55 44 3255 41 " & =2 i1 Vol.44,No.4
2024 4F 2 H ACTA ECOLOGICA SINICA Feb.,2024

DOI: 10.20103/j.stxb.202209162651

AREEAS, JESF 2 T, 25 R, MRS 3T 4 il A ) PSS 1 (4 T U S T A e SRR IS S A 9. A A5 2 4k, 2024, 44 (4) £ 1429- 1440.
Lin DY, Zhou P, Xu W, LiJ Y, Lin W.Carbon budget of different vegetation types in Nanling based on IBIS. Acta Ecologica Sinica,2024,44(4) .
1429-1440.

BT £ At 4 A Y 1 7 U6 R A A K R R S 5

WEKR R B EER R B

L ARAAREBE) MN M BTE T, ) AR i U8 AR AR S R G0 [ R AT AR I 5T 3, M 510070
2 BRI KA AE 5 XU A= B )N 510642

3 M TRl FFE AR R AR ST B, M 510405

FEE ) AR IR A R IR 2 Bl bR e B i P A 0, SRMRBE IR = B LR A RIRR Y T o AR, H AT 20 XA [R) 2%
ARAFL A S TR B S AR R B R RALE S ) Bl S A M AN T . %) K A 08 JE R R 1 AR DR X PN V) 28 6 Sk ol b | 1Lt 2 I
WA T ] YR S PRI L T3 o R bR 4 o LR R MR ol R 5 ) 42, 3 P i 4 0 BB 78 (TBITS ) X6 2020 4F A /8 7=
JI(GPP) JEHIHET"J1(NPP) ARG A J) (NEP) FI RS20 P (R, ) #EATHHL ) FHARE b I8 2 B8 % NPP L4521
HEATIGTIE , 43412 Hb DX AS [ AR 4 SR (R i S S 4 R R R i S 2R AR AR AR, IR 45 SR 6 1, 2020 45 15 04 A [l 4 B 2578 GPP |
NPP NEP Fl R, BJFH{E 23514 1.709 .0.718 .0.596 F10.123 kg C m™ a™' 4 B EAI o GPP i Y2 148 SRR -k NPP |
NEP 5525 (02 111 5 28 bR 11T 28 B AR GPP NPP Il NEP 2 AH X B0, R I8 A [RI A B 2R 700 4 4R 4% H S R 9 Hh i
IL(NEP>0) ,3 J] NPP il NEP Y330 g XU AR AL R (H A RIAH A 2R B 0 PN (B T 2 A I A —BG 8 R, B E Fm A FR
i e 2, BRI A A8 SR A AR R, B, LU TR0 S ol AR R, 35cfiR . IR, IBIS A5 TR A ff bl RS0 ply U AN [ A 245 78
TR 0 AL LA R T 939% 119 S PRt AL 100, , A IR X6 45 e SR (A B DL B4 A KR 25 7E 1.16%—6.07% Z. [, Bk 55 1l
ST I 4 Hb X g I FRARAE S R G0 BB BE T P MR AE S R R R E M E BRIt E S H A,

SKBRIA  ARMRBRMC L ; S A W BB R (IBIS) 5 277 1 s h AR Ak T AR I K % A SR A B X
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Abstract; Nanling Mountains are abundant in forest resources, which have the most well-preserved subtropical vegetation in
the same latitude zone in the world and great carbon sequestration potential. However, the characteristics of total annual
carbon budget and the monthly dynamics of different vegetation types with different altitudes in this region are still not clear.
In this study, four vegetation types in Guangdong Nanling National Nature Reserve were selected, including valley evergreen
broad-leaved forest, mountain evergreen broad-leaved forest, coniferous and broad-leaved mixed forest, and mountaintop
evergreen broad-leaved brushwood. The integrated biosphere simulator ( IBIS) was used to simulate the gross primary
productivity ( GPP ), net primary productivity ( NPP ), net ecosystem productivity ( NEP ), and soil heterotrophic

respiration (R, ) of different vegetation types in 2020. The model simulation ability was accurately verified with the observed
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NPP based on sample plot tally data, and the characteristics of total annual carbon budget and their monthly dynamic
changes were analyzed. The results showed that the average of GPP, NPP, NEP and R, of all vegetation types in Nanling
respectively were 1.709, 0.718, 0.596 and 0.123 kg C m™ a™' in 2020. Among four vegetation types, the valley evergreen
broad-leaved forest had the highest GPP, the mountain evergreen broad-leaved forest had the highest NPP and NEP, while
the mountaintop evergreen broad-leaved brushwood had relatively low GPP, NPP and NEP. Different vegetation types in the
Nanling showed monthly carbon sink ( NEP>0). The monthly NPP and NEP of different vegetation types hoth showed
bimodal curves with two peaks appearing in different months. The monthly R, of different vegetation types showed unimodal
curves with a single peak appearing in summer, with the lower value in winter, and valley evergreen broad-leaved forest had
the highest R, in summer when mountaintop evergreen broad-leaved brushwood had the lowest value. It was verified that the
IBIS well simulated the carbon budget of different vegetation types in Nanling with the simulated values explained 93% of
the actual situation of carbon budget, and the mean relative errors between the simulated values and the observed values of

different vegetation types were in range of 1.16% to 6.07%. This study provided an important reference value for the

evaluation of carbon sequestration capacity and the management of forest ecosystem resources in Nanling in subtropical zone

of China.

Key Words: forest carbon budget; Integrated Biosphere Simulator; productivity; dynamic change; Guangdong Nanling
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Table 1 Information of sample plots in Nanling

i E FEHb 5 T4/ m | WP/ (°) LB WF
Vegetation types Plots Aliitude Aspect Slope Dominant tree species
A H SR Ak \2! 413 i 22 ZRIEH Machilus kwangtungensis . 75 F Syzygium buxifolium .
Valley evergreen V2 421 7] 25 W5 W7 Lithocarpus harlandii . #7 Lithocarpus glaber . & A HE
broad-leaved forest V3 439 PiiE] 30 Castanopsis lamontii \ WA Pieris japonica
V4 843 = 12 HIMX Quercus glauca . K # Castanopsis carlesii, |~ 4 1 1
V5 839 dk 10 Machilus kwangtungensis . ¥ 3 Elaeocarpus decipiens . %' 77
V6 842 B[4 15 Castanopsis faberi . “F-ffift 8% Rhododendron cavaleriei
L 33 2t B AR MI1 920 ARE 30 #if i Castanopsis eyrei. ¥ Wil Adinandra  millewii . ¥ %
Mountain evergreen M2 918 K 32 Rhododendron simsii . K ¥ Castanopsis  carlesii 2 ff FBY
broad-leaved forest M3 925 N 33 Rhododendron cavaleriei . 7K75 X Fagus longipetiolata
M4 1170 R 30 X Quercus glauca RV BAE Eurya acuminatissima . % 77 4
M5 1182 ] 25 Castanopsis faberi T-4E #i Vernicia montana 4% i Adinandra
M6 1205 ] 15 millettii \“F-fA ¥ Y Rhododendron cavaleriei
EF IR S AR C1 1360 R 8 T A Schima superba JUHE Pinus kwangtungensis | X Quercus
Coniferous and broad- C2 1504 N 5 glauca kg Castanopsis eyret , AR 354 Cleyera japonica , T A
leaved mixed forest c3 1398 A 25 Pentaphylax euryoides
C4 1360 ] 35 &K Pinus kwangtungensis | HANA Pentaphylax euryoides | biis
C5 1388 b 35 AK Schima superba Nk Castanopsis eyrel BRI A Nothotsuga
Cé6 1517 N 33 longibracteata %3 T#HE Castanopsis faberi
LT 2 o - S Bl 1698 [Eld 15 BF S F] Styrax japonicus ¥ Eurya japonica .75 X Quercus glauca .
Mountaintop evergreen B2 1691 (it 20 /DAERE Cinnamomum pauciflorum 475 llex chinensis \J& % 7 J\
broad-leaved brushwood B3 1687 Pisl4 25 A lilicium ternstroemioides

#x2 IBISHEEADPAREEYHAER MBS EESEH

Table 2  Definition of some physiological parameters of different plant functional types in IBIS

Rubisco AR AR M 5 B PR YRR AR R ] [ZIIES
HHYhfER Maximum Rubisco Soecific | f/\ v Residence time of carbon/a Allocation fraction of total photosynthate
Plant functional types capacity of top leaf/ pect 1czea are i i 2% - i %
-2 1 (m*/kg)
(pmol CO,m™"s7™") Leaf Root Stem Leaf Root Stem
AT H S A
. W.EJKH i 40 25 1.00 1.00 25.00 0.30 0.20 0.50
Subtropical evergreen broadleaf
AT B
W,T e . 40 15 2.50 1.00 25.00 0.30 0.40 0.30
Subtropical evergreen conifer
[=es o
HRA 28 12.5 1.50 1.00 5.00 0.45 0.40 0.15
Evergreen shrub
CoH A C; grass 25 20 1.50 1.00 — 0.45 0.55 —

1.42 IR

IBIS #5570 o (1 - 3 Jo b A5 Hs A 8 V0 s 5 f R B i FIORS R 5 1 0 L, B SR VR T AR R 08 B AR
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Fig.2 Major meteorological data from January to December in 2020
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Table 3 Percentage of soil content of each soil layer of different vegetation types in Nanling

T 0 B ik +JZREE Soil depth/cm
Vegetation types Plots Soil particles 0—10 10—15 15—25 25—50 50—100
apasEe i Vi bR 43.29 46.75 44.50 47.10 59.95
Valley evergreen V2 biiE A 28.16 15.81 25.12 20.58 16.65
broad-leaved forest V3 g 28.55 37.44 30.38 32.32 23.40
V4 U2 A 66.71 60.98 43.08 62.82 51.16
V5 g 13.72 17.22 33.34 13.33 26.70
V6 bR A 19.57 21.80 23.58 23.85 22.14
Lt 2 e b M1 kL 54.26 51.30 42.31 46.34 43.93
Mountain evergreen M2 g 19.51 22.38 23.82 19.64 22.98
broad-leaved forest M3 brag A 26.23 26.32 33.87 34.02 33.09
M4 i A 59.44 69.97 65.16 48.01 57.24
M5 Kk 23.14 16.05 21.27 35.05 27.99
M6 bR 17.43 13.98 13.57 16.94 14.77
L BRI Cl kL 66.60 68.36 57.87 61.81 62.63
Coniferous and broad- C2 Fki 13.02 12.05 22.26 17.14 14.49
leaved mixed forest c3 biiE A 20.38 19.59 19.87 21.05 22.88
C4 kL 30.46 44.10 43.36 49.75 57.03
cs kL 57.03 40.84 38.09 26.68 24.24
C6 Fki 12.51 15.06 18.55 23.57 18.73
LU TOUHS 2l -2 Bl bk 52.76 59.51 62.68 58.57 57.83
Mountaintop evergreen B2 Hki 20.12 16.36 14.75 13.85 16.84
broad-leaved brushwood B3 Fi 27.12 24.13 22.57 27.58 25.33
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F4 BERAREHLBNEDRERES
Table 4 Carbon storage of plant debris of different vegetation types in Nanling
g o FEIFRARTRAE B Carbon storage of plant debris/ (kg CA/‘mZ)
Vegelation types Plots 1 v - ENDLA:N FET- 4R
Litter Woody debris Dead fine root
R eI Vi 0.215 0.804 0.059
Valley evergreen broad- V2 0.219 0.265 0.060
leaved forest V3 0.183 0.311 0.088
V4 0.136 0.135 0.079
V5 0.205 0.480 0.074
Vo6 0.336 0.677 0.076
L3t 2o o - M1 0.266 0.328 0.075
Mountain evergreen broad- M2 0.232 0.068 0.060
leaved forest M3 0.158 0.264 0.065
M4 0.175 0.051 0.087
M5 0.215 0.404 0.092
M6 0.198 0.312 0.078
NG RSN C1 0.175 0.074 0.028
Coniferous and broad- Cc2 0.230 0.038 0.037
leaved mixed forest C3 0.119 0.164 0.081
C4 0.190 0.709 0.097
C5 0.210 0.248 0.106
C6 0.203 0.653 0.106
LT3 &t i - b Bl 0.151 0.052 0.038
Mountaintop evergreen broad- B2 0.165 0.112 0.065
leaved brushwood B3 0.142 0.043 0.059

1.4.4 FEAIGIEEHE

ARG RT3 TR b R A B0 (1) NPP 345 RO IIF TBIS #5574 (1) NPP BLfIZ5 1) NPP £l B 4545 h
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A BAR LA (1), FeARAE ARG 2017 55 2020 4EREH PN TR AR AR ) B 2 22 4R
BIED AI(2) o FeARA Y I AR P TG ST TR A A AR i 2 R, R A 4 e 3 R A U A A
s A AR A KRR Y ARRYE T R M S 2 BRI AT Y AR (3) ., AR
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Fig.3 The observed NPP and the simulated NPP of IBIS
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