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TOM TAT

Nghién ctru nham thiét 14p hé théng mé hinh
dé ude tinh sinh khéi va lugng cac bon tich lay cac
b6 phan than céy gd trén va dudi mat dat (than,
canh, vo, la va ré) cta rimng 14 rong thuong xanh
ving Tay Nguyén, lam co s& dé do tinh va gidm
sat su thay doi ctia cac bé chira cac bon trén dudi
mat dat cia cdy g khi tham gia chuong trinh
gidm thiéu khi phat thai tir suy thoai va mét rimng
(REDD+).

Nghién ctru dua trén 20 6 mau (2000m#/6 ) &
cac trang thai riung khéc nhau, véi 362 cay giai
tich phan bb ty 1é theo sb cay & cac cp kinh dé
do tinh sinh khéi tuoi, phan tich sinh khéi kho
va lugng céc bon trong cac b phan céy ring.
ba lua chon va thiét lap cac ham udce tinh sinh
khéi va céc bon tich liy trong 5 bo phén cay riing
(than g, canh, 14, v va ré). Két qua cho thay: i)
Ham udc tinh sinh khéi céc bo phén cay trén mat
dét (AGB) theo mét bién sé dudng kinh (DBH) ¢
bién dong trung binh S% = 27.9%; véi ba bién
s6 DBH, chiéu cao (H) va khéi lugng thé tich gb
(WD) ¢6 S% = 20.3%; va néu bd sung thém bién
sb dién tich tan 14 (Ca) sé mang lai d6 tin cdy cao
nhét trong udc lugng AGB v6i S%=14.1%; céc
ham nay c6 bién dong thap hon nhidu so véi cac
ham do Brown (2001) 1ap v6i S% = 43 — 107% va
Chave (2005) vai S% = 52 ~ 94% khi 1ap chung

! B mon Qudn ly Tai Nguyén Rimg va Moi truong
(FREM), truomg Dai hoc Tay Nguyén.

cho rimg nhiét déi 4m, cho thiy sur can thiét 1ap
mo hinh cho ting vung sinh thai & Viét Nam dé
dat do tin cay cao hon; ii) Tuong ty nhu mé hinh
udc tinh AGB, md hinh udc tinh carbon cta tat ca
cac bo phan trén mat dat (C(AGB)) ¢6 bién dong
thap nhét vai 4 bién sb DBH, H, WD va Ca véi S%
= 13.2%; iii) Trong cac mé hinh uéc tinh AGB va
C(AGB), khi dua thém bién Ca vao sé giam bién
dong S% ro6 rét vi né phan anh dugc su da dang
tan canh 14 clda céc loai khac nhau trong ring
nhiét d6i; iv) M6 hinh udc tinh sinh khéi ré (BGB)
tét nhit 1a theo hai bién sb DBH va WD véi S%
= 33.8% va carbon trong ré cay C(BGB) theo ba
bién s6 DBH, H va WD véi S% = 46.6%; va S%
kha cao cho thfxy su khac biét 1dn vé sinh khéi ré
cua cac loai.

Tit khéa: M6 hinh sinh tric (allometric equa-
tion), sinh khéi rimg, céc bon rung, rung la rong
thuong xanh, Tay Nguyén Viét Nam.

1. D3t van dé

Vén dé udc tinh duge sinh khéi, trir luong cac
bon rung luu gitr va lugng CO, hép thu hodc phéat
thai trong qué trinh quan ly rimg dé tham gia
chuong trinh REDD+ (Reducing Emissions from
Deforestation and Forest Degradation: Giam phat
thai tir suy thoai va méat rimg két hgp véi bao tdn,
quan Iy bén vitng ring va ting cuong trir lugng
céc bon riing & cac nude dang phat trién) & Viét
Nam Ia mot nhu cau cﬁp thiét, nham cung cfxp
théng tin dir liéu dang tin cdy theo yéu ciu cla
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IPCC (20086) (Intergovernmental Panel on Climate
Change: Co quan lién chinh phii vé bién déi khi
héu), tir d6 dé c6 thé xac dinh tin chi céc bon rung
trong gidm phat thai va thu dugc ngudn tai chinh
tir dich vu méi trudng hap thu CO, tu rung.

Dé udc tinh sinh khéi clia céy rimg phan trén
mat dit (AGB) cho mét sb kiéu rimg nhiét ddéi,
phuong phap giai tich cay (destructive sampling)
va lap mod hinh udc tinh sinh khéi (allometric
equations) da dugc thuc hién bdi Brown (1997
- 2001), MacDicken (1997), Chave va cOng sy
(2004, 2005), Pearson (2007), Basuki va cong su
(2009), Henry va cong su (2010), Dietz va cOng
su (2011), Johannes va cong su (2011). Tuy nhién
sb liéu cay giai tich con {t trén ving nhiét déi
rong 1én toan clu, chua cé dir liéu dai dién cho
rung nhiét déi Viéet Nam, chua duge déanh gia
sai sb va do tin cdy, do vay chua thé tng dung
& Viét Nam. Pdng thoi chi méi dimg lai & sinh
khéi, luong céc bon tich Ity méi chi duoc uée tinh
théng qua hé sb chuyén déi CF (Carbon Fraction)
cua IPCC (2006).

Trong khuén khé dé tai cdp bo trong diém,
thuc hién trong hai nam 2010 - 2012, véi muc
tiéu thiét 1ap duge mot hé théng mé hinh va céng
nghé nham xéac dinh lugng CO2 hép thy trong
céc trang thai clia kiéu rimg la rong thuong xanh
viing Tay Nguyén dé cung cp thong tin, co sé dir
lidu va phuong phap giam sat su thay ddi cua céc
bé chira cac bon trong hé sinh thai riing, lam co
s¢ tham gia chuong trinh giam thiéu khi phét thai
tlr suy thodi va méat rimng. Bai viét trinh bay két
qua thiét lap cdc mo hinh ude tinh sinh khbi va
cac bon tich lay trong céc bd phan cay gb trén va
dudi mat dat clia cay rung 14 rong thudong xanh
vung Tay Nguyén Viét Nam.

2. D0i tugng, phuang phap va vat liéu nghién cifu

a. Dor tugng:

Khu rimg nghién ctru nam trong khu vyc phan
bb dai dién cia rung la réng thuong xanh & 3 tinh
Tay Nguyén 1a Gia Lai, Dak Lik va Bak Néng. O
Gia Lai thudc huyén K’'Bang, tinh Bak Lak thudc
hai huyén Kréng Béng va M'Prék va & tinh Dak
No6ng thudc huyén Tuy Buc.

bébi tuong: Sinh khéi va céc bon céy ring: Bao
gbdm trong 5 bd phan la than, canh, 14, vd va ré;
kiéu rimg la réng thuong xanh bao gbm céc trang
thai ring giau, trung binh, ngheo va non.

b. Phuong phap thu thap so liéu:
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O mau duge thiét 1ap theo phuong phéap dai
dién cho céc trang thai rimg (ICRAF, 2007). O
mau c6 kich thude 20 x 100m, trung binh 5 6 cho
méi trang thai: (gidu, trung binh, ngheo va non).
Trong méi 6 miu 2000m?, tién hanh &p dung
phuong gidi tich than cay theo clp kinh, véi cu
ly cdp kinh la 10cm, bat dau véi DBH = 5cm va
cp kinh 16n nhat véi DBH > 75cm. Méi cp kinh
giai tich trung binh 3 céy, cay giai tich dugc lya
chon 1a loai phé bién, uu thé trong 1am phan va
rai trong ba chp khéi lugng thé tich gé la cimg,
trung binh va mém duge xac dinh nhanh & thuc
dia. Téng sb cay giai tich duge tach ra theo nhém
nhan tb do tinh nhu sau: S6 cdy giai tich do tinh
sinh khéi 4 bd phan céy trén mat dAt (thén, canh,
14, vo) 1a 219 céy; sb cay gidi tich do tinh sinh khoi
ré dudi mat dat 1a 143 céy; tong sb cay giai tich dé
do tinh sinh khdi va léy mau 5 b6 phan than cay
trén va dudi mat 14t 14 362 cay.

Po tinh cac chi tidu va sinh khbi trén cay giai
tich bao gém: Do céy ding: Loai, dudng kinh
ngang nguc (DBH), chiéu cao (H), dudng kinh tan
(Dt); do céy nga: Tudi cy (A), chiéu dai (L); can do
sinh khéi tuoi 5 b phan than cay: Phan chia cdy
lam 5 bd phén than, vo, canh, 14 va ré; tién hanh
can khéi luong tuoi timg bb phéan.

Liy mau sinh khéi 5 bd phén ctia cay giai tich:
Mbi mau la 100g dugc can biang can dién tir: i) S6
méu 4 bd phan cay trén-mat dat (than, canh, la
va vé): 219 céy x 4 bd phan x 3 mau/bd phan (moi
bd phan & 3 vi tri, hodc cap kich thudc) = 2.628
mAu; ii) S6 mau ré: 143 cay x 3 mau (J 3 chp ré
to, trung binh va nhd) = 429 mau. Téng s6 mau
ctia 5 b phan cdy giai tich 1a 3.058 méiu dé phan
tich sinh khéi khé va ham lugng carbon.

c. Phan tich sinh khoi kho va ham lugng cdc bon
trong thuc vdt:

MAau cac bd phan thuc vat sau khi thu thap
duoc phan tich trong phong thi nghiém dé xéc

-dinh sinh khéi kho (biomass) ham lugng céc bon.

Phan tich x4c dinh sinh khéi kh6 cac bo phan
thuc vat: Mau duge ché nho va sdy khé & nhiét
105°C, dén khi mAu khé hoan toan, cé khbi luong
khéng di nita (it nhat 1a 48 gid va mau duoc ché
nho). Tir déy tinh dugc ty 1é gitra khéi lugng kho/
khéi lugng tuoi ctia timng bd phan than.

Phan tich xac dinh ham lugng cac bon trong
cac bo phan thyc vat: Sau khi séy kho, phéan tich
ham lugng cac bon trong ting b phan dya trén
cd s& oxy hod chit hitu co bing K,Cr,0, (Kali bi-



cromat) theo phuong phap Walkley — Black; xéc
dinh lugng céc bon bang phuong phap so mau
xanh ctia Cr’* tao thanh (K,Cr,0,) tai budc séng
625nm. T déy tinh duoc ty 1é %C trong sinh khoi
kho cta timg bo phén va trong dat. Tir lugng car-
bon, suy dugc lugng CO, tuong duong hép thu:
GO, = 3.670;

d. Tinh todn cdc bién so trong mé hinh woc tinh sinh
khoi, cdc bon:

Dién tich tan 14 cua cay Ca (m?) = .Dt%/4,
trong d6 Dt: Budng kinh téan, m.

Khéi lugng thé tich gb (WD, g/cm?®): Mau g6 &
5 vi trf phén doan ctia cay dugc léy xuyén tam, do
thé tich tuci (V(cm®) bing éng do nudc vach dén
ml (cm?®), sau khi séy méau xac dinh khéi lugng
khé m(g), khdi lugng thé tich gb duge tinh: WD
= m/V (g/cm?), sau d6 dugc lay trung binh tir 5
phén doan cho timng céy giai tich.

Sinh khéi kho cta ting bd phan va cay = Sinh
khéi tuoi x ty 16 khé/tuoi. Cac bon cla timg bé
phan va cay = Sinh khéi kho x % C tich lay.

e. Thiét ké mé hinh sinh trdc dé woc tinh sinh khéi,
cac bon cua cay rimg:

M6 hinh toan sinh tréc duge thiét 1ap cho cy
ca 1é dé ude tinh sinh khéi va cac bon cay ring.
M6 hinh duge thyuc hién theo hai phuong phéap
chinh: i) M6 hinh tuyén tinh mot dén nhiéu bién,
t6 hop bién, hodc phi tuyén dugc déi bién sb vé
tuyén tinh, st dung phuong phap uéc luogng binh
phuong téi thiéu; i) M6 hinh dang phi tuyén mot
dén nhidu bién, t6 hop bién, sir dung phuong
phap Marquardt. Cac mé hinh dugc xir Iy phéi hop
trong phan mém théng ké Excel va Statgraphics
Centurion.

Viéc lya chon bién s6 tham gia mé hinh va
mo hinh t6i wu c6 sai sb ude lugng bé nhét va sai
khac thap nhit so véi thuc té 1a rdt quan trong
trong xay dung mo hinh allometric equations, do
d6 phuong phéap dé iya chon bién tham gia vao
mo hinh va ham duge xay dung theo céc tiéu chi
théng ké sau:

Hé sb tuong quan, quan hé, xac dinh R% Vé
téng quét thi ham t6t nhat khi R? dat max va ton
tai & muc sai P < 0.05. Tuy nhién c¢é truémg hgp
R? dat max nhung chua phéi 1a ham phit hgp nhét,
do vay can dua thém cac chi tiéu théng ké khac.

Tiéu chudn t kiém tra su ton tai ctia cac tham
s6 ctia mé hinh: Véi giai thuyét Ho: bi = 0, gia
thuyét bi bac bé khi P < 0.05; ¢6 nghia la cac
tham s6 ton tai va khac 0 r6 rét. Chi tiéu nay chi
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ap dung cho ham da bién.

Nhéan tb quan hé (CF - Correction factor): CF =
exp(RSE?/2), CF ludn Ién hon 1. Trong d6 RSE (Re-
sidual standard error) 1a sai tiéu chuin cta phén
du. Khi RSE cang lén thi CF cang 16n, c6 nghia mo
hinh cang c¢6 d tin cay thip. Mé hinh tét khi CF
cang tién dan dén 1. Str dung tiéu chudn nay yéu
cau bién y clia cac ham phai ddng nhét (Chave et
al., 2005).

Tiéu chudn Mallow’ Cp: Dung dé lya chon sé
bién sé tham gia mé hinh tét nhét trong truong
hop cé nhiéu bién chua ré anh hudng dén y. Chi
s6 Cp cang gan véi sé bién s6 p thi mé hinh cang
pht hop; dua vao day dé xac dinh s6 bién sb p
tham gia mé hinh khi cé qua nhiéu bién sb dugc
gia dinh la ¢é anh hudng dén y.

Tiéu chudn AIC (Akaike Information Criteri-
on): Khi cAn lya chon mé hinh tét nhit véi nhidu
mé hinh ¢é céc bién s6 anh huéng khac nhau,
AIC m6 hinh véi cac bién sb anh hudng 12 ham tét
nhat: AIC = n*In(RSS/n) + 2K = - In(L) + 2K.

M6 hinh tbi wu véi cac bién sb thich hop khi
gi4 tri dai s6 clia AIC 14 bé nhAt. Trong d6 n: s6
mau, RSS (the residual sums of squares) la t6ng
binh phuong phan du, K: sé tham sb ctia mé hinh
bao gom tham s6 sai s6 uéc lugng, vi du mé hinh
y = a +bx, thi K = 3. L: Likelihood ciia mé hinh
(Chave et al., 2005).

Sai léch trung binh gira gid tri udc lugng
qua md hinh véi gia tri quan sat thic té (S%):

100 , |Yilt-Yi]
S%= i Ly S

Trong dé: Yilt: Gia tri du bdo qua mé hinh; Yi:
Gi4 tri thuc quan sat, n: s6 mau quan sét. S% cho
thdy mé hinh c6 sai khac véi thuc té cao hay thip,
va mé hinh téi uu khi sai khac nay bé nhét (Chave
et al., 2005), xay dung mdé hinh céac tiéu chudn
théng ké dé lua chon bién s6 va ham téi uu.

3. Két qua va thao luan

a. Ubc tinh sinh khoi va cdc bon o ting by phan
cay:

Sinh khéi va cac bon cia cay ring nidm trong
5 bo phan bao gom than, canh, 14, vo cay va ré
cay. Nghién ctu da thiét 1ap va lya chon duge
hé théng mo hinh uéc tinh sinh khéi va céc bon
trong timg bo phan céy véi cic nhéan t6 didu tra
céy rimg cht yéu nhu DBH, H, WD, va Ca. Két
qua phan anh nang luc tich 1y céc bon ctia 5 bo
phén cay riing trong bang 1, hinh 1 (Véi: Cst: Cac
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bon trong trong gd; C(BGB): Céac bon trong ré;
Cbr: Céc bon trong canh; Cl: Cac bon trong la va
Cba: Cac bon trong vo).

DBH| Cst | CBGB)| Cbr | Q Cba | Téng C | Tong i;ﬂ
cm) \ (ki) | (vcdy) | (karedy) | (h/chy) | (kacdy) | (kacdy) | (kichy) |
N 20| 04| 04 0.1 0.2 3.0 1.0 |
15| 202| 51| 69 25 29| 466 1709]
25’ ~260| 50| 105] 1609 590.4
38 625| 67| 247| 9653| 13406
[ _as 120.3 8| 6762
55 2029 A 1,1075 | 4,
| 65| toste| 1780| 3136] 93| 1189[16717]
75| 1,4925| 251.7| 4563 | 99| 170923802

Bdng 1. Cdc bon tich lity va CO, hap thu cia 5 by
phan cay rig theo cap kinh

Cha (kg/tree)
7204

Cl (kg/tree)
Cbr (kg/tree)  0-3%

Cst (kg/tree)
62.6%

Hinh 1. Ty I¢ cdc bon tich liy trung binh trong S by
phdn cay ritng

Nhu vay céc bon tich iy cao nhét 1a trong than
chy (62.6%), tha hai la trong canh céy (19.1%),
tiép dén la trong ré cy (10.6%), trong vo 1a 7.2%,
th&p nhét la la trong la véi t{; 16 12 0.5%. Lugng
Co, cay hap thu tang theo tubi (kxch thudc DBH),
tu llkg/Cdy & chp DBH = 5cm dén 8.7 thn/cay &
cap kinh 75cm.

b. M6 hinh uéc tinh sinh khéi trén mat dét cay
rung (AGB)

HAu hét trén thé gidi déu tap trung lap mo

hinh allometric equations cho sinh khéi cay trén
mat dit cdy rimg (bao gébm 4 bo phén thén,
canh, 14 va voé — AGB) (Brown (1997), MacDicken
(1997), Henry va coéng su (2010), Dietz va cong
su (2011)), vi sinh khoi trong cay trén mat dat
chiém ty trong 16n va bién doéng do qua trinh téc
dong cia con ngudi. Vi vay cé thé xem day 1a
ham quan trong nhét trong hé théng mo hinh uéc
tinh carbon rimg. Nghién ciru da thir nghiém vai
nhlou dang ham khac nhau va vai Céc bién s6 chi
yeu la DBH, H, WD, Ca. Su dung tong hop cac
tiéu chudn théng ké dé lua chon bién sb tham
gia md hinh va lua chon ham dé tim ham t6i uu. -
Bang 2 chi ra cdc md hinh tbi uu theo tunq nhom
bién sb khac nhau dé udc tinh sinh khoi trén mat
dét clia cay rimg (AGB).

Két qua bang 2 cho thay, AGB duogc udc lugng
tét thoéng qua 3 bién sb6 DBH, H va WD, trong do6
WD phén anh du e su tich Iy smh khdi kho cta
céc loai khéc nhau Ham ¢6 hé sb6 R? cao nhét
(97.481%), CF gdn bang 1, AIC bé nhét va bién
déng gitra Iy thuyét va thuc te 12 20.3%. Ham udc
lugng AGB theo mot bién sb DBH c6 bién dong
16n nhét 1a 27.8%.

So sanh vai cac tac gia 1ap mdé hinh AGB cho
viing rimg nhiét déi néi chung nhu Brown (1997)
¢é md hinh véi S% = 43% - 107%, Chave (2005)
thi S% = 52% - 94%, Basuki va cong su (2009)
thyc hién & runq khop, S% = 26 — 30% chung
cho cac loai, két qua nghién ctru nay cho théy céac
ham lap trong bang 2 da cu thé héa cho ring 14
rong thuong xanh vung Tay Nguyén, Viét Nam,
da qlém dang ké bién dong S% gitra ly thuyét va
thuc té so vdi céc tac Jld nay.

Xéay dung so db vé quan hé AGB vdi cac bién
sb khéc nhau.

Cac md hinh cua cac tac gid duge dua ra so
sanh la:

Bing 2: Mo hinh wbc tinh sinh khdi cay rimg trén mgt dat vdi cc bién s6

T Dang ham Ham

R° mljustu:l. '

p ) F ~ 5
%) ¥ n Pbi CF AIC S%

AGB_kg = exp(-2.23927 +

1 iB =
AGB = f(DBH) 2.49506*log(DBH_cm))

95.721 0.000 161 0.000 1.06 -345.805 27 88%

log(AGB_kg) = -2.74348 +
0.693879%log(H_m*DBH_cm N2 +
0.367445"log(WD_g_cm3*DBH_cm ~ 2)

2 AGB = f(DBH, H, WD)

97.481 0.000 161 0.000 1.03 -430.129 20.34%

log(AGB_kg) = -2.9766 +
0.535797*log(DBH_cm) +
0.759321*log(H_m*DBH_cm ~ 2)

3 AGB = f(DBH, H)

06.804 0.000 161 0.046 1.04 -391.793 23.46%

log(AGB_kg) = -2.05364 +
1.96066%l0g(DBH_cm) +
0.376371*log(WD_g_cm3*DBH_cm ~ 2)

4 AGB = f(DBH, WD)

96.313 0.000 161 0.000 1.05 -368.791 24.76%

Ghi chii: AGB: Sinh khéi kho 4 bj phan cay trén mat dét, kglcay; log:

] lhmg & Woi truimg
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D6i v6i mo6 hinh mot bién sé DBH:

Ham Brown (2001) 14p cho rimg nhiét déi 4m
toan thé giéi (Moist Forest):

AGB (kg/cy) = exp(- 2.134 + 2.530 *In(DBH)),
DBH=5-148cm, n=170 cay, R*=0.97, dugc so
sanh véi ham da duge thiét lap trong nghién
ctu nay cho rung 14 réng thuong xanh vung Tay
Nguyén, Viét Nam:

AGB_kg = exp(-2.23927 + 2.49596In(DBH_
cm)), DBH=5-75¢cm, n=161, R*=0.95
Dbi véi mo6 hinh ba bién s6 DBH (D), H va WD
(v):

Ham Chave (2005) lap mo hinh cho rimg nhiét
d6i & 3 chau luc 1a Chau My, Chau A va Chau Pai
Duong:

(AGB)_ =exp(-2.977 +In(PD’H)) =0.0508 x PD’H

Pugc so sanh vdi ham da dugc thiét lap trong
nghién cru nay:

log(AGB_kg)=-2.74348 + 0.693879 * log
(H_m*DBH_cm?) +0.367445 * log(WD_g_cm® *
DBH_cm?)

Két qua so sanh ham clia hai téc gia trén véi sb
lidu AGB thuyc té & Tay Nguyén cho théy:

Két qua so sénh ham cla hai tac gia trén véi s6
liGu AGB thuc té & Tay Nguyén cho théy:

Dbi v6i ham cta Brown (2001) véi mét bién
DBH, bién dong 1én dén S% = 38.3% khi so v6i
s6 liéu Tay Nguyén, trong khi d6 mé hinh trong
dé tai nay thiét 1ap 1a S% = 27.9%; gitp lam gidm
sai s6 dén 11%.

bbi v6i ham ctia Chave (2005) véi 3 bién sé
DBH (D), H va WD (P), bién déng 1a S% = 24.3%
s0 véi s6 liéu Tay Nguyén, trong khi dé ham trong
dé tai nay dat dugc S% = 20.3%; giup giam sai
sb 4%.

Nhu vay viéc thiét 1ap cac ham udc tinh AGB
cho Tay Nguyén, Viét Nam da lam tang d tin cay
clia viéc ude lugng sinh khoi dang ké.

Tir két qua nay cho thdy, dé ude tinh chinh xac
AGB ctia cay rimg phan trén mit dat, ham 3 bién
s6 DBH, H va WD dat do tin cay cao nhit va cao
hon ham Chave (2005) 14p cho rimg nhiét déi, ké
dén 14 hai bién DBH va H. Ham udc tinh AGB véi
mét bién DBH dé tin cdy thdp hon, nhung ciing
cao hon nhiéu so véi ham chung clia riing nhiét
ddi (Brown (2001), do vay co thé ung dung trong
do tinh khi khong c6 yéu cau cao vé do tin cay
hodc chi phi thap, vi du nhu do tinh c4c bon riing
vdi su tham gia cta cong dong.

Ngoai ra dé tang d6 chinh x4c ctia mé hinh uéc

KHOA HOC CONG NGHE

tinh AGB, bién dién tich tan la (Ca, m?%cay) dugc
bé sung dé thir nghiém. Vi trong thuc té tan canh
J4 cay rAt khéc biét do didc diém hinh thai mdi
loai, trong diéu kién dia hinh khac nhau. Nhu vay
b6 sung bién s6 Ca sé mang lai do tin cdy trong
udc lugng trong khi chua thé 1ap duge mé hinh
allometric equations cho ting loai trén ting diéu
kién 1ap dia cta rung nhiét dai.

log(AGB_kg) = -2.13408 + 1.96454*log(DBH_
cm) + 0.619246%log(H_m) + 0.124205%log(Ca_
m?) + 1.03509*log(WD_g_cm?)

Vdi R%adj. = 98.693%, P<0.000, n=109, Pbi
< 0.000, CF=1.02, AIC=-378.0 va S%=14.1%

(log: logarit nepert)

Xay dung dugce so db quan hé gia tri du béo
AGB v6i quan sat va bién dong phan du (resid-
ual) ctia mo hinh 4 bién log(AGB) = f(log(DBH),
log(H), log(Ca), log(WD)).

Nhu vay udc luong AGB véi 4 bién s6 DBH,
H, WD va Ca sé cho d6 tin cay cao nhét, voi
hé sb quan hé Radj. = 98.693%, cao nhét va
S%=14.1% la thdp nhit va céac chi tiéu CF, AIC
ciing t6t nhat trong cac md hinh udc tinh AGB
v6i cac bién sb khac nhau va thdp hon rat nhiéu
s0 vGi cac mo hinh ctia Brown (2001) vdi chi mot
bién DBH va Chave (2005) véi ba bién DBH, H,
WD nhung khéng c¢é Ca. Trong thuc té st dung
mo hinh nay chi can bd sung do chinh xac dudng
kinh tén 14 cta céy & 2 — 4 hudng va tinh Ca, do
vay viéc ting bién Ca khong lam tang ngudn lue,
chi phi khi ng dung 1én qué nhiéu trong khi d6
tang duge do tin cdy ude lugng cac bon trong cay
ring & cac bd phan trén mat dat.

a. Md hinh udc tinh cac bon tich ldy trén mat
dAt clia cay ring C(AGB)

Hau hét céc tac gia trén thé gidi chi ding lai
lap mb hinh udc tinh sinh khéi kho cia cby (AGB)
ma chua phan tich va lap ham udc tinh truc tiép
céc bon tich lay; gié tri cac bon chil yéu duge suy
tur sinh khéi kho theo hé s6 0.47 ctia IPCC (2006).
Nghién ctru nay da phéan tich cac bon trong 4 bo
phén céy giai tich (than, canh, 14 va vd), tién hanh
1ap va lya chon mé hinh tbi wu véi cac bién DBH,
H, WD va Ca, két qua xem bang 3.

Két qua trong bang 3 cho thay néu chua xét
dén bién Ca, thi cac bon tich liy trong céy phan
trén mat dat c6 quan hé chat ché nhit véi 3 bién
s6 DBH, H va WD vdi hé sb R? cao nhét, cac chi
tiéu CE, AIC thAp nhéat va bién dong S% cting thap
nhét 14 16.4%. bidu nay cho thiy carbon tich Iy
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trong céy gia tang theo kich thudc cay (theo tubi)
va dac biét phu thudc vao dac diém sinh hoc loai
thong qua bién khéi luong thé tich gé WD. M6
hinh c6 mét bién DBH cé quan hé thap nhét trong
cac md hinh véi S% = 30.8%.

bic biét khi dua vao bién dién tich tan 14 céy
(Ca, m%/céy) thi mé hinh véi 4 blen DBH, H, WD
va Ca 6 céc chi s6 théng ké tbt nhét, bién dong
S% rit thAp & 13.2%; muc bién déng thap nhu
vay hau nhu ft thly & cdc md hinh trén thé glm
Pidu nay phl hop véi sinh hoc loai, trong thu(‘ é
mét céay cod cunq kich thuéc DBH, H va c6 thé c¢6
cung nhém khéi luong thé tich gé WD, nhung do
khac loai thi hmh thai sé rat khac nhau nhu tan
14, phan canh, s6 canh... do vy bién sb Ca sé cai
thién ro rét dé tin cdy cia moé hinh udc tinh cac
bon cay rimg véi su bién déng cao clia canh va
tan 14 chia cac loai khac nhau ctia rung nhiét dai.

Xay dung duge so ad vé quan he gia tri udc
tinh C(AGB) qua m6 hinh c6 bién sb khac nhau
véi gia tri quan sat.

a. M6 hinh uéc tinh sinh khéi va cac bon phén
dudi mat dat (trong ré cay rung) (BGB, B(BGB)):

Sinh khéi (BGB) va céc bon (C(BGB)) dudi mat
dht clia rimg chiém chi yéu la ré cay g6, day la
moét bé chia cac bon quan trong cla rung nhung
lai rat kho tlep can dé 1ap m6 hinh. Hau nhu réat
khé tim thdy mo hinh allometric equauons ude
tinh BGB hodc C(BGB) trén thé gidi, chl yéu si

dung hé sb chuyen déi tr sinh khoi trén mat dht
AGB sang sinh khéi dugi mét dat véi hé s6 trung
binh 12 BGB = 20%*AGB (IPCC, (2006), MacDick-
en (1997) sau dé chuyén sang céc bon cling véi
hé sb 0.47.

{-)e 1ap mé hinh udc tinh BGB vé C(BGB), dé tai
da tién hanh dao 14y ré cay theo cap kinh va phan
tich cdc bon mau ré. M6 hinh BGB va C(BGB)
dugc thir nghiém lya chon véi cac bién s6 DBH,
H, WD véi cac dang ham khéc nhau, két qua tim
duoc cac ham téi vu & cac bang 4 va 5.

Sinh khéi dudi mat dét (BGB) dugc udc lugng
t6t nhét véi ham 2 bién s6 DBH va WD, bién H to
ra khong anh huénq 16n dén hé ré cay. Ham néy
c6 cac chi tiéu thong ké tot nhat nhu R? cao nhit
(92.48%), CF gdn 1 va AIC nhé nhét, véi bién
déng so véi thuc té 12 33.8%. Bién dong cuia ham
ude tinh cua BGB 14n hon ABG cho théy su phuc
tap clia hé ré cay rung so vdi phan sinh khéi trén
miit d4t clia né. Mo hinh don glan hon dé uéc tinh
BGB theo nhén té DBH, c6 bién dong la 40.4%.

M6 hinh udc tinh céc bon tich Iy trong hé ré
cay rung (C(BGB)) dat dd tin cay cao nhét véi 3
bién sb DBH, H va WD, véi R? = 90.32%, bién
ddng so vai thuc té 1a 46. 6% Nhu vay ¢ thé thay
ude lugng (,(BGB) ¢6 sai sb 16n hon nhiéu khi
udce luong phan trén mat dat. M6 hinh don gian
nhét uéc luong C(BGB) v6i mét bién DBH c6 R? =
89.11% va bién déng 1a 52.0%.

Bing 3. Mo hinh wdc tinh cdc bon cay go phan trén mat dét v6i cdc bién so

TT Dang ham Ham

RZ
adjusted P n Pbi CF AIC S%

(%)

C_AGB__ kg = exp(-2.97775 +

1 | C(AGB) = f(DBH) 2.49711°"In(DBH_cm))

95398 | 0.000 | 93 0.000 1.07 | -186.7 30.8%

log(C_AGB__kg) = -3.40031 -
0.819475%log(DBH_cm) +

2 | CIAGB) = f(DBH, H. WD) | § 7591 15+10g(H_m'DBH_cm " 2) +

0.673237*log(WD_g_cm3*DBH_cm " 2)

98.459 | 0.000 | 93 0.006 1.02 | -2865 16.4%

log(C_AGB__kg) = -3.72664 +
2.05141%log(DBH_cm) +
0.760168"log(H_m)

3 C(AGB) = f(DBH, H)

96,280 | 0000 | 93 0.000 1.05 | -2056.5 27.1%

log(C_AGB__kg) = -2.63037 +

4 C(AGB) = f(DBH, WD) 1.23621%1og(DBH_cm) +

0.662748"1og(WD_g_cm3*DBH cm ™ 2)

97.477 | 0.000 | 93 0.000 104 | -2416 21.6%

log(C_AGB__kg) = -3.6277 +
0.170678%log(Ca_m2) +
1.89109%l0g(DBH_cm) +
0.0578426"H_m +
1.94886*WD_g_cm3

C(AGB) = f(DBH, Ca, H,
WD)

98.621 0.000 | 50 0.001 1.02 | -163.6 13.2%

Ghi chii: C(AGB): Cic bon tich lity trong 4 bo phan cdy trén mdt dit, kglcdy;

log: logarit neper, Ca: Dign tich tdn ld, cm?lcay.
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4. KET LUAN VA KIEN NGHI

Két lugn

1) Nang lyc tich lay cac bon trong 5 bd phan
cay rimg: Cac bon tich Ity cao nhét la trong go
(62.6%), tht hai 1a trong canh cay (19.1%), tiép
dén 1a trong ré cay (10.6%), trong vé la 7.2%,
thap nhét 14 1 trong 14 vai ty 18 1a 0.5%.

2) Ham udce tinh sinh khdi cdy trén mat dét
(AGB): C6 3 bién s6 DBH, H va WD dat d6 tin cay
cao; thi dén 1 hai bién DBH va H; ham mdt bién
v6i bién sb DBH dé tin cay thap hon, Cac ham
dugc mod ta nhu sau:

log (AGB_kg) = -2.74348 + 0.693879"log
(H_m*DBH_cm? + 0.367445 * log (WD_g_
cm**DBH_cm?)

AGB_kg = exp(-2.9766 + 0.535797*log(DBH_
cm) + 0.759321 * log(H_m*DBH_cm?)

AGB kg = exp (-2.23927 + 2.49596 *
In(DBH_cm))

B8 sung bién s6 Ca sé mang lai db tin cay cao
nhét trong uéc lugng AGB trong khi chua thé 1ap
dugec mo hinh allometric equations cho tung loai
trén timg diéu kién 1ap dia cta ring nhiét déi.
Ham cé dang sau:

log(AGB_kg) =-2.13408 + 1.96454 *log(DBH _
cm) + 0.619246%log(H_m) + 0.124205%log(Ca_

KHOA HOC CONG NGHE

m? + 1.03509'log(WD_g_cm?)

3) Mé hinh udce tinh cdc bon trong céy rung
phin trén mat dit C(AGB): Can théng qua md
hinh 4 bién DBH, H, WD va Ca; ké dén la 3 bién
DBH, H va WD; con do tin ciy thip hon cé thé chi
st dung 2 bién théng thuong 1a DBH va H. Ham
mot bién véi DBH chi st dung trong diéu kién
khong yéu ciu db tin cay cao nhu do tinh carbon
& chp cong ddng. Cac ham c6 dang sau:

log(C_AGB__kg) = -3.6277 + 0.170678
* log(Ca_m? + 1.89109 * log(DBH_cm) +
0.0578426 * H_m + 1.94886*WD_g_cm?

log(C_AGB__kg) = -3.40031 - 0.819475
*log(DBH_cm) + 0.787115 * log(H_m*DBH_cm?)
+ 0.673237 * log(WD_g_cm**DBH_cm?)

log(C_AGB__kg) = -3.72664 + 2.05141 *
log(DBH_cm) + 0.760168 * log(H_m)

C_AGB_ kg = exp(-2.97775 + 2.49711 *
In(DBH_cm))

4) M6 hinh uéc tinh sinh khéi dudi mat dat
(BGB): Pugc udc lugng tot nhét véi ham 2 bién
s6 DBH va WD. Bién déng clia ham udc tinh cta
BGB 16n hon ABG cho thay su phitc tap ctia hé ré
cay rimg so véi phan sinh khéi trén mat dit cta
né. M6 hinh don gian hon dé uéc tinh BGB theo
nhan t DBH. Bao gdbm cac mé hinh sau:

log(BGB_kg) = -3.21544 + 2.34465"log(DBH _

Bdng 4. Mo hinh wdc tinh sinh khoi ré cay theo cdc bién so

T

TT Dang ham Ham

R? adjusted

(%) P n Pbi CF AlC S%

1 BGB = f(DHB) BGB_kg = exp(-3.73687 +

2.32102°In(DBH_cm))

89.992 0.000 | 105 | 0.000 1.11 -156.4 | 40.4%

2 | BGB = f(DBH, H, WD) | log(BGB_kg) = -3.90385 +
0.891108°log(DBH_cm ™ 2*°H_m) +
1.03154"log(WD_g_cm3)

90.827 0.000 | 105 0.000 1.10 -164.6 | 36.7%

3 BGB = f(DBH, H) log(BGB_kg) = -4.43424 +

0.880023*log(DBH_cm ™ 2*H_m)

88.068 0.000 105 0.000 ‘1.14 -137.9 | 43.8%

4 BGB = f(DBH, WD) log(BGB_kg) = -3.21544 +
2.34465"log(DBH_cm) +

0.977922*1og(WD_g_cm3)

92.482 0.000 | 105 | 0.000 1.08 -185.5 | 33.8%

Bdng 5. M6 hinh wdc tinh cdc bon tich liy trong ré cdy véi cdc bién so

T Dang ham Ham

Rz
adjusted n Pbi CF AIC S%
(%)

C BGB_ kg = exp(-4.91842 +

1 C(BGB) = f(DBH]
i . 1 ] 2.41957"In(DBH_cm))

89.112 0.000 58 0.000 | 1.18 | -60.8 | 52.0%

log(C_BGB__kg) = -0.52749 -

2 | C(BGB) = f(DBH, H, WD) | 20.0271*1/log(H_m*DBH_cm " 3) +
0.865064*log(WD_g_cm3*DBH_cm ™ 2)

90.318 0.000 58 0.045 | 1.23 | -66.7 | 46.6%

log(C_BGB__kg) = -5.58412 +

3 C(BGB) = f(DBH, H
(BGE) { ) 0.911888"log(DBH_cm ~ 2*H_m)

86.934 0.000 58 0000 | 1.16 | -50.2 | 55.7%

log(C_BGB__kg) = -4.52334 +
2.43371%log(DBH_cm) +
0.707128"log(WD_g _cm3)

4 | C(BGB) = f(DBH, WD)

90.261 0.000 58 0.000 | 1.22 | -66.3 | 47.6%
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cm) 4+ 0.977922*log(WD_g_cm®)

BGB_kg. = exp(-3.73687 + 2.32102*In(DBH_
cm))

5) M6 hinh uéc tinh céc bon tich lay trong hé
ré cay rimg (C(BGB)): Pat do tin cay cao nhat véi
3 bién s6 DBH, H va WD. M hinh don gian nhét
uée lugng C(BGB) véi mot bién DBH:

log(C_BGB__kg) = -0.52749 - 20.0271*1/
log(H m*DBH_cm?) + 0.865064"log(WD_g_
c¢cm**DBH_cm?)

C BGB kg = exp(-4.91842 + 2.41957 *
In(DBH_cm))

Kién nghi:

Tir két qua thu dugc ctia nghién ciu, c6
céc kién nghi chinh sau:

1) Ung dung két qua cta dé tai: Cac mo hinh
ude sinh khéi va cac bon rimg da dugc thiét 1ap
cho kiéu rimg 14 rong thudng xanh ving Tay
Nguyén c6 khdi lugng mau du lon, dai dién, da
duoc danh gia do tin cly bao dam yéu cAu cua
IPCC (2006), do vay dé nghi chuyén giao ap dung
cho chuong trinh UN-REDD Viét Nam va cac du
an REDD.

2) Nghién ciru tiép theo can cé: Tiép tuc ap
dung phuong phap nghién ctu ctia dé tai nay cho
c4c tht ca cac kiéu rung ¢ timg vung sinh thai
clia Viét Nam dé c6 duge day di mo hinh va cong
nghé trong udc tinh va gidm sat cac bon ring o
Viét Nam.

Development of allometric equations to estimate bio-
mass and carbon for the Ever-green broad leaved forest
in the Central Highlands of Vietnam.

Bao Huy, Vo Hung, Nguyen Thi Thanh Huong,

Cao Thi Ly, Nguyen Duc Dinh

Summary

This research aims to develop allometric
equations for estimating biomass and carbon
sequestrated from different parts of forest tree
such as stem, branch, bark, leave, and root of
the ever-green broad leaved forest in the Central
Highlands of Vietnam. It is basis for measuring
and monitoring carbon pools of above and below
ground to join the REDD+ (Reducing emissions
from degraded and degradation forest).

Twenty sample plots with an area of 2,000me
each were established, of which 362 sample tree
felled according to proportion number of trees at
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various diameter classes. Based on the sample
trees, fresh and dry biomass and carbon of the
parts as mentioned above were determined and
set of optimal models of carbon and biomass es-
timate is selected. Results showed that: i) Allo-
metric equations of above ground biomass (AGB)
from one variable of DBH was with average devi-
ation S% = 27.9%, while from DBH, tree height
(H), and wood density (WD) had S% = 20.3%.
The most optimal models gained when adding
crown area variable (CA) in the model with §%
= 14.1%. In general all models of this study had
lower deviation comparing to other equations
which were developed for the tropical moist for-
est such as Brown (2001) with S% = 43 — 107%,
and Chave (2005) with S% = 52 - 94%. This indi-
cates that it is need to specifically model for each
eco-region of Vietnam aiming to reliability and
accuracy of estimates. ii) Similar to AGB equa-
tions, the lowest average deviation was found in
the model of Carbon of AGB (C(AGB)) involving
4 variables with S% = 13.2%. iii) Most average
deviation remarkably reduced when adding Ca
variable in the models of AGB and C(AGB), be-
cause Ca reflects the canopy diversity of differ-
ent species in tropical forests. iv) The best model
for estimating below ground biomass (BGB) has
variables of DBH and WD with S% = 33.8% and
for carbon in BGB (C(BGB) with three variables of
DBH, H and WD with S% = 46.6%. The high av-
erage deviation of BGB, C(BGB) models showed
differences of the root biomass of tropical forest
species.

Key word: Allometric equation, above ground
biomass, below ground biomass, forest carbon,
ever-green broad leaved forest, the Central High-
lands of Vietnam.
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DIVERSITY AND CONSERVATION PLANTS OF CO LUNG COMMUME IN
PU LUONG NATURE RESERVE THANH HOA PROVINCE

Dau Ba Thin, Le Van Toan, Pham Hong Ban,
Dinh Thi Thanh Lam

SUMMARY

The vascular plants in Co Lung, Pu Luong Na-
ture Reserve, Thanh Hoa province, was surveyed
and identified with 262 species, 201 genera and
98 families of the 4 divisions. The number of use-
ful plant species of the Co Lung, Pu Luong flora is
categorized as follows: 95 species for medicinal
plants, 31 species for timber plants, 17 species
for food and food stuffs, 8 species for ornamen-
tal, 21 species for essential oils. The plant spe-
cies in Co Lung, Pu Luong are mainly comprised
of the tropical elements (72.16%) of them, the
endemic elements with 18.43%. In the relation-
ship of species with floras in Asia, the flora in Co
Lung, Pu Luong has an affinity with that of In-
dochi-Indu (6.27%), Indochina-Malesia (13.73%),
Himalaya (9.41%), South of China (10.20%) and
Indochina (7.06%). The Spectrum of Biology (SB)
of the flora in Co Lung, Pu Luong is summarized,
as follows: SB = 80,53 Ph + 6,49 Ch + 2,29 Hm
+ 3,82 Cr + 6,87 Th.

Keywords: Diversity, life-forms, nature re-
serve, phytogeographical, plant, Co Lung, Pu Lu-
ong.
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