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TOM TAT

Nghién ciru duoc thue hién nhdm xdc dinh sinh khéi va trir lugng cdc-bon (C)
cta mét sé trang thdi rirng tw nhién trén ndi da véi tai Khu Bdo ton thién nhién
dét ngdp nudc Vén Long, tinh Ninh Binh. Téng cdng 90 6 tiéu chudn duoc ldp
va phén chia theo tri¥ lwvong thanh bén trang thdi rirng: trung binh (TXDB),
nghéo (TXDN), nghéo kiét (TXDK) va chuwa c6 tri¥ lwgng (TXDP). Sinh khéi duoc
tinh todn theo phuwong trinh allometric phi hgp vdi rirng nhiét ddi trén nui da
véi; triv lwgng cdc-bon xdc dinh theo hé s6 chuyén déi 0,47. Két qué cho thdy
sinh khéi trung binh dao déng tir 7,1-165,4 tdn/ha va tri¥ lugng cdc-bon twong
wng 3,3-77,7 tdn C/ha. Trong dé, trang thdi TXDB c6 sinh khéi va khé néng tich
ltiy cdc-bon cao nhét, thdp nhdt Ia TXDP. Tang cdy gb déng gop phdn Ion
(chiém 70-90%) téng lwong CO, toan Idm phén, minh chirng cho vai tro trung
tdm cta cdy gb Ion trong viéc c6 1ap cdc-bon. Khd néng hép thu CO, thé hién
xXu thé gidm ré rét theo thi tw TXDB - TXDN - TXDK > TXDP; la xu thé hoan
toan phi hop vdi cdu tric Iédm phén quan sat. Biéu nay phdn dnh va cho théy
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Tir khéa: cdu truc rirng la yéu té quyét dinh truc tiép dén mire d6 hdp thu CO; trong khu
cdc-bon, CO,, nui da véi, rirng vure nghién ciu. Nghién ctru gép phén cung cép dit liéu dinh lwong phuc vu
tw nhién, sinh khéi, Vén Long. quan ly rirng bén viing, tinh todn tin chi cdc-bon va xdy dung cdc gidi phdp
phuc héi rirng nui dé véi tai Vén Long.
ABSTRACT

The study was conducted to determine the biomass and carbon (C) stocks of
several natural forest states on limestone mountains in Van Long Wetland
Nature Reserve, Ninh Binh province. A total of 90 standard plots were
established and divided according to stock into four forest states: medium
state (TXDB), poor state (TXDN), extremely poor state (TXDK) and no stock
(TXDP). Biomass was calculated using an allometric equation suitable for
Keywords: tropical forests on limestone mountains; carbon stocks were determined using
a conversion factor of 0.47. The results showed that the average biomass
ranged from 7.1-165.4 tons/ha and the corresponding carbon stock was 3.3—
77.7 tons C/ha. In which, the TXDB state had the highest biomass and carbon
accumulation capacity, the lowest was TXDP. The woody layer contributed the
majority (70-90%) of the total CO; in the entire forest stand, demonstrating
the central role of large trees in carbon sequestration. The CO, absorption
capacity showed a clear decreasing trend in the order TXDB > TXDN - TXDK
- TXDP; a trend that is completely consistent with the forest stand structure.
This reflects and shows that forest structure is a factor that directly determines
the level of CO, absorption in the study area. The study contributes to providing
quantitative data for sustainable forest management, calculating carbon
credits and developing solutions for restoring limestone forests in Van Long.

Biomass, carbon, CO,,
limestone mountains,
natural forest, Van Long.
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1. DAT VAN DE

Thé ky 21 “Bién ddi khi hau” dang dugc coi
la tir khod quan trong clla mdi quéc gia va né
cling d3 tré thanh thach thie I&n nhat cha nhan
loai. Diéu nay dat ra yéu cau cic qudc gia phai
hudng téi muc tiéu phat thai rong bang 0 (Net
Zero) cla cdc qudc gia vao gitta thé ky, nhdm
han ché muic tdng nhiét d6 toan cau [1]. Muc
tiéu chia Net Zero doi hoi “khdng giam ma tang”
— khong chi cat gidm t6i da luvgng khi nha kinh
phat thai, ma con phai tang cwong kha nang
hap thu dé can bang phan phat thai con lai, di
déi vai tdng cuwong khd nang hap thu cac-bon
tu nhién, trong dé rirng dugc coi la bé hap thu
cac-bon trén can |&n nhat [2].

V&iy nghia va vai tro dé clta rirng, viéc thanh
l4p cadc Vudrn Quéc gia (VQG), Khu Bao ton (KBT)
la m&t cdch quan trong nhat dé bao tén hé sinh
thai va phat huy nhitng gia tri to I&n ma rirng
mang lai, tuy nhién rat hiém khi viéc thanh lap
nay mang y nghia nham giam thiéu bi€n déi khi
hau (hap thu va lwu trir khi CO,). Viéc hap thu
cac-bon cua rirng khdng chi mang lai loi ich vé
mat khi hdu va moi tredng ma con tao ra gia tri
kinh té thong qua céc quy cac-bon. Cac quy céc-
bon wu d3i nay dugc trao cho cac qudc gia dang
phat trién nhdm hd trg ho gidm phat thai khi
nha kinh bang cach quan ly rirng mot cach hiéu
qua hodc thuc hién cdc hoat ddng trong mai
va tai tréng rirng (IPCC, 2013) [3]. Khodn thanh
todn nay dua trén lvgng cac-bon duoc co lap,
va luvgng cac-bon nay phai dwoc xac nhan bang
cac nghién ctru khoa hoc (IPCC, 2006). Bén
canh d¢, xac dinh duoc trit lvgng cac-bon tai
cac VQG, KBT s& nang cao vai tro cta cac VQG,
KBT d6 trong bdi cdnh BDKH va gép phan tao
nguon tai chinh bén virng cho cdng tac quan ly
va bdo vé rirng, dic biét trong bdi canh thi
trudng cac-bon s6i déng nhu hién nay [4].

Khu Bao ton thién nhién dat ngip nudc
(BTTNDNN) Van Long la hé sinh thai rirng — nui
da voi dac thu va co gia tri cao vé da dang sinh
hoc, déng thoi 1a khu Ramsar cla thé gidi. Day

la khu ve cé nhiéu sinh cdnh da dang, dac biét
c6 cac khdi nui da voi xen 1an cac vung dat ngap
nuwdc. Chinh sy biét [ap dia ly da tao nén tinh
dac hitru va da dang riéng biét cho vung nui da
vOi nay. Van Long cling la khu vyc ndi da voi vai
dia hinh phtrc tap, nhiéu viach da dung dirng,
hang déng, khe nii sau. Diéu kién nay gay khé
khan cho viéc tiép can, khdo sat thyc dia va thu
thap di* liéu dinh luvgng vé sinh khéi (vi du: do
chiéu cao cay, dudng kinh, thu mau...) [5]. Rirng
& day phat trién trén |&p dat mong, nghéo dinh
dudng, khién mat do cay thap va sinh khoi gbd
khong cao so vé&i cac hé sinh thai rirng khac nhu
rirng kin thuorng xanh trén dat feralit. Sinh khéi
thap nén nghién clru dinh lvgng khéng mang
lai nhiéu gia tri so vdi chi phi va céng strc thuc
hién. Ngoai ra, nhiéu khu vuc thudc phan khu
bao vé nghiém ngat han ché diéu tra va yéu cau
giam tac déng thuc dia, han ché Hmé& tuyén
nén khdng cho phép chat ha ciy dé xay dung
phuong trinh chuan. Do do6, sinh khéi chd yéu
tinh bang phuwong trinh gidn tiép, diéu nay
khi€n cac nghién clru sinh khdi it duwoc trién
khai vi di¥ liéu déi chirng khéng dd. Va tir d6
lam cho cdc hoat déng nghién ctru khoa hoc di
sdu vé cau truc, sinh khdi va cac-bon rirng trén
nui d4 véi tai khu vire Van Long rat it gan nhu |3
chua cé. Viéc xac dinh sinh khéi va trit lvong
cac-bon cua rirng nui da voi tai Van Long khong
chi cé y nghia khoa hoc ma con cé gia tri thuc
tién cao. K&t qua nghién cru s& gép phan bé
sung co s& dit liéu vé sinh khéi va cac-bon cho
khu virc Bac B, lam cdn c phuc vu danh gia
gia tri dich vu méi trwong rirng, tir dé ho tro
cong tac quan ly, bao tdn va phat trién rirng
theo hwdng bén virng, &ng phd bién déi khi
hau & dia phuong cling nhu tai cac vung ndi da
voi khac cia Viét Nam.
2. PHUONG PHAP NGHIEN CU'U
2.1. Phwong phap thu thép s6 liéu

Tién hanh 14p 90 6 tiéu chuan (OTC) ngiu
nhién dién hinh cho cac trang thai rirng gb tu
nhién ndi da. Viéc xac dinh sd lwgng OTC cho
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madi trang thai rirng tai Khu BTTNDNN Van Long
duwoc thuc hién dua trén dién tich phan bé thyc
té€, mirc d6 déng nhat cla thdm thuc vat, dac
diém cAau tric rirng va mirc dé bién dong sinh
khéi gitra cac trang thai. Trong d6: phia Tay Bic
(30 OTC); phia Pdng Bac (20 OTC); phia Nam (15
OTC) va nui Ba Chon (10 OTC), Déng Quyén (6
0TC), Méo Cao (3 OTC), Cb Tién (6 OTC). Dién
tich m&i OTC |a 500 m? (25 m x 20 m)

Trong m&i OTC lap 05 dang ban (ODB) cap 1
& cdc vi tri 4 géc va tam OTC, mdi ODB cap 1 ¢
dién tich 25 m? (5 m x 5 m). Trong cac ODB céap
1 tién hanh 14p 05 ODB cap 2 tai 5 vi tri (tdm va
4 géc) clia ODB cap 1, mbi ODB cap 2 cé dién
tich1m?(1mx1m)

*Piéu tra tdng cdy cao: Diéu tra toan bd cac
cay c6 duwong kinh ngang nguc (D13) tlr 6 cm
trd 1&n, do D13 bang thudc day do vanh cé do
chinh xdc dén 0,5mm; Chiéu cao vt ngon (Hvn)
dugc do bang thudc do cao Blume leiss. DEm
cla toan b s6 cay trong OTC dé xac dinh méat
do (N).

*pjéu tra tdng cdy bui thdm tuoi va thdm
muc: Duoc thu thap tir cdc ODB cip 1 va cap 2,
thu gom va cén toan bd tham tuwoi, tham muc

va vat roi rung trong ODB bang can déng ho ¢
dd chinh xac dén 50 g.
2.2. Phuong phap xtr ly sé liéu

- Phan loai cac trang thai rirng: Theo thong
tu s633/2018 va 16/2023/TT- BNNPTNT cua B
NOng nghiép va Phat trién néng thén Quy dinh
veé diéu tra, kiém ké va theo d&i dién bién rirng.
Phan chia rirng tu nhién khu vyc nghién cliru
theo tri* lwgng. Tinh todn cac chi tiéu diéu tra
ciu trdc 1dm phan bao gbm: Mat dé (N, cay/ha),
D, 3(cm), Hvn(m), tdng tiét dién ngang (G,
m%ha) va tri lvong (M, m3/ha).

- Sinh khdi cac trang thai rirng: s dung 5
phuong trinh dé tinh sinh khéi trén mat dat.
Viéc lya chon phuong trinh sinh khéi cho
nghién ciru duoc dua trén cac tiéu chikhoa hoc
sau: déi twgng va diéu kién xay dwng phuong
trinh; pham vi kich thwdc mau (DBH, Hvn); kiéu
rirng, loai cdy chd dao va diéu kién sinh thai;
murc dd tuwong dong vé ciu tric rirng va lap dia
véi khu nghién ctru; d6 chinh xac va sai sé bao
cdo bdi tac gid gdc; mirc dd duoc st dung rong
rdi trong cac nghién ctru twong ty. Cac dang
phuong trinh tinh sinh khéi va trit lwvong cac-
bon thé hién trong Bang 1.

Bang 1. Cac dang phuong trinh tinh sinh khéi str dung trong nghién ciru

1T Dang phuwong trinh R Ngudn
PT1 AGB = 0,1142xD?*#45! 0,96 UN-REDD
PT2 AGB = 0,0547xD>1148x 406131 0,96 UN-REDD
AGB = 277,273 x (DBH? x Hmt/10000)%%%" x 1073
Tinh chiéu cao men than (Hmt) clia cac cay gb 6 diéu tra dwa trén chiéu
PT3 cao vUt ngon (Vién Diéu tra quy hoach rirng ndm 1995) theo céng thirc: 0,92 GIZ [6]
Hmt = Hin x 1,04
SK (tLAro’i) =0,2616 x ijs?.‘)f;z 0977 . Huy
PTA SK (kh6) = 0,454 x SK(tuoi)" 0,993 (2008)
C0O2 =0,167 x D*4803 0,968
B=0,5xA; C=1,33x8B; D=1,2xC; E=1,5xD
A |3 tong trit lwvong |1dAm phan A = D13*H,,*f*10 (f =0,45) NIRI

PT5 B 1a sinh khoi gb kho (tdn/ha); C |a téng sinh khdi trén mat dat (tdn/ha),

D la téng sinh khéi (tdn/ha), E |a tdng lvgng cac bon hap thu (tdn/ha)

Muc tiéu s&r dung 5 phuong trinh trén dé so
sanh va danh gia mic d6 chénh léch gilra cac

phuong trinh, tir d6 cé thé lwa chon phuong
trinh t&i wu cho tirng trang thai rirng déng thoi
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kiém chirng d6 tin cdy cla phwong trinh khi ap
dung trong diéu kién rirng trén ndi da voi, tang
d6 chac chan cla wéc tinh sinh khéi va cac-bon
va lam co s& cho thao luan khoa hoc va dé xuat
hudng nghién clru phu hop.

Sinh khéi dudi mat dat (Khéi lvong tuoi/khd
dugc quy d6i vé tdn/ha) theo phuong trinh
BGB = AGB x RS. Trong dé RS bang 0,246 néu
AGB > 125 tan khd/ha, RS bang 0,323 néu AGB
<125 tan khé/ha.

Tinh sinh khéi 1&p cay bui thdm tuoi:

SKtt= KLTT (ODB) x 110000000 (tdn/ha)

SKtk = 0,987*SKtt919% (tdn/ha)
Tinh sinh khéi tham muc va vat roi rung:

SKkt = KLTK (ODB) x ~22° (t4n/ha)
1000

SKkk = 0,6327*SKkt + 2,1399 (t4n/ha)
- Kha nang hap thu CO, cac trang thdi rirng:

Kha ndng hap thu CO; clia tang cay gb.
TB=AGB+BGBvaTC=TB x CF x 44/12
Trong do:
TB la téng sinh khdi cla 6 do dém;
TC 12 téng trit lwong cac-bon clia 6 do dém;

AGB la sinh khdi trén mat dat, BGB la sinh
khoi dudi mat dat.

So sanh sinh khdi cac-bon cla tang cay go:
S dung kiém dinh Kruskal-Wallis dung dé so
sanh nham xac dinh xem c6 sy khéc biét dang
ké gilta cdc nhdm vé bién két qua hay khéng.

Néu cd su khac biét, kiem dinh hau kiém
Dunn (Dunn’s test) dugc s dung dé xac dinh
cac cap nhém khac biét.

Kha nang hap thu CO, clia cay bui, thdm tuoi,
tham muc va vat roi rung duoc tinh theo cong
thire:

C = 50%*SKtk (tan/ha);
CO, =3,67*C (tdn/ha)
3. KET QUA VA THAO LUAN
3.1. Sinh khadi cac trang thai rirng tw nhién khu
vwc nghién ctru
3.1.1. Sinh khéi téng cdy gb

K&t qua théng ké dién tich cic trang thai
rirng (theo quy dinh cla théng tw s6 33/2018
va théng tu sd 16/2023/TT-BNNPTNT) tai Khu
BTTNDNN Van Long thé hién tai Bang 2.

Bang 2. Hién trang cac trang thai rirng khu vire nghién ciru

Ky N . Trir lwong Tong dién tich  Tong
T . Tén trang thai 3
hiéu M (m?/ha) (ha) oTC
1 TXDB Rurng gb tw nhién ndi d4 trung binh 104,8 -177,4 42,4 7
2 TXDN Rurng gb ty nhién ndi da nghéo 51,9-98,0 317,4 18
3 TXDK Rurng gb ty nhién ndi da nghéo kiét 14,3 -49,1 1.405,7 59
4 TXDP  Rurng gb tw nhién nui d4 chua cé trir lwong 3,6-5,8 158,7 6
Tong 1.924,2

Hau hét rirng trong khu vuc nghién ctu la
rirng ngheo, da cé théi gian dai chju sy tdc déng
cla con ngudi va cac yéu té mdi trwong, nén
trit lwgng thap va rat thap. Két qua diéu tra,
danh gia cho thdy: 100% hién trang rirng tw

nhién nui da cla khu vuc nay 1a rirng cay gb va
trit lwgng rirng hién tai dang & mdc thap. Sinh
kh&i tAng cay gb qua cac trang thai dugc thé
hién & Bang 3.

Bang 3. Sinh khai tang cay gb qua cac trang thai rirng

Trang Trén mjt dat (AGB) - tdn/ha Duéi mat dat (BGB) - tdn/ha
thai PT1 PT2 PT3 PT4 PT5 PT1 PT2 PT3 PT4 PT5
TXDB 125,05 83,12 77,67 106,68 97,29 22,63 24,87 22,96 29,13 27,46
TXDN 64,49 43,97 42,24 54,61 50,57 20,8 14,2 14,87 18,2 16,33
TXDK 23,29 13,99 13,34 18,87 16,85 10,75 7,75 7,54 9,33 8,67
TXDP 10,57 8,02 7,63 8,99 8,78 4,06 3,24 3,11 3,55 3,48
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Trang thdi rirng trung binh TXDB cd sinh khéi
cao nhat & tat c cac phuong trinh tlr PT1-PT5;
gid tri PT1 dat t&i 125,05 tan/ha, cao hon trang
thai TXDN khoang 2 lan va gdp 4 — 12 lan trang
thai TXDK va TXDP. Qua s6 liéu & bang 3 cho
thay sinh khéi trén mat dat va dwdi mat dat céd
sy khac biét rat I&n gilra bdn trang thai rirng va
xu thé sinh khai tang cay go gitta cac trang thai
rirng bién thién theo gia tri tang 1én cha cac chi
tiéu ciu tric déc trung nhu D13, Hun, Hmt, G.

Phuong trinh 1 luén cho gid tri sinh khdi cao
nhat & c3 4 trang thai, phwong trinh PT3 va PT2
cho gié tri thap hon PT1 khodng 35 — 38%, sw
sai khac vé gia tri wdc tinh sinh khéi qua PT2 —
PT3 thuong nhd. Phuong trinh PT5 va PT4 cé xu
huwdng sinh khdi gidm nhe so v&i PT1, cho gid tri
thap hon PT1 khoang 15 - 23%

Sinh khai duéi mat dat (ré) chiém khoang 18
— 25% so vd@i sinh khéi trén mat dat (AGB) cla
cac trang thai rirng, k&t qua nay phu hop véi

dac diém rirng nui da voi co tang dat méng, bd
ré phat trién theo khe nut.

Nam phuong trinh déu phan anh xu huéng
giam sinh khéi rirng tir trang thai TXDB - TXDN
- TXDK > TXDP, nhung bién déng gia tri sinh
kh&i tang cay gb clia cac phuong trinh tinh
dugc thé hién qua k&t qud |a khic nhau, &
nhitng trang thai rirng déng nhat, ciy nho thi
cdc dang phuwong trinh déu cho két qua gan
nhau. O nhitng trang thai rirng nhu TXDB,
nhiéu cay ¢6 D > 25 — 30 cm do d6 cac phwong
trinh PT1 va PT4 cé gid tri cao hon. Nhirng sy
khac biét nay giup danh gia mirc d6 phu hop
cla trng phuong trinh véi tirng trang thai &
khu vuc nghién ctru.

3.1.2. Sinh khéi c@y bui, tham two'i va thdm muc

K&t qua tinh sinh khdi cay bui, thdm tuoi va
tham muc tai khu vuc nghién ciru duoc thé
hién trong Bang 4.

Bang 4. Sinh khdi thAm muc, tham twoi cha cac trang thai rirng tw nhién

Tham twoi (tan/ha)

Tham muc (tdn/ha)

Trang thai

SKtt SKtk SKkt SKkk
TXDB 12,14 9,54 8,51 7,52
TXDN 6,07 5,09 7,33 5,82
TXDK 7,71 6,32 6,70 6,38
TXDP 5,16 4,37 7,43 6,84

S6 liéu & Bang 4 cho thay gia tri sinh khdi
tham tuoi (SKtt, SKtk) va tham muc (SKkt, SKkk)
cla bdn trang thai rirng tu nhién trén nui da
vOi. K&t qua phan anh rd ddc diém cau truc,
murc d6 che phu, diéu kién vi khi hau va téc d6
phan giai hitu co khac nhau gilra cac trang thai
V@i tirng gid tri sinh khdi cu thé nhuw sau:

Trang thai TXDB (rirng trung binh) cé sinh khi
thdm twoi va tham muc cao nhat trong tat ca cac
trang thai. Trang thai TXDN (rirng nghéo) dirng
th& hai, nhung thap hon trang thai TXDB mét
cach déng ké. Trang thai TXDK (rirng nghéo kiét)
cb gia tri trung gian, phan anh trang thai rirng
phuc héi yéu. Trang thai TXDP (rirng phuc héi —
cay bui, cd) co gia tri thap nhat & ca thdm tuoi va
thdm muc. Nhin chung mdrc dd suy gidm sinh khoi

theo thir ty: TXDB - TXDN - TXDK — TXDP.
TXDB cd hé sinh thai 6n dinh nhat va&i dac
trung rirng cé trit lwgng trung binh nén tham
twoi va tham muc déu cao so vdi 3 trang thai
rirng con lai. TXDN va TXDK c6 sinh khéi trung
binh, phan danh mdc d6 phuc hoéi khac nhau.
TXDP sinh khéi thap nhat, két qua nay phu hop
v@itrang thai rirng bi suy thodi manh, it tan che,
dat mong. Nhung tham muc cé thé tich tu do
phan giai cham.
3.2. Kha nang hap thu CO; cac trang thai rirng
tw nhién
3.2.1. Khé néng hdp thu CO; cta téng cdy go
Két quad dénh gid kha ndng hap thu CO; cla
tang cay gb qua cdc trang thai rirng & tirng dang
phuong trinh dugc thé hién trong Bang 5.
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Bang 5. Udc tinh tong lwong cac-bon tang cay gb trong cac trang thai rirng

Tong lwgng CO, hap thu cha tang cay gd qua cac dang phwong trinh (tan/ha)

Trang thai
PT1 PT2 PT3 PT4 PT5
TXDB 147,68 107,99 100,63 135,81 124,75
TXDN 85,29 58,17 57,11 72,81 66,90
TXDK 34,04 21,74 20,88 28,20 25,52
TXDP 14,63 11,26 10,74 12,54 12,26

S4 liéu & Bang 5 cho thay, xép hang kha ndng
tich Ity CO, (cao > thap) theo trang thai rirng:
Tang cay gb clia rirng TXDB c6 kha ndng hap thu
CO, cao nhat trong tat cd cic trang thai. Tiép
theo lan Iuot la TXDN - TXDK - TXDP, phan
anh mirc d6 gidm dan vé ciu tric, mat do, kich
thudc cay va trit lwvong sinh khéi. Xu thé nay 13p
lai & tat cd 5 phuong trinh, chirng té su khac
biét 1a 6n dinh va cé y nghia sinh thai, khéng
phu thudc vao céng thirc tinh. Véi gid tri khoang
cach twong ddi gilra cac trang thai: TXDB trung
binh hap thu =1,8 x TXDN, =4,7 x TXDK, =10 x
TXDP. Trit lwgng CO; cla tang cay gb tinh trung
binh & 5 phwong trinh d6i vdi tirng trang thai
rirng nhu sau:

TXDB (rirng trit lwong trung binh): Trung
binh = 123,4 tdn CO,/ha. TXDN (rirng nghéo —
phuc héi): Trung binh = 68,1 tdn CO,/ha. TXDK
(rrng nghéo kiét): Trung binh = 26,1 tin
CO,/ha. TXDP (rirng chua cé trit lwgng): Trung
binh = 12,3 tan CO,/ha.

Xép hang theo gia tri phuwong trinh thi lvgng
CO; hép thu tinh theo PT1 cho gid tri |&n nhat &
tat ca trang thai, tiép theo l1a PT4 - PT5 - PT2
- PT3 (th& tw nay duy tri twong d6i 6n dinh
qua 4 trang thai). Tang cay gb doéng gop tir 70—
90% téng CO, toan 1am phan, phu hop quy luat
sinh thai rirng ty nhién nhiét ddi. Sy khac biét
CO, rd rét gitra 4 trang thai rirng 13 c6 va 6n
dinh. D& khang dinh sy khac biét nay cé chic
chan hay khdéng can thuc hién kiém dinh gia
thuyét thong ké phu hop dé két luan. Trang thai
TXDB I3 vung giau cdc-bon nhat, TXDN & murc
trung binh, TXDK va TXDP la d&i twong wu tién
phuc hoi.

3.2.2. So sdnh sinh khéi cdc-bon cta téing cdy gb
3.2.2.1. So sdnh khad ndng hép thu CO: cda cdc
phwong trinh qua cdc trang thdi rirng

K&t qua so sanh khad ndng hap thu CO; cla
cac phuong trinh qua cdc trang thai rirng tai
khu vire nghién clru dugce thé hién & Bang 6.

Bang 6. K&t qua so sanh kha nang hap thu CO; clia cac phwong trinh qua cac trang thai

Trang thai Phwong trinh

Chi tiéu PT1 PT2 PT3 PT4 PT5

TXDB 87 87 87 69,57 87
Hg\lr:]ghtcrt,j:g TXDN 70,72 71,89 72,22 75,72 71,94
.. TXDK 37,02 35,24 35,32 35,59 35,49

trang thai

TXDP 4,83 18,83 17,00 24,17 16,17
X2 55,202 55,202 52,593 42,517 52,331
Sig. 0,000 0,000 0,000 0,000 0,000

Két qua & Bang 6 cho thay, cadc phuong trinh
déu phan biét rd 4 trang thai rirng. PT1, PT2,
PT3, PT5 cho két qua én dinh, phu hop thuc
tién. PT4 c6 xu hudng uwéc lwong cao bat
thudng ddi véi TXDP va TXDN, cling nhu thap
hon & TXDB. PT1, PT2, PT3 va PT5 nén duoc wu
tién str dung dé wdc tinh CO, cho rirng ty nhién

ndi da véi Van Long. PT4 khong nén dung vi
khéng dam bao thi&r bic sinh khéi CO, dung
theo cdu truc rirng. Két qua cla phwong phap
hau kiém la kiEm dinh Dunn (Dunn’s test) da so
sanh sinh khdi cac-bon cho tirng cap trang thai
& cac phuong trinh dugc thé hién trong Hinh 1.
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Hinh 1. So sanh sinh khéi cac-bon theo tirng cip phwong trinh bang kiém dinh Dunn
(1, 2, 3, 4 la trang thdi rirng TXDB, TXDN, TXDK, TXDP;
87-70,72 - 37,02 va 4,83 lan lwot la thir hang trung binh cda tirng trang thdi rivng & PT1;
87-71,89 - 35,24 va 18,83 lén luot la thi hang trung binh cla tirng trang thdi rirng & PT2;
87-72,22 - 35,32 va 17 lan lwot la thir hang trung binh cua tirng trang thdi rivng & PT3;
69,57 - 75,72 - 35,59 va 24,17 1an lugt la thir hang trung binh cua tirng trang thdi rirng & PT4;
87-71,94 - 35,49 va 16,17 lén lugt [ thir hang trung binh cla tirng trang thdi rirng & PT5)

Cé it nhat mot s6 cap trang thai cd sy khéc
biét cé y nghia théng ké vé sinh khéi céc-bon
theo kiém dinh Dunn. Trang thai TXDB thudng
c6 gid tri cao nhat, tao nén sy khac biét rd rét
so v&i TXDK trong hau hét cac phuong trinh.
M6t s6 cdp (nhu TXDB — TXDN) cho thay khéng
c6 sy khdc biét I&n. Phuong trinh 4 thé hién sai
khéc c6 y nghia thong ké rd nhat gitta cac trang
thai, phuong trinh 1 it tao ra khac biét thong ké
gilta cac trang thai.

Cac phuong trinh con lai (2, 3, 5) ¢c6 mirc
phan biét trung binh, tdp trung & sy khac biét
gitra TXDN va TXDK.
3.2.2.2. So sdnh khé néing hép thu CO: cua cdc
phwong trinh trong cung trang thdi

Két qua so sanh kha nang hap thu CO; cla
cac phuong trinh trong cung trang thai rirng tai
khu BTTN D4t ngdp nudc Van Long dugc thé
hién trong Bang 7.

Bang 7. Két qua so sdanh kha ning hip thu CO; clia cdc phwong trinh trong cung trang thai

Phwong trinh Trang thai
Chi tiéu TXDB TXDN TXDK TXDP
H ¢ PT1 21,29 50,94 171,75 7,33
ang trung PT2 15,29 3933 117,88 16,33
binh cua
PT3 13,14 37,22 114,69 14,83
phuong
trinh PT4 28,86 33,72 235,95 26,83
PT5 11,43 66,28 99,73 12,17
X2 13,521 18,636 102,530 16,056
Sig. 0,009 0,001 0,000 0,003
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Két qua & Bang 7 cho thay, PT4 thudng cho
k&t qua cao nhat & cac trang thai TXDB, TXDK,
TXDP, trong khi &@ TXDN PT5 cho gia tri I&n nhat.
TXDK c6 2 I&n nhat nén su khac biét gitra cac
phuong trinh & trang thai nay 1a 1én nhat.

Pairwise Comparisons of Phuongti

Pairwise Comparisons of Phuongt

Két quad cla phuong phap hau kiém la kiém
dinh Dunn (Dunn’s test) d3 so sanh sinh khdi
cac-bon cho tirng cdp phuong trinh duwoc thé
hién trong Hinh 2.

Pairwise Comparisons of Phuongt Pairwise Comparisons of Phuongtt
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Hinh 2. So sanh sinh khéi Cac-bon theo tirng cdp trang thai bang kiém dinh Dunn
(1, 2, 3,4, 5 la cdc phuong trinh PT1, PT2, PT3, PT4, PT5
28,86 - 21,29 - 15,29 -13,14 va 11,43 lan lugt la thi hang TB cua cdc PT & trang thdi TXDB
66,28 - 50,94 - 39,33 - 37,22 va 33,72 lan lwot la thir hang TB cda cdc PT & trang thdi TXDN
171,75-117,88-114,69-235,95 va 99,73 lan lwot la thir hang TB cua cdc PT & trang thdi TXDK
26,83- 16,33- 12,17- 14,83 va 7,33 lén lugt [ the hang TB cda cdc PT & trang thdi TXDP)

- PT4 13 phuong trinh cho két qua CO, léch
nhat & tat cd cdc trang thai: Ludn tao ra duwong
vang vdi hau hét cic PT khac. Chénh Iéch hang
rat I&n, dac biét & TXDK va TXDB. PT4 khong
phu hop véi rirng tu nhién ndi da voi khu vyc
nghién ctru vi luén khac biét manh vaéi cac PT
khac & moi trang thai. PT1 - PT2 — PT3 - PT5¢c6
sy twong déng cao: Nhiéu canh den gitra ching
thé hién khdng cé khac biét théng ké. Nhém
PT1-PT2—-PT3—PT5 ddang tin cay hon, phu hop
ciu truc rirng. DEi véi cac phan tich CO, cho
rirng nui da voi, nén s&r dung: PT1, PT2, PT3
hodc PT5. D4y la nhém phuong trinh 6n dinh va
phu hgp véi rirng tu nhién ndi da voi khu vuc
nghién clru.

- TXDK c6 mirc dao ddng manh nhat: Cac
phuong trinh cho k&t qua rat khac nhau. Diéu
nay phu hop thuc té: rirng nghéo kiét cé ciu
trac khdc thudng so véi cau tric trang thai rirng
on dinh tri* lwong, sinh khéi thap nén phuong
trinh hoi quy dé sai khac. TXDP va TXDN 6n dinh
hon: Chénh léch thdp hon TXDK. Cac phuong
trinh cho wdc luvgng twong ddi déng nhat hon.
3.2.2.3. So sanh kha nédng hép thu CO; cda cdc
OTC trong cling trang thdi va cting phwo'ng trinh

K&t qua so sanh khd ndng hap thu CO; cla
cac OTC trong cung trang thai rirng va cung
phuong trinh tai khu vue nghién clu duoc thé
hién trong Bang 8.

Bang 8. So sdnh kha ning hap thu CO, cdc OTC trong cung trang thai va cing phwong trinh

OoTC PT1 PT2 PT3 PT4 PT5
trang thai X2 Sig. X2 Sig. Sig. X2 Sig. X2 Sig.
TXDB 21,647 0,001 19.295 0,004 18,188 0,006 20,147 0,003 21,647 0,001
TXDN 76,491 0,000 68.827 0,000 65,163 0,000 132,443 0,000 151,336 0,000
TXDK 108,84 0,000 120.63 0,000 129,96 0,000 108,84 0,000 128,13 0,000
TXDP 26,63 0,000 10.429 0,064 11,88 0,036 7,865 0,164 11,93 0,036

Két qud Bang 8 cho thay, hau hét cd sy khac
biét c6 y nghia thdng ké vé sinh khdi cac-bon
gilra cac OTC trong cung mét phwong trinh cla
cung 1 trang thai rirng (do Sig. theo tiéu chuan

Kruskal-Wallis déu nhé hon so v&i mic y nghia
0,05), ngoai trir gia tri cia phuwong trinh 2 va
phuong trinh 4 tai trang thai TXDP, sinh khéi
cac-bon khong khac nhau gilta cac phuong
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trinh (Sig. > 0,05). Du s dung cung mot
phuong trinh (PT) va cing mot trang thai rirng
(TXDB, TXDN, TXDK, TXDP), trit lwong CO, gitta
cac OTC van khac nhau. Diéu nay |3 hoan toan
binh thudng va phu hop véi dac diém rirng tu

Pairwise Comparisons of OTC

Pairwise Comparisons of OTC

nhién. K&t qua cda phuwong phap hau kiém la
kiEm dinh Dunn (Dunn’s test) d3 so sanh sinh
khéi cac-bon cho tirng cdp OTC. K&t qua thu
dugc nhu Hinh 3.
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Hinh 3. So sanh sinh khdi cac-bon theo tirng cdp OTC trong cung trang thai, cing phwong trinh

K&t luan, trit lwong CO, gitra cac OTC trong
cung mot trang thai rirng, cung mot phuwong
trinh wéc tinh cé sy khéc biét dang ké 13 hoan
toan phu hop vdi dac diém rirng tu nhién. Su
sai khac nay ch yéu xuat phat tir tinh khong
ddng nhat vé ciu tric Idm phan, t6 thanh loai,
diéu kién sinh thai va lich str tdc déng khac nhau
tai tirng vi tri. Ngoai ra, sai s6 do dac va sy nhay

cam khac nhau cla céc phuwong trinh sinh khdi
cling gép phan lam gia tang su bién déng CO,
gilra cac OTC.
3.2.3. Kha ndng hép thu CO; cta cdy bui, tham
tuwoi, tham muc va vt roi rung

K&t qua danh gid kha ndng hap thu CO, cla
cay bui, tham tuoi, tham muc va vat roi rung
dugc thé hién trong Bang 9.

Bang 9. Sinh khdi I&’p tham two'i, thdm muc céac trang théi rirng ty nhién

. Tham tuoi Tham muc
Trang thai
SKk Cco; SKk CO;
TXDB 9,54 1,75 7,52 1,38
TXDN 5,09 0,93 5,82 1,07
TXDK 6,32 1,16 6,38 1,17
TXDP 4,37 0,80 6,84 1,26

S6 liéu & Bang 9 cho thay, lvgng CO, hdp thu
trong tham twoi dao déng tir 0,80 — 1,75 tan
CO,/ha, thap hon rd rét so vdi tang cay gob
nhung van déng gép mot phan nhat dinh vao
téng hap thu cédc-bon cuia hé sinh thai rirng nai
da véi. Lwong CO, hap thu trong thdm muc dao

doéng 1,07 — 1,38 tan CO,/ha, nhin chung cao
hon hoac twong duwong véi tham twoi do sy
tich [Ty vat roi rung va téc d6 phan hiy cham
trén cac diéu kién dat mong, pH thap cta nui
da voi.
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3.3. Pé xuat mot s gidi phap nang cao kha
nang tich liiy cac bon cta rirng

(1) Béo vé va duy tri rirng hién cé

Bao vé nghiém ngat cac trang thai rirng
trung binh va rirng nghéo (TXDB, TXDN) dé duy
tri lwvgng sinh khdi va CO, 6n dinh. Gidm sat va
han ché tic dong tir du lich, khai thac tai
nguyén va chay rirng, dac biét & cac khu vue cod
cay gb 16n, noi tich Illy cac-bon cao. Ngin chin
xam nhap, khai thac cay gd quy nhu Sdng nhung
va Re — céc loai ¢c6 chi s6 quan trong (IV%) cao,
gop phan duy tri cau trdc rirng. Han ché tén
that sinh khéi va cdc-bon do chéy rirng, dac biét
& cac khu vye rirng cén bién.

(2) T6i wu héa céu truc rirng

B3o ton va phat trién tang cay gb lon: Cac
nghién cttu d3 chi ra tang cay gd chiém ty trong
I&n trong trir lwgng cac-bon; duy tri cac cay giau
sinh khéi s& ting tdng lwong cac-bon rirng.
Khuyén khich phat trién da tang rirng, dac biét
tdng mat do cay gb 1&n, khuyén khich rirng cé
tang cay gob, cay bui va thdm muc déng bo dé
tan dung téi da kha nang hap thu CO, va tich lly
cac-bon trong céac tang khac nhau. Nham ting
sinh khdi trén mat dat (AGB) — tang chiém ty
trong cao trong trit lwgng cac-bon .

(3) Quan ly tham twoi va tham muc

B3o tdn tham muc — thanh phan 6n dinh
nhat trong chu trinh vat chat va tich Ity CO,,
dac biét & cac trang thai rirng TXDB va TXDK.
Tang cuwdng vat chat hitu co bang viéc gilt lai I3
rung, canh khé, han ché san Ui va khai thac
tham muc. ThAm muc |3 noi tich trit cdc-bon
l4u dai, can han ché khai thac hodc pha v&. Duy
tri d6 4m va vi khi hau dudi tan rirng, ho tro
phan gidi vat chat hitu co, thic day tich Iy BGB
(sinh khoi dwdi mat dat) — ty |é BGB/AGB chiém
18 — 25%.

(4) Ung dung mé hinh sinh khéi va kiém ké
cdc-bon

Lwa chon phuong trinh wéc tinh sinh khai
phu hgp tirng trang thai rirng:

PT4: phlu hgp cho rirng trwedng thanh (TXDB,
TXDN) dé wdc tinh CO, cao, phan anh dung

tiém nang tich lty. PT2—-PT3—-PT5: phu hop cho
rirng nghéo, rirng phuc hdi (TXDK, TXDP), én
dinh va trdnh wéc luvgng vuot thyc té.

TXDB (rirng trung binh, nhiéu cay Ién): Uu
tién PT1 (nhay vo&i dwong kinh 1&n, phu hop
rirng c6 cay ldn). Co thé dung PT1 lam gid tri
chd dao, nhung nén kiém d6i chirng tai hién
trudng trude khi dp dung duy nhat. Tranh dung
PT4 1am tham chiéu chinh vi PT4 cé xu huéng
bat thuong.

TXDN (rirng nghéo, phuc hoéi): Uu tién PT2
hodc PT3 (6n dinh, dung cac bién D va H phu
hop cho rirng nghéo). PT5 d6i khi cho gia tri cao
& TXDN — dung than trong hoac két hop trung
binh.

TXDK (rirng nghéo kiét): Do bién déng giira
cac PT 1&n (x? rat cao), khuyén nghi st dung gia
tri trung binh cta PT1, PT2, PT3, PT5 va uu tién
thuc hién kiém chirng thue nghiém (mau chit
ha mot s6 6 dién hinh) dé xay dwng hé sd cuc
bé. PT4 khong tin cdy & trang thai nay.

TXDP (rirng tai sinh/bui cd): Dung PT2 hodc
PT3; PT1 thudng cho gia tri thdp & TXDP, PT4
cho gid tri cao vuot tréi —do vay tranh PT4. Néu
can uwdc tinh chinh xac dé 1ap ké hoach phuc
hoi, wu tién PT2/PT3 va két hop danh gid tham
tuoi/thdm muc.

4. KET LUAN

Kiéu rirng kin thwdrng xanh muwa mua nhiét dai
tai Khu BTTNDNN Van Long c6 trit lvgng thap
bién dong tir 3,6 m3/ha dén 177,4 m3/ha, thudc
04 loai: Rirng gb tw nhién nui da trung binh,
ngheo, nghéo kiét va rirng chua cé trir luvong.

K&t qua nghién ctru sinh khdi tang ciy gb cua
cac trang thai rirng ty nhién tai khu vyc cho
thay su khac biét rat rd rét gitra bon trang thai
rieng (TXDB, TXDN, TXDK, TXDP), phan anh
dung quy luat dién thé va mirc do6 phuc hoi sinh
thai clia rirng trén nui d4 voi. Trang thai TXDB —
rirng trung binh phét trién t6t — cé sinh khdi cao
nhat c3 trén mat dat (AGB) va dudi mat dat
(BGB), v&i gia tri AGB dao dong tlir 77,67 dén
125,05 tadn/ha va BGB tir 22,63 dén 29,13
tan/ha. Piéu nay xuat phat tir ciu trdc rirng én
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dinh, s& lwong cay dudng kinh 1én nhiéu va mat
tan day. Nguwoc lai, trang thdi TXDP — rirng phuc
hoi sau suy thodi — cé sinh khai thap nhat, chi
dat 7,63-10,57 tdn/ha AGB va 3,11-4,06 tdn/ha
BGB; phan dnh ciu tric cdy nhd, mat d6 thua va
sinh trwdng kém. Tng thé, xu hudng gidm sinh
khdi theo trinh tu TXDB = TXDN - TXDK - TXDP
la hoan toan phu hop véi dién thé va mirc do suy
thodi — phuc hdi cda rirng tu nhién.

Két qua so sanh sinh khéi — CO, gilta cac
phuong trinh trong cung trang thai rirng cho
thdy anh hudng |&n cia mé hinh wéc tinh. PT4
thudng cho gid tri CO, cao nhat & cd 4 trang
thai; vi du TXDB dat 59,38 tadn/ha, TXDN dat
28,69 tan/ha, TXDK dat 11,02 tdn/ha, va TXDP
dat 4,04 tdn/ha. Nguoc lai, PT1 va PT3 cho gi
tri thap hon dang ké, trong mot s6 trudng hop
chénh léch téi 30-40% so v&i PT4. Trong trang
thai nghéo kiét TXDK, kiém dinh Kruskal-Wallis
cho gia tri x> = 102,53, Sig. = 0,000, la minh
chirng rd rang nhat cho su khéc biét manh gitra
cac phuwong trinh. Cac phuong trinh PT2, PT3 va
PTS5 cho két qua 6n dinh hon va it dao dong hon
gilta cac OTC va gitra cac trang thai. O cap d6 so
sanh gilra cac trang thai rirng trong khu vuc
nghién ctru, xu thé hap thu CO, gidm dan tu
TXDB - TXDN - TXDK - TXDP la hoan toan
phu hgp véi cau tric 1dm phan quan sat.

Téng hop toan bd két qua cho thay rang cau
tric rirng la yéu td chi phdi Ién nhat dén sinh
khéi va CO,, trong khi lwa chon phuong trinh

udc tinh 1a yéu t6 quyét dinh dén d6 chinh xac.
PT4 cho gia tri cao va d6 phan tdch manh nhung
c6 nguy co wdc lugng vuot thuc té; nguoc lai,
PT2—-PT3-PT5 6n dinh va phu hop véi rirng
nghéo, rirng phuc héi. Do d6, viéc chon phwong
trinh phai dya trén dac diém sinh thai, ciu tric
clia tirng trang thai rirng nham dam bao do tin
cay cho nghién ctru sinh khéi — CO, va &ng dung
trong kiém ké cac-bon rirng.
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