwa Garcinia spp. 47 | Sang den Diospyros venosa Wall.
6 |Bui llex confertiflora Merr. 48 |Sang ma Carallia brachiata Lour.
7 |Buwd&ibung Macclurodendron oligophlebia 49 | Sang may Sageraea elliptica A. DC.
8 |Ca dubi Cryptocarya obovata 50 |Sang tréng Lophopetalum duperreanum
9 |[Cam Parinari annamensis Hance. 51 |Séu Dracuntomelon duperreanum
10 |[Camthj Diospyros maritima BlI. 52 |Sénmu Shorea roxburghii G.Don
11 | Cap gai nhd Capparis micrantha DC. 53 |Séba Dillenia indica L.
12 | Chua khet Glenniea philippinensis Radlk. 54 |Son rirng Rhus succedana L.
13 |Co ke Grewia tomentosa Roxb. 55 |Séng ran Albizia procera Roxb.
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TT | Tén Viét Nam Tén khoa hoc TT | Tén Viét Nam Tén khoa hoc
14 |Cocrao Jatropha curcas L. 56 |Sung Ficus racemosa L.
15 |Cobc rirng Spondias pinnata Koenig & L.f. 57 | Tainghé Aporusa ficifolia H. Baillon.
16 |Cong Calophyllum spp. 58 |Thanh nganh Cratoxylon formosum Jack.
17 |Cu dén Delpy | Croton delpyi Gagn. 59 | Thanh thét Ailanthus malabarica D.C
18 |Cuébng vang Gonocaryum lobbianum 60 | Thijreng Diospyros rubra Lec.
19 |Paiphong t® |Hydnocarpus anthelmintica 61 | Tram Syzygium spp.
20 |Dauda Baccaurea ramiflora Lour. 62 | Tram vd do Syzygium zeylanicum L.
21 |DA&u rai Dipterocarpus alatus Roxb. 63 |Trwong Nephelium spp.
22 |Dé Castanopsis spp. 64 | T vi Lagerstroemia indica L.
23 |Gao Adina polycephala Benth 65 |Vang nghé Garcinia gaudichaudii Planch.
24 | Goi Aglaia spp. 66 |Vang nhwa Garcinia vilersiana Pierre
25 |Gon rirng Bombax ceiba 67 |Vang trirng Endospermum chinense Benth.
26 |Huynh dang Dysoxylum loureirii Pierre. 68 |Vaybc Dalbergia stipulacea Roxb.
27 |Huynh nwong | Ternstroemia penangiana 69 |Vénvén Anisoptera costata Korth.
28 |Pa Ficus spp. 70 |Xoai rirng Mangifera minutifolia Evr.
29 |Lautau Vatica spp. 71 | Xwong ca Canthium dicoccum Gaertn
30 |Léc virng Barringtonia acutangula 72 | Cho chai Shorea thorelii Pierre
31 |Long mang Pterospermum sp. Nhém 2
32 |Ly Syzygium jambos 1 |Céay Irvingia malayana Oliv.
33 |Ma tién Strychnos nux-vomica 2 |Chiéu lieu nghé | Terminalia triptera Stapf.
34 | Mai Ochna integerrima Lour. 3 |Dainguwa Swietenia mahogani L
35 |Mau cho Knema pierrei Warb. 4 |DAu rai Dipterocarpus alatus Roxb.
36 |Mitnai Artocarpus asperula Gagnep 5 |Cém bdng Nai Elaeocarpus tectorius Lour.
37 |Mitrieng Artocarpus chaplasha Roxb. 6 |Sautia Sandoricum koetjape Burm.
38 |Mo cua Alstonia scholaris 7 |Lim xet Peltophorum pterocarpum DC.
39 |Nhan rirng Nephelium spp. 8 |Khao Machilus spp.
40 |Nho ndi Diospyros apiculata Hieron.
41 | Nhoc Polyalthia spp.

Bang 2. Chi tiéu diéu tra cac nhom loai cAy & trang thai rimg gidu va trung binh

. . Rtrng trung binh Rtrng giau
Chi tiéu dieu tra
Nhom 1 Nhom 2 Nhom 1 Nhom 2

DBH (cm) 13,19+7,92 33,6+19,21 13,1£7,73 29,14+17,34
(6,05-65,89) (6,30-79,58) (6,05-56,66) (6,37-71,78)

H (m) 11,59+3,31 17,44+4,32 13,35+5,01 19,7446,75

(2,1-21,58) (8,09-23,4) (2,5-34,00) (7,2-33,5)

CrD (m) 1,96+ 0,55 3,34+1,29 1,23+039 2,20+0,86
(0,7-5,51) (1,49-6,43) (0,75-3,38) (0,89-4,13)

ZD (cm) 1,01+1,32 3,55+2,54 0,94+1,10 2,18+2,10
(0,01-10,85) (0,34-8,08) (0,01-7,83) (0,02-7,70)

HegyiD 6,17+3,64 2,80+2,60 7,39+3,94 4,09+3,84
(0,66-22,64) (0,32-11,64) (1,05-21,74) (0,65-17,42)

HegyiCr 5,00£2,05 3,24+1,67 6,03+2,26 4,08+2,42
(0,75-19,96) (0,56-7,2) (1,51-16,49) (1,1-10,57)

Ghi chii: Gia trj trung binh + Sai s6 (gié tri nho nhét - gia tri 16n nhét).
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buong kinh 16n nhét loai dat duoc trong chu
ky nghién ctru & mdi nhom loai twong ddi
dong déu, cu thé: nhém 1 1a 65,89 (cm) va
56,66 (cm), nhom 2 la 79,58 (cm) va 71,78
(cm) theo thir ty cho 2 trang thai giau va trung
binh. Gia tri binh quéan vé duong kinh ngang
nguc, dudng kinh tan, chiéu cao vat ngon va
tang truéng duong kinh chu ky 5 ndm cua
nhom 2 cao hon nhom 1 & ca 2 trang thai riung.
Cu thé, luong ting truong thudng xuyén dinh
ky nhom 2 cao gip 2-3 lan nhom 1. Nguoc lai,
chi s6 canh tranh HegyiD va HegyiCr ¢ nhém
1 ¢6 xu thé cao hon nhom 2 khoang 1,5 lan.
Tir két qua cho thdy, nhom 2 bao gdm nhiing
loai cay c6 kich thudc than va tan 16n, sinh
truong nhanh & vi tri thuan 191 it bi canh tranh
khong gian dinh dudng, chiém linh wu thé sinh
thai trong quan xa.

3.2. M6 hinh ting truémg dwong kinh

Mdi quan hé giita mot sé nhan t diéu tra voi
tang truong duong kinh thé hién & hinh 2. Két
qua cta phuong trinh hdi quy cho ting trang
thai rimg cho thdy ting truong duong kinh cay
c4 thé c6 thé duge du doan tir kich thudce than
cay (DBH, DBH?), pham chit va nhom loai
cdy (bang 3). Cu thé, hé s6 twong quan R? bién
dong tu 0,36-0,41, diéu d6 co nghia la 36 -
41% bién dong cua ZD duogc giai thich qua cac
bién du doan. Két qua nay twong ddng véi
nghién ctru ctia Nguyén Thi Thu Hién (2015)
khi xac dinh phuong trinh dy bao ZD ¢ ring
tu nhién 14 rong thudng xanh & mién bic nudc
ta vi R? giao dong 0,19-0,43. Nhung thap hon
két qua nghién ctru cta Tan (2010) khi lap mo
hinh ZD ring khop ¢ Tay Nguyén véi R* dao
dong 0,48 - 0,54. Qua cac két qua nghién ciu
cho thay, so véi ddi tugng ring thuan loai déu
tudi thi mo hinh ZD cho dbi twong rimg tu
nhién hdn loai hé s6 trong quan thap hon, boi
su bién dong 16n giira cac loai va giira cac ca
thé do diéu kién méi trudng gy nén.

Két qua ciia mo hinh hdi quy con chi ra rang
tang truong va kich thudce cay rung c6 quan hé
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chat ch& (hinh 2). Cu thé, vdi su ting 1én cia
DBH thi tang truéng duong kinh tang theo va
dat cuc dai & cdp DBH =60 (cm) ddi v6i trang
thai rung trung binh va DBH= 40 (cm) tai
trang thai ring giau va sau do tang trudng
giam dan va tién vé 0 khi DBH dat 80-100
(cm). Két qua nay dong nhit voi nghién ciru
clia mot s6 tac gia trong nudc nhur Nguyén Thi
Thu Hién (2015) khi xac dinh mé hinh ting
truong cho mot s6 nhom loai cay tai khu vuc
mién Bic ¢ nudc ta cho théy tang trudng
duong kinh cua cdy tang dan theo d6 1on cia
than (DBH) dat cuc dai tai DBH = 30-70 (cm)
tiy thudc vao timg nhom loai, sau d6 giam dan
va tiém can v6i 0 khi dat kich thuéc DBH =
100 (cm). Twong tu trén thé gidi, ddi voi ring
ty nhién 14 rdng & Bhutan, Tenzin va déng tac
gia (2017) cho thdy ZD dat cuc dai khi DBH
dat 55 dén 70 (cm). Két qua cia nghién ciu
phu hgp voi quy luat sinh truéng cla cay rung,
mdi loai ciy c6 mot tudi thanh thuc nhat dinh,
& giai doan cdy con non trude tudi thanh thuc
thi cdy ting trudng nhanh va vuot qua tudi
thanh thyc cay sinh truéng cham dan lai va
tiém can vé 0 khi cay dat kich thudc t6i da
(Adame et al., 2014).

T phuong trinh ting trudéng cua duong kinh
mdi trang thai rimg cho thiy, ting truong cia
rung trung binh, ZD cuc dai tai 7 (cm) cao hon
so voi trang thai rung giau, ZD cyc dai ¢ 4
(cm) (hinh 03). Mat khac, tang trudng cua
nhom loai cdy 2 cao hon nhém loai cay 1 lan
luot 1a 2,42 1an va 1,69 lan & trang thai ring
trung binh va rung giau. M6 phdng mo hinh
tang truong duong kinh & cap do cay ca thé
dbi voi rimg mua nhiét d6i 1a mot nhiém vy rat
kho khin do c6 qua nhiéu nhan t6 anh hudng
dén qua trinh sinh truong ciing nhu thiéu dir
lidu vé dbi tuong nghién ciru (Gourlet-Fleury&
Houllier, 2000 ). Két qua nghién ctru cho thay
toc d6 tang truong dudng kinh & cac nhom loai
1a khac nhau, n6 khiang dinh lai luan diém ring
bién dong gitta cac loai trong téc do sinh
truong duong kinh 13 mot trong nhitng nhan t6
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quan trong dé phan nhom loai chuic ning
(Baker et al., 2003).

Ngoai yéu t6 loai va tudi cdy , ting trudng cay
rimg con chiu anh huéng boi pham chat cua
cdy, nhitng cdy phdm chét tdt tan thuong c6 bé
mat dién tich tiép xuc voi anh sang 16n, can
d6i do vay loi thé trong viéc hap thu anh sang
va chiém linh khong gian dinh dudng cho quéa
trinh quang hop, thuc ddy qui trinh sinh
truong (Ohno et al., 2009). Két qua tai bang 2
cho thiy, pham chit cdy anh hudng t6i ting

trudong duong kinh o rét, tai trang thai rung
trung binh, so v&i cdy pham chat loai a thi loai
b va ¢ giam lan luot 1a 14,79% va 27,26% ,
hon thé nita sy sai khac giita cac phdm chét
cdy la ¢6 y nghia vé mit thong ké (P<0,05). O
trang thai rimg giau, so v&i cy pham chét a thi
tang trudng ctia ciy pham chat ¢ giam 24,57%
va su khac biét c6 y nghia vé mat thong ké
(P<0,05), nguoc lai phém chit loai b giam
1,33% nhung su sai khac gitrta ching 1a khong
c6 y nghia.

Bang 3. Udc lugng cac tham s mé hinh ting truong dudng kinh, cac tham sé ton tai
0 muc y nghia a<0,05 va VIF<10.

B Rtrng trung binh Rirng giau
Tham so - < — — <
Hé so Sai tiéu chuan Hé so Sai tiéu chuan

Héng sb a -1,4719939 0,1623158 -2,2567882 0,162116
DBH b1 0,0827052 0,0135479 0,1694024 0,0135563
DBH? b2 -0,0006672 0,0002327 -0,0023153 0,0002546
Pham chét: trung binh d1 -0,1600573 0,109216 -0,0134209 ™ 0,1045775
Pha&m chéat: x4u d2 -0,3183041 0,1620743 -0,2819526 0,1423986
Nhém: Nhém 2 el 0,8849223 0,2789867 0,5253698 0,1879601
Fit statistics
N 406 489
R? 0,36 0,41
AlC 380,2 505,84
RMSE 0,7875 0,8625

™. Hé s6 khéng ton tai ¢ mirc a<0,05.

Rirng trung binh
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Hinh 2. Mdi quan hé giira ting truong duong kinh (ZD) va mot s6 nhén t6 diéu tra
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Rung trung binh - Nhom loai cay 1 Rung trung binh- Nhom loai cay 2
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Hinh 4. Biéu dd phén tan giira cac gia tri phan du chuan hoa va gia tri ZD du doan

Mit khac, dd thi phan tan giita cac phan du cho thdy cac gia trj phan du phén tan ngiu
chuan héa va gi tri du doan ZD gitip kiém tra  nhién trong mot ving giéi han -2 dén 2 xung
gia dinh dir li€u hién tai c6 vi pham gia dinh quanh dudng hoanh d9 0, cho nén gid dinh
lién hé tuyén tinh hay khong (hinh 4). D6 thi  quan hé tuyén tinh duoc chip nhan.
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3.3. M6 hinh qua trinh ciy chét

Ty 1& cay chét thuong xuyén hang nim & rimg
ty nhién bién dong tir 1-5% (Nguyén Thi Thu
Hién, 2015). Tuong tu, két qua cua nghién ciru
nay cho thdy, ty 1& sé cdy chét trong chu ky
didu tra 2013-2018 1a 15,67% (3,13%/nam) &
10,94%
(2,19%/nam) & trang thai rung giau (bang 4).

trang thai rung trung binh va
Mait khac, ty 1€ chét c¢6 su khac nhau 1o rét
giita cac cap chét lugng cay ring (P<0,05). Cu
thé, ty 18 chét ting dan tir cAp a dén cép c véi
ty 1& chét & cap c gip 2,7 1an cap a & ca 2 trang
thai rimg nghién ciru. Nhimng cdy pham chat
kém thé hién théng qua hinh thai bén ngoai
nhu than, tan khong can ddi va bi ton thuong,
dan dén kha nang c¢b dinh carbon bi suy giam,
hiéu suat quang hop thap, din dén cay sinh
truéng cham hodc bi chét (Manion, 1981).
Renaud va Mauffette (1991) thong qua nghién
ctru chi ra ring tan 14 bi ton thuong lam giam
ham luong duong trong cay dan dén giam stc
song & loai cdy Phong (Acer saccharum). Do
vay, pham chit cay thuong dugc st dung trong
cac nghién cuu vé mé hinh ty 1& séng chét
(Tominaga et al., 2008; Ohno et al., 2009).

Két qua lya chon cac bién sb trong md hinh
Logistic du doan xac suat cdy chét dugc thé
hién & bang 5. O trang thai rimg trung binh,
mé hinh xé4c suit ciy chét bao gdbm bién pham
chét ciy va chi s6 canh tranh tan ciy (HegyiCr).

Xac sudt cdy bi chét ty 18 nghich véi chi sb
HegyiCr, cu thé ty 1& chét giam 65% khi chi s6
HegyiCr ting 5 lan. D6i voi trang thai ring
gidu, mo hinh du doan ty 1& chét bao gom bién
phém chit va kich thuéc cdy DBH va DBH?.
Trong mé hinh bién DBH mang hé s6 duong,
bién DBH? mang hé s6 am diéu d6 chimg to
dudng cong mo hinh cay bi chét co hinh dang
chir U, giai doan ban dau cdy con non ty 18
chét thuong cao, khi dén giai doan 1am phan
on dinh thi ty 1& chét tu nhién giam dan. Tuy
nhién sau mdt thoi gian nhét dinh, cay bt dau
gia cdi kha ning quan hop suy giam, dién tich
bé mit 1a giam, ting ho hap dan dén cdy suy
giam stc dé khang, d& bi con trung va cac loai
bénh tin cong, do d6 ty 1& chét ting lén
(Strimbu et al.,2017).

Gia tri cta phan dién tich bén dudi cac duong
cong ty 1¢ (Areas Under Curves - AUC) dugc
st dung nhu mot thong s6 dinh luong dé kiém
chung d¢ phu hgp cia md hinh du bao. Gia tri
AUC thay d6i tir 0,5~1. Theo Yilmaz (2009),
quan hé giita AUC va chét luong mo hinh ¢
thé phan chia nhu sau: AUC = 0,5~0,6: kém;
AUC = 0,6~0,7: trung binh; AUC = 0,7~0,8:
tot; AUC = 0,8~0,9: rat tot; AUC = 0,9~0,1:
xuat sic. Két qua tinh toan cho gia tri AUC
thu¢c khoang 0,6~0,7 nén mo6 hinh du doan
xéc sudt cay bi chét cho ca 2 trang thai rimg co
d6 chinh xac trung binh (hinh 5).

Bang 4. Thong ké ty 1& sdng chét & cac trang thai rimg nghién ciru

R . Rirng trung binh Rirng giau
Pham chat - - - " . .
Chét séng Ty 1& chét (%) Chét Séng Ty 18 chét (%)
a 29 253 10,28 21 250 7,75
b 48 238 16,78 35 357 8,93
c 28 74 27,45 35 134 20,71
Téng 105 565 15,67 91 741 10,94
Tiéu chudn y? v?=12,02; p tinh = 0,0025 v?=15,89; p tinh = 0,0004
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Bang 5. U6c luong cac tham sé ctia mo hinh xac suét cy chét theo ham Logistic

Tham sé R'Emg trung binh i ’ Rirng giau i
Hé so Sai tiéu chuan Hé so Sai tiéu chuan
Hang sb -1,28242 0,34125 -3,69814 0,52061
Pham chét b 0,71038 0,25846 0,51568 0,34791
Pham chét ¢ 1,299 0,30552 1,52136 0,36966
HegyiCr -0,2137 0,06781
DBH 0,0639 0,0435
DBH? -0,001 0,00089
Banh gida mirc d phu hgp ciia mé hinh AIC=555,19; AUC=0,67 AIC=472,9; AUC=0,68

Rirng trung binh Rirng giau
a o
L © | L @
g 2 B 2
2 3 2 g
Z < e
a I 4 AUC=0.67 a8 2+ AUC=0.68
2 o S o
= o 7 = o7
o | o |
< | \ | | | © 5 T T T T |
0.0 0.2 04 06 0.8 1.0 0.0 0.2 0.4 06 0.8 1.0
False positive rate False positive rate
Hinh 5. Puong cong ROC
IV. KET LUAN nhién bang ham Logistic va cho két qua kha

Mo hinh héa quy luat ting truong va chét tu
nhién cua cdy rung la mét linh vyc nghién
ctru chua duoc thyc hién day du, dic biét d6i
voi rung ty nhién ndi chung va ring mua
nhi¢t déi & Viét Nam noi riéng. Sau khi phan
chia cac cdy trong cac 6 tiéu chuan thanh 2
nhom loai cdy dua vao dic trung sinh trudng,
nghién cuu da mo6 phong tang truong 5 nam
vé duong kinh cia tig ciy riéng 1é (ZD) véi
cac bién dy bao 13 d6 16n than (DBH) va chét
lugng ciy véi hé sd twong quan (R) ciia md
hinh tir 0,6-0,64. Két qua ctia md hinh cho
thay, ban dau ZD ting theo tudi cua ciy riung,
va sau khi dat gia tri cuc dai ZD c6 xu hudng
giam khi duong kinh ting lén (tudi ting) va
tiém can 0 khi duong kinh dat muc toi da.
Ngoai ra, nghién ctru da thir nghiém xay dung
mé hinh uéc luong xac sudt cdy bi chét tu
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quan véi AUC trong khoang tir 0,6-0,7. Trong
d6, cac nhan td ¢6 mdi quan hé chat voi xéc
sudt chét bao gdm: duong kinh ngang nguc va
chi s6 canh tranh tan Hegyi. Ngoai ra, duong
cong md hinh xac suét cdy chét ty nhién co
chiéu huéng bién ddi theo tudi ciy rimg, giai
doan ban dau cdy con non xic sudt chét
thuong cao, khi dén giai doan 1am phan 6n
dinh thi x4c suat chét ty nhién giam dan. Tuy
nhién sau mét thoi gian nhat dinh, cay bt dau
gia din dén xé4c suat cay chét lai tang 1én. M6
hinh cdy chét va ting truong duong kinh 1a
mot trong nhitng bd phan cua moé hinh sinh
truéng. M6 phong qua trinh sinh truong cé y
nghi quan trong trong du bao san lugng va
ciu trac 1am phan, tir d6 giup ich cho viéc xdy
dung nhiing bién phap lam sinh va quan ly
rung phu hop.
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