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Study on the long term changes of carbon and water fluxes during the

early stage of natural restoration on abandoned farmland in karst region
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Abstract

Rocky desertification is the most serious eco-geological environment problem that
restricts the sustainable development in Southwest China karst region. After entering
the 21st century, through a series of national ecological projects, the deterioration trend
has been successfully reversed, and the area of rocky desertification has decreased year
by year, and the ecological environment has been greatly improved, making this area
become one of the most significant greening areas in the world. Its carbon sink effect
has also attracted wide attention.

In this study, the converted farmland site in Puding Karst Ecosystem Observation
and Research Station was taken as the object of observation. The eddy covariance
method was used to conduct long-term continuous observation of carbon and water
fluxes during the process of natural restoration. At the same time, combined with the
auxiliary observation data of climate, vegetation and soil, this study attempted to
quantify the magnitude of the carbon sequestration as well as its main control
mechanism during the early stage of natural restoration in karst area. And the
interannual variation of evapotranspiration and its main control factors in the process
of vegetation restoration. The final goal was to provide data and theoretical support for
the follow-up regional ecological restoration policy. After long-term observation and
research, this study mainly obtains the following understandings:

1. In the initial stage of natural restoration, the vegetation biomass of retired
cultivated land showed an exponential increase trend, and reached the level of
plantation in the 10th year, and the number of tree species exceeded 30. Meanwhile,
the biomass potential was much higher than that of plantation, which proved that natural
restoration was better than plantation in terms of biodiversity and carbon sink.

2. Using the space-for-time method, it was found that soil organic carbon in the
surface layer (0-10 cm) of the returned plots increased by 4% in 10 years compared
with that in the non-returned plots. This result was consistent with the international

initiative of increasing soil organic carbon by 4%o per year to offset global carbon



emissions, but the soil organic carbon in the deep layer (10-30 cm) decreased by more
than 20%. The results indicated that soil organic carbon (SOC) showed a downward
trend in the early stage of farmland conversion in the karst area, which may be related
to nitrogen restriction.

3. The net carbon exchange of the ecosystem showed an increasing trend year by
year, which was mainly controlled by the increase of biomass, which was in line with
the classical theory of ecosystem succession, and was less affected by climate change.
The interannual variation of ecosystem evapotranspiration is mainly controlled by
climate and is energy-limited, that is, the actual evapotranspiration is less than the
potential evapotranspiration, and the potential evapotranspiration is generally less than
the rainfall, which is consistent with the results of previous studies. In addition, using
the Budyko paradigm, this study confirmed that the evapotranspiration of the ecosystem
would decrease under the influence of rainfall when and only when continuous drought
occurred, which was related to the rainfall pattern under the control of the subtropical
humid monsoon climate in this region. In the future, the increase of extreme rainfall
and the decrease of effective rainfall might cause certain drought stress to the ecosystem.

The results of this study provide direct observation evidence at ecosystem scale
for the feasibility of natural restoration and its carbon sink effect and hydrological effect
on degraded karst ecosystems in southwest China in the short term, and also provide
effective ground verification data for more accurate assessment of carbon sink effect of

regional ecological restoration projects.

Key words: Karst; Abandoned farmland; Natural restoration; Carbon flux;

Evapotranspiration
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IR AT AR A 2 H A2 BT I I 6 B K Pk (Wang et al., 2023a), 98
F T T4 BRAR IR (1) S AR DTz 72 Rk [ K 2 T, ABAE J H AR B KRB HET
[, BRHECEZ 4 BRT 30%, R HEE JJE K (Zhengetal., 2019). MiE Lz A FkS
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Figure 1 Comparation of carbon emission with terreatrial carbon sink in China



L A0 X5 7 A A BRI AE € FARD A IR F 23k B/ C O ¥R B WM i 3
3% 2010 % 2016 F-F3H E A7 R Suhri ik 1.1 40.38 PgCla, AJHLIH [ BA
SRR 45%,  Forb e AT AR AL AR X BTk K (Wang et al., 2020) . fi 2 i 7k
WA 5 (4] DA K T 22 S CO, Wk B S i A3 21 2009 2 2010 4 [H [l AR 75
RGICA N 0.21 PgCla(Zhang etal., 2014a) . AHELZ T, 485 BB 98 B1BA3E Tk
SUETEIS 3 2006 2 2009 F A [E A S R ST RN 0.35 PgCla, T
VA 2RI A 0.33 PgCla, M 2 AW & (Jiang etal., 2016). AT AMH AT
FEHITE CHAR) b BT R4S 3 1980s Al 1990s F [ i A= 4 R Gl
4 0.26 PgCla, K&y ml HEIH [F) 1] 33% AR HIHCEE , 17 2= A e A A vk 43 317 By ik
174 0.18 PgCla(Piao et al., 2009). HHYX )55k T 15447545 2] 1961 % 2005 4+
i AR 25 RS- 4 0.18 PgCla(Tian etal., 2011). it bk&sde (H FK B
PR ) TR 1045 31 1982 % 2010 45 [EI it Hh A= 45 R GuiiLF45°4 0.12 PgCla,
I H 2 BLSEI 5 1 k34 (He et al., 2019). T St HAIF 70 [ A FH [ 368 55 o 0 )
Kol 45 A 08 BB AR 57545 3] 2001 & 2010 4 Hp [E fl A & R G
4 0.97 PgCla, (HHIT N NESNIE), SEPrRICAN 0.41 PgCla, i B 3K [ Fili 3
S RGOEE BRI /1(Wang et al., 2015). 746, THESEE (EEFE
Beletl) ERIBTFERET 2001 2 2010 FHRE N KAETKE TEXIICE 0.13
PgCla, * Tk e ik AR A HE/EH (Luetal., 2018). & RFET 7T HIRAFE T
A EE YA R RN 1977 2 2013 SR EIRI P44 0.1 PgCla, HH
74 R b [X AR R 1 s A B 2 (Zhao et al., 2019). S ANAS [T 78 2% B R Sl k[ A%
BRI 1SR AE 0.19-0.36 2 [7] PgC/a(Cai et al., 2021; Yao et al., 2018).

28 LRTR, B AES RGBT E R EAE | LRl R R T,
I 2 2 R ORI 25040 AN B HE TGS B kAT S A 3 X R, S5
T ) D b T R0 50 A S A AR R AT FRORE b A5 38 X3 R BRI o A ) 2
K A — JNEA R B IR A [F) 5 A A R IR R 2 5, BB ki
TR E AR E TCA T VA E SR, UL T AR S R G
FEFIHLAIE A 56 AN URIE 28 o 5 i I A7 SR 5 e AR AR AEL A8 () LR AP R S 43N
EOR, (/3 E R AR 2 R G0 [ b Ak 045 3 35580, (H2 B T HoE BTl A7
FEARK AN E VE(Chen et al., 2021). A SEINAE R 1 DF Al AR MR R 3 BRI BRI
KN e FASRARAE ST B S8 S B v At &I & EE K (Feng et al., 2023), T JF
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Je T3 R A S 7 2 12 400 2 T R T 7 1) 2 —

b R 7 R X 22— R ARSI AR TR, KR S U
R ARG 3 o TR IR AR TR SR E B U7 e rRr b X 1999 & 2017 FAEK
ZEE MG T S5 N 69% I N A 81%, SEAERAY BN INF R AIHIX 2 —(Brandt et
al., 2018), FAlE = [P BiM =44 2001 AEF 2012 FHL FAEY) R RS
$# ik %] 0.05 PgCla(Tong et al., 2018). XIEAFEITTE (EHAR) A& LA 7K
2010 % 2016 4F-F[H 7 mg Hu X [E i & 7]k 0.35 PgCla, £ o4 4 [l ki B i 1 1/3,
HEFRELERAER LKW, MR DA SO ™ B KAl (Wang et al., 2020), iR Hf
5% HH 5] 175 g 5 07 b DX AR AP P S L S BT 08, L P R A A o
RI38% 0 EL A B TR, (H A 2 AT A AR A B 1 384 0 T R 2 5 B X I 1
7 EERA .

TR XA R B R BRI N A A2 0T, L sk
S5 FH 2 V) B ) 18 75 V20 756 =2 AR A I SR AR AR A8 1 AR B T R A A LR B
S A AR Y R R R Y, AT DL REAR R I 8 thha 3N Z= TR B BLi
167 t/ha, “P¥EIxR5EE KN 128 gCm2at (B 52 RS, 2015). W &7 155 xS v [ 74 g
[X 318 MM R E S R EoR, P FAEYIEAN 134 tha, P T AEY)
4 28 tha, M AW EEBEAEES I INTTIG A0, Hh R AR A R BE S S 0 S
(Zhang et al., 2016). R[FEIEFEE T PR rRERIIX 45 BApEti i) 4, 13214
RS 8 S AR PR B il U SRR (86 t/ha) <I #4bk (11186 t/ha) <14 4K (11286
tha) <K (14986 ttha) <iT ¥tk (24486 t/ha), T LAKHL 10 & 20 4Ef ik
PR B L B PR R B 1) 74%, 35 P W B07 R AR bR 5 e R 0 £ 1T 20 48
WECRZE (P55, 2017). gt 7 B BB 3 A 4t 11 2 VA 3103 s R Ll AR
WRTE 19508 WRAR 5K 28 At AR WIE 2ok 138 thha, 13 B K AL AT By ] Ak
%174 139 gCm2a™(Liu et al., 2016), 1A B (R 15 2195 & B 5K B IX TR AR bK

(B4 60 45D M AEW &N 123 tha, S5RBIAES A A 45 RN —F(XIT
WEE, 2020b). MEBVKEBR T o P ECLAR S AV R BREE IR I 4b, ot -+ 1%
Bt FoE AR AU RN 5 T BRI AR AR R o L 2 S AR AT 7 T AR 178 o o 3 ot i
Bt CHARWED RIRTFRBL, Bl MRS AR 2 BV 38 n, 1@ B L
JR SR W (REE, 2016), JF H ASAIKE X T L 8eE HLsE i = 07T

ANTLWE (Huetal., 2018), Z8id 13 FEHAESTKE, B FREAT E SR E 4 50T
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15 3 WL & BT 40%F0 50%(Xiao et al., 2017). J&IE BT 6 M3 € Jo 28
TR T BT T AR AR A LR & B v TR, U AR 2 S B
T IFEE NG IN (KIS B4R, 2017). 17 P AR 5 BT IOA T30 7 7K - e il o KR!
BLALM A6 17 ORI 90 I S0 1 [X = R FH SR R0 B R 6 o A RE Bk A e &
TERBRIC BA A EE AR, BEEEIRE GBI BEEm, 155
AR UL SR AN 3 SR BRI 2 AR SRR A O, BN A R T R R MR R s
WomEE ) 1.8 %, A% 17 gCm2at (Liu et al., 2018; Zeng et al., 2017; Zeng et al.,
2019).

Zi B RTIR,  H R T R b X RGP G I R A KRR, HZ2 AT
VRBR I, K2 SOt FUAR A ST AR R A A IR PR AR A S I RV AR
BT L TIREAL, BEFALEE RAR AL, Sz RS REURE BB 7T . SR T v 17
R A2 S RGUBAEI SR -E- - R-AE R 2 BR 2 I B R R (R IARSE, 2017),
For G WS TEALBRAE R AR RS & LA A=W 5 AR 00 2 1R R DR I S5 R A AR KT
HABFE AR S RS A% (Maet al., 2019), {545 # 7 rth X A 4% Pk & 5 20U ik
TERN 2 TT T, T S AR RS Z G008 A0 PR 4 A4 A B2 R dE 4725 B AT (Chen et
al., 2023). 5i4bh, KGR SRIEIAFVIADS, HLanwE 7t K B AR UK R A& S K I
2 B R AT AL 35 (0 2 ) S TR v, P K VT ISR I A Tt 4 32 B2 2 AR A A
SRR S DU A, I PG PG IRt s B T B2 T B %A (Hu and
Mo, 2022).

KT AD RGBT TR 2 DL A4 (8] 1) 70208 3, ERGE PR B 2%
PERE R O N R BUR HE R (HEREERE) KREFS], /TR RAES R
G S VBRI, (BREREEA IR (HEFERE WESRKRGRUER,
RSl e AT B AR B A AR AR AR S R G DR G i, 7R EAE 2 Rl ik
BEAT JEAL IS ZE 22 I (Nandal et al., 2023)



1.1.2 STHE ARG S R AR 1Y

] 7 g o R b DX A S S, 2 N1 BORRZ M, EIERH T BUA EAL
(FEHFER, 2015). A A0AE A A X H BRI, Rk v itk 2 9, 5
FEALT7 A R A R A ALV B, T 2 R P e L X 2R U AL g 1 R R
B RN A SO B (/MR et al., 2020). A7 AL RIFE R & <Ze A s, i 2:
— AR I P B IRk T, — BEREA N TG TR TEH T JE S nT e i B
HEL— T K R ARG — T NS . S, 1994 4F 3 S b 323k Bk 44 6 b [
FHERE b L E B4R ae 1 COF PR & L XRHE ST s 10 (R 2B
230, 1994), SIS T ERKMEAN . “PURE A VA X A AL R A VR F N
“TICTHRINE, BB I PN ISR B, b K R, R
VL XA A EE AR B, A A AL SR AR E AT B T B A (G 2k,
2008) . 1S il £ P 1] 7 R b [X T 4R 45 e e 77 P A A A 5 ) (.
A, 2003), & — RAIAESKE TR, JURGEH CHR B, A5
TR Hh B N SR 13 75 km? FREZBIH AT 7 75 km?(R4 etal., 2022), H i
PHRATEATHAR R KAy, PEREA AR R ALY, 2005 4F /2 45 2 s 4
N &5 B RIS i 2 A1E 3 o, ANH. @i MERIK
B T B e AR AR AR S5 R (22 FF- et al., 2009).

T T T T T T T

1 —— 1tk

15 —— A _
| —— &
IR el S8 Tl S B A 2 S |
NE | “. :
3
= 9 _
x|
E _
3_ - -
1 — —————————7‘—7_
° — 1 ' J T T T T T T T T T
1700 1750 1800 1850 1900 1950 2000 2050

i

Bl 2 D348 32 R B AR 7 5
Figure 2 Main land use change history of Guizhou Province
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Figure 3 Population-economy-ecological relationship transition in Guizhou Province

TERBIEMRB SR T, FRIE 1999 4% 2013 B HHEMTIFIE 9.3 /7 F 75
AR, FRIIEWIE 175 5P~ B, #lE ik 3.1 5P AR, BNk 4449
¢, 2014 % 2018 FRFHLMMANIL 3.3 T FH AR, HpHk 25 51T
NI B EEACR H . SN AL TT R, 2000 4EFF4E E B HHEAK, 2002 4
FEAREIT, &4 EER LR PHEAIIA fr, HH—FIR P MIL R TR SE
TS f K IR 48 473 2008 4F LK, S 3% 4 St LA FEAR Bl i AR . T &
Bl R e ANRKR KGR TR B N A A I A A SR G B LR . LA, sk
it 7 R ARPR G Y ORY AN ERYL I 97 M A 22 R A0 S ML AN A 25 i 1 o AR . SR
15 25T R A BRSO b2 5B AR 9 30%(Liang etal., 2020). 51 E
IBHF 1.34 75 km? Bk, H—5IBBHMTSATA 1.13 Jj km?, AR AR BN
1.32 75 km?, AHE>25 Ry HHh A 0.82 75 km?, ™ E A7 AL 0.25 75 km?,
TG Y 0.22 75 km? (2B etal., 2022). Wi 4 Fros, B S AR E
RAFAM & KRG ELE AREIE, S8 20 % 30 45N A G bR &
BRI 14 75 km?. 7341, 53JH4 1984 & 2015 4F 7 IR GRS B4
PR I — 2P 0 R AR A P RIS, AR F] 10060 X 3 5 3T B
P, BRI ERAONE, P4 28 tha(Qian et al., 2021).
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Figure 5 Population change of Guizhou Province

ARARANAR A = 3 0] FH 2R TR (0 A0 LA A 52 22 R DR 3 A2, el oIk R 404k
SR ER A B TG A B FER Y, 8RR A 2 I3 R 1 2
(Mather and Needle, 1998). 34k, AMFHEHR DL K H 9K 9¢ 56 1R 2B 2 (R BUR SE
TERRMIR SR, 2 M id BAR AR AR RS E n,  EEdn 1998 F KLt A A4
R, 2 Ja A A 2 AN SRR 58 O B AR b R ) 3 20K g, [ I e
AR 28 50 3 BN T IE RS A 45 o EROGE AR i IO A T ok tha A A5 AR RS LUK R
(Lietal.,, 2019). il 5 Frax, SEMMAERF NOEAN 21 45 2 FFES, 5%
THE AL 700 Bk . BRELGFESAE, AN ANORIER, H 1990 47
GE B 20 AN I L IXCR HEFERFEIL AR (Zhang et al., 2014b). 2001 % 2015
W FRE BT T VU R L XA IR B L2 10%, THIARIL 2.24 Ji~FTT A
H(Han and Song, 2019). Bl xfFE 4850 4% 7 IR AT R, X A& HEH
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A5 BR K 55 3 BN BB B R - (S AL B 2 v, ST n 1
HEfRT= Hi(Deng et al., 2021). [FIRF, #E5EHh IS R MR O A S
M52t (Crawford et al., 2022), Fir LSO TP 2 v e A B SOG4 35 &
2 T B E AR SRS BOR . LR o KPR B D B SRR T SR AR A AR A AR
PEN) 2 BEVE IR TR .

PEBEAR B 382 5 (0 SRR S R A G AL 2 B R — 0y, R AR 2 HEVEIR
PR RIVES RGIRS RN EE T Bz —, FN R EE™
FNAR PR Bl 7] 5% 2 (1) 55 2255 55 (Chazdon etal., 2020). A 180, 3 i L2 5
HOR B FRRE M, MR PHEMRE A B WE TR — e A R MR T R,
AR RN ERR B AR 2 T K, S8k 2030 AT RFSEK JE H bR w5 kAT AL
(Qiuetal.,, 2022). FIMA RLEMREIE T~ X A8 FHIX, W77 IEE
TP NBIE RN (M) and JEZ, 2021), @i 6 foR, ST/
NP A B AR ME, (ATE R LA 2 A B BHE TR T REIm FAK. Bt
P 7S EER ARV 7= 35 R HAE J1E I 73%,  EARIE I I ANE 2 i AR AT
A FETEAS ), fH 3 A 5 DX URDRR AR Rl 1l A0 Ll HR £ Bk 11 ) @ (Liang et al.,
2021).
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Figure 6 Comparation of grain per capita in Guizhou Province with the world average level
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Figure 7 Comparation of wood supply and consumption in Guizhou Province
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ui X A 168 i, T 2014 AF N A EAEASHF TN LS (CERND. ¥ Euli T 7E X
S T AT 2 R S, 2P 15.96 °C, fEFEK R 1432 mm, 4K
FHAR ST S B 4139 MIm-2, 4E H BRI 4L 1046 h, >0°C HIARIR N 5828 °C, TLHEI
340d. X FTEH DR LG RIS 2, FEAHS, JON. W . A
o BHSRMDUARE N E, RO, SRR RIS R T E
FIHX AN, FEHT 2010 AR, BB RT AR VR SRR R4, aniE 8 iR,
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BB RG, IE X NI N B B AR & EE2 0 22%. 44%. 8%.
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Figure 8 Vegetation succession on abandoned farmland at Puding Station
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Figure 9 Location of the study site
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Figure 10 Flowchart of eddy covariance flux data processing for Puding Station

HoA BRI A ORI, B B LM R 5 KR M R g
BB RS T7E, B B 90 AR URPGHOR L (1 B Pl £ 25 &R
GeaAEIAT T, HETCA I 30 A BT ul AU R T, 2 it s
& e LA IR AR 732 (Stoy et al., 2023). i BEAH SRR 22 i@ M e
BN 5 COp % Mk, JEATRE T ZA B8R /Fou— Pk im i e it
Wt R A7k, HAR R RAL TEPsh A S KR LI . B ARAS T H HF 7C
DX BBV R A, (EE I AE AT R R AR R A i, D3R e AR B E
FISE RIS SR o Ao R e A A R AT AR ELIGAIE, T DAORIERTE T4 R
ICIEEY2

e i AR AR R AR OC R T 2015 4F 3 H 15 H 23 iiik s BRIt T
BRIE R, RS F E % Gill WindMaster — 48 75 XU AR Li-7500A £L41
ARG HTACUL K Biomet System # MGG WA ARG, =y 24 m,
FERGEAL S LDAM AR AT, R AR 23T 13.6 m midkd, L3RR
MEHET 10cm. 20cm., 40 cm BRAL, BIEHGE R T 10 cm iRAL. WREAH
KIF B RAFANF A 10 Hz, @RI 30 8h. FFERIREAC RGN
JEUR Bl B R AR &8 B AL S AREE, JiR0y 10Hz, R EEK A Eui
R, LRI TAIEIRE 1 he eI UG HdiEid EddyPro Hfidt AT AbHE,
TRAUFEAFEERDIER 0 AAbRER . WPL R, 304, BEdrid. 2l
iR, b ARbRe R I ] R AR bR e RS, TR SR AP 258 IE REddyProc
FELEREAT, ALFRBLIR B (R0 ke . BRI A 1R i #h LS B8 97 23 (Wutzler et all,

11



2018). M1 TGl IR SN B, WO AT IR A e ] R R e e . R
DR~ B s .
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ZRAMRRE BIBRERERIDNEEE.  BIRHEERfE BEHE AR B
BFRGEMEE  BIR(E B8 TossiiE. FnEE4E HARIEFH
EEMIE  NEERIFR[-30. 1012 4MfE. (10RFHMOD HERT
MEEZE  DRARAEREAGHRE.
FAEFL LEZIBE[O. 37012 7h4T%E
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B 11 8 v B AH D B 2 s A B AR

Figure 11 Flowchart of eddy covariance flux data processing for Puding Station

1.4 FFREX

FE X IORUBE b, 38 i 488 26 B 80 1 17 g o S0 Rt DX A A9 7 2 A AR ) oA 3
SEAN T DRSS I 445 2 B DX 4l ROBE BV 7 EE A A o i T BEAR SR BRI
HitaE S AT AR A S RGNS BRI B AR, AHLERANIE R AR B
HZIIERR, AR E BT S BRI 08 /N R AR £ J oAz il R 3%
i B B AR LIRS T AR I 65% I ARMON L 44 AR (Zeng et al., 2015), fH
e 8 L 3 UL ) ) % AR P £ Sl XS 5% 22 DA B R, AN 2 )« /NIRRT
ISt N PR 2 A LN RN TR, T 06 T B SRR ST AR AR AR 25 R i &
HF FEIL AN 2 1 (44 9855, 2013).

P EFEAE 2018 £ 5 A 18 HE 19 HAH K& EASHEAY Ke L
HH BT A A 245 S A R 6 0 R R AT 6 TR N, G AP U R R NS B AR
FIVESEA, WREFITAMRS. RIS BRMKE A LRI . RS B A E
AR, AR R R K AR A B N TR AR B s (R PR LR S I 22 4
A2 RG0S5 DiBE(Wang et al., 2023b).

ASHIF T At 6t B[] 1 g W 37 e DX 3B B3t £ SR A2 T B KB AR A AT K
1 E S RLINAIT 5 X6F T 56E DX A A 5 TR BSCAR BAT A% N R 7K SC RSN T A g2
BEEFEESE . a0 F PR, BHRA RN TS T — ARSI TR
PGIA B DAL T B SRR 10 7 TBEAT IS 3 2 B S (MR A, RISt m] DL 38 ] e e
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Figure 15 Prevailing wind direction during rain and dry season
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Figure 17 Precipitation contribution of different rainfall intensities

WK 17 Fras, L2015 % 2020 4 4%, 7L IXAEIR 16.3°C, HAmZEF
BRRE 21.4°C, RFEPIIRE 11.2°C, LW RFEPRES). WEARERSSIREH
XF, P19 81%. MZE TR MRS 2541 MJ, R KIEEN 12%, F2FH) Mems
1288 MJ, B KBl 27% . /i 2=~ 2 [ /i & 1070 mm, 2P £ R & 211 mm.
i 16 pros, FEREERRL T EZ RN (HEREET 40 mm) R0,
SRR SR, WA W& 25 0] U 500 mm, F352 7 03E 100 mm. F A
2 B T 7 i DX T A R A S I P& 35 (Liu et al., 2014) , {H K 3 [ 7 (1%
MR T 95% 7 hr i) RIS, CAST MG, i P X A o o 58 1) D ik
1T 1/3 (Zheng et al., 2022).
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2.2.1 FEHUAE B A 12 AR AL

AR AR, S MR AR 70 A, SRR 19 B FP AL 08 PR AT
EELENNAE (DBH) AZALWLIN, & 18 fira, W] L AR08 0 32 B8 A2 R 2,
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A
/ 4
> P =
1.0 L =
74
// -

0.8 7 = =
E /
506 A
I S
= =
% 0.4 PPN — : =

0.2 / & =

0.0 + 1 T T 1" T -

5 .5 % &2 0@
AP .62 0P & »\’L &° »\'L NV

S s o'\% '@'\g S s 'L&:\ &\

K18 FARK R Rt 08 BRI AN 12 Z 1 A2k

Figure 18 Records of seasonal changes of DBH for 98 trees at natural regeneration site
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Figure 19 Average DBH changes for different tree species during 2019
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[l AR /N A 3G B 22 S ok, MR AR B KN SR B B R, Bk
ERARL KR LR, . B AR SRR AR LR, . AR Rk
S KNG, B /N AR B R T RO R A A K RS K . AR s,
K 20 Fios, AT RURBLIAR KNS e g in & e o g — i,  HAEE g
FERONFRE, HEMARMERIREE, KO AAKE B T 22/ NMES R, A4
KARBEMRAE AR SRS A AL B, X E TRV SE S AT BV . A8 e A H )
IS (R, NS N RBE AR, VA XN RS 2 R S BURE R 4L )
PR Z REMERE 2etk, AR 2R AR A, 5 e Bt B A4, it 22 4
B 5 ER TP, A2 SRR A 3 A AR AU 8 1) B AN A 20 A e A1 23 )
AT 5 HRE AR R NAE BRI et al, 2022). Xtz R A MR FHIT 9T IE S
M IX /N AR B SR B HAT S 35 5, R 2 A R R T A B 1 ST K
SR B¢ K (Xin Shen et al., 2022).
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Figure 20 Seasonal changes in DBH of neem in different niches
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2.2.2 FEHLAEY &AL

H 2010 F@LRHIAEHIET BRI S, RIE T 1.3 AWMRAER T, 7
B 2012 4, 2014 4, 2015 4F. 2017 4F. 2020 4E 1 2022 ST T R #E A T
fEo FET LA L 6 UCHE B R A H50H , AR AR i A XS 2 1t 2 A o e S 1 Sl AR K
FE, TR TR AR RN, 0 21 FR, HEAERE R A YR LE 10
SENIIIE, 2012 SEAYIREICHN 8 tha, b 2022 fEIAF] 40 tha, HE B
Hom N, BLAE AR S 10 4 A B TAARAEY R KT M SRR
i 50 A /e A A MRl B AR 208 140 tC/ha (Liu et al., 2016), 4ZHEAEA R
S5 B R, AR ST REH H AT I AL TR R B B, AR R IE S AT PR

180

T T T T T
— HRH ]
— SREM
AR 7
L ibvE BRI .
o BTERRALREM
120 4 B

150

90

Biomass (t/ha)

60

30

0 I 20 I 40 I 60 I 80
Age
21 5 Nk E AR RE A A A
Figure 21 Biomass change at Puding Station natural regeneration site

FINIREBH SR A FE MG TR (1999-2018) 3 B 4= [F A bR A% it = 18 0
6.6Pg, RIAMTTMR 65%, FESGARMMAMIGINAG I, Hrh RIAMERE B2 69
t/ha, AN 44 t/ha(Liang et al., 2022). {HEAZERE T4 [F 762 N K IRMAE 4T
Wehg AR, RKILKIRMIRE BN 80412tC/lha, A& T LRk E 5 160-
198 tC/ha, FFARHEARAMBIAE B 5 H K 0C R A3 2010 AR Fk B R SR MM R fifs &
N 9.4+ .5PgC, AR [E Bk 114 8.746.9PgC, % 2100 4F ] SZHLE BRI 11 70%,
H 3 B4 b 7R FR [ 75 F i [X (Chen et al., 2022b) . AR, E AR S FEH H A AE
W E KRR T2 E 5K, KRS B K.
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2.3 TR A LA

g v IR FEREHL T 2010 EIR B, AR FCIRBHE LIEA NI S B, A
TFFUR 3 ()45 (6] 7V, T 2020 A5 BB b A S8 3 AS ) - 3 R FH 2R AN )
TR 3T T RAE AT, R IEAE R IAREVE 1) FOR AR st B, BT T
3YFEH, FEAFEHBENLERE 3 AN RAE AL, BEASRAE SOF H LA = AN AN R P

(0-10cm. 10-20cm. 20-30cm) HyIEHE S BEAT A It 53 AR FH AR ] R
BEJTVENT 3 HUBBHEE L. 1 BRI AR . 1 B TR . 1 Bl SE R, 2
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Figure 22 Soil organic carbon, total nitrogen and carbon-nitrogen ratio in soil profiles of different
land use types at Puding Station
el 22 fron, GBAF 10 A, BHFBRE LIEAPIBRBORIEHHE (KD
H 4%, H RR 2 20%. 26%, RUEPHIIN LA LR S T S,
AR A CAH RS A N o I B A3 CELARAIR A e ek & &84k
FSmAR T H AN AR I M, [RI SRR R KT 30 em, SR BIAK IR B S 4%
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ANUBRIGILIE SR, B BAKRE BOE R R AT . 3o %) s A B
Ho bR R AR R S, EELS RIS B ELE A K.

R R AR N A HUBR AR R A0 78 FTIE S, (EAS R XA [ -39 4%
AT T 3 5 222 SR LK, G PR ot PR S R AR SR M x5 SR T SE AT E
(Beillouinetal., 2023). Etind T4 181 ANREM: - 3FA AR AL, IF R BHE
PS5 RS RIEA N S B INES, HERZE (0-20 cm) BEm TRZE (20-100
cm), JEHTE 40 FgaTiag, REEANRRFUER T8N 339C/m%Ya, &
JZF14°4 38 gC/m?/a (Deng et al., 2014). XF % & BRI AR B R 2 LA HL
B )R A I 0 AR AR R A S A LR & B AE 40 fE N BILTH &, 11
FHEE R 2N 12%(Chen et al., 2022a). 5540 v B rRE st 20 13 4F
WIAERS TR, BRI AN B SRS 70 0l A HH 3 ML B Ty 40% A1
50%, 43 e I3RS TR 130%F1 117%(Xiao et al., 2017). #5 -t &= R X 7k
MR S8R 3G DL RF 3R 1] IA 75 gC/m?/a(Zhao et al., 2015). Hi 75 B
IR #F R JZ 4% (0-5cm) [EBRIEZ 210 66 gC/m?/a, H AT 10 4 Bl fiok 2 /5
ik 104 gC/m?/a, Tfi2J5 10 SE[E B3 % N 26 gC/m?/a (Wertebach et al., 2017). &
E AR 75 454 3G WA 23858 S 49 gC/m?/a (Ashwood et al., 2019).
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2.4 BRIBEZL

S8 AR SR AR SR 0 v P DL S AE e 2= v AR S A P o A SR L Kt »
W Kljun f7ELZR 2 2R 53 4 T EL (FFPonline), 75 100 I 18] 2 47 & 78 STk X
oA, Nl 23 P, HidEESA T RO A E, T BUK LT 80% 7 47 i 2
HETTHR X 70 AT T8 R 200 KDL, 1 B E B U I it 1 BRI A M

P 23 3 5 vl 90 B R Sy 3 o O <k 32
(L2 N ZE AN B E 10%E 90% 228 Tk [X)

Figure 23 Footprint of eddy covariance flux observation in Puding Station

(The red contour line form inside to outside represeant 10% to 90% footprint contribution area)

i 24 Fros s R ARG R AR RGUEcH . (NEE) SR 4RI R A1k
o0, HAREALARACR B/ 70 R (i B H AL 00, AR H 2
B R ZET RGO, O XIARRAS RGEAER A CO2 HIEFEIL, i X I3
REBARGHEAR CO2 HFRN. TR Bl & 2O K H . AR
ik, W2 F RSO A (B B JBOZ e T 5 2, SR IR A S R AR LR
— 8, Ho s AR BRSNS ) R L 49%, B B Bt
IR IRV RE I DL (B2 A SE ML TGVE S I 3P AN S B N TR B s ), b
JE5E 5%MIAH, A 25 Fas. T A s ok 150G 20 2 1k N 4
AR BCT YRS, H BT B EE SRR 18] b 1 DUIE SO ARG I3k 7 ik,
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T I AN fE ) T S A ] R, 753 HRE Rk R A
i 26 frs. HRJE NEE B4 FRAAL 3I0 EDUL ) I B A2 25 2R 4t NEE BEAEZS
RGEB MRS, HPhWEES RS NEE WEEERG M S, Wit
2016 % 2019 Fre B iEELE, F2E R NEE RIUZFEEMES, o
2016 411-370 gC/m?/a 4 in % 2019 4-111-533 gC/m?a, 4 jni&#AqL 50 gC/m?/a2,
NEE NA&E RGWIH AT 11 (GPP) ML RGN (Re) I ZE1H, I & A] NEE
HHEFEATIR 15 2] GPP A Re Ml , A BLBEA A5 253 B O BEAT T 41 52 DB 4 K
%, GPP i 2016 4E ) 1083 gC/m%/a #4in% 2019 4Ef) 1330 gC/m?%/a, Re H
2016 £E[1) 713 gC/m?/a HiIN 4 2019 4Ef¥) 797 gC/m?a, GPP e =T Re, &
B NEE BRI IN . 4 NEE A FR 3 i 350 T Ho Attt XA stk e andt
SINEE IR AE AR 17 413 & M B NEE 4E B3 ini& %4 >4 16 gC/m?/a? (Froelich
etal., 2015), 3 [F 05 il AR bR 13 4 138 FE 000 /& B NEE £EBrisg i #4415 gC/m?/a?
(Urbanski et al., 2007), 35[EEE = AR bk 25 @ WIS H NEE fEBRIG oy
2.4 gC/m?a®(Hollinger et al., 2021), FF3¢ 1L-BEMEARM 13 4F 1)@ = W15 2] NEE
Henfa#iol 23 gClm?/a® (Pilegaard et al., 2011), it BF Zr Ak e 25 40 39 [ Bk A /) 5 5,
X 5ESAES RGBS — 3 (Corman et al., 2018; Curtis and Gough, 2018).

W 27 B, BRI (L ARARE i Ah, g ul 5 AR R NEE & T4 [
s ZR AR 3 55 (Fei et al., 2017; Tan et al., 2012; Tang et al., 2016; Zhang et al., 2006),
Wi IR B AR R A [ Bk B DA . A EES SRR AE RS R NEE 5 4E I 9
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AR, R HUR 5P A 25 HUR I 67%, ~FIIFER R 44%, Ui
BRGABEBENR L2 AUEH], Re R L.
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L ET REZaeEH], RISEhRABUR SN E L] (ET/P) BEVETEAHUK & %
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3 1. 2020 W E s LB E IR EIE

¥ 5 T % Sk (%) BE (%) CIN
1 P1-1-1 3.541 4.923 0.308 15.997
2 P1-1-2 3.013 4.471 0.258 17.308
3 P1-1-3 2.099 3.765 0.184 20.444
4 P1-2-1 3.587 4.853 0.294 16.527
5 P1-2-2 1.854 3.468 0.168 20.628
6 P1-2-3 0.662 0.99 0.083 11.948
7 P1-3-1 3.438 4.817 0.309 15.607
8 P1-3-2 2.925 4.392 0.256 17.153
9 Y1-1-1 2.942 3.03 0.308 9.845
10 Y1-1-2 2.716 2.903 0.297 9.775
11 Y1-1-3 3.171 3.257 0.325 10.029
12 Y1-2-1 4.363 4.667 0.456 10.232
13 Y1-2-2 4.349 4.186 0.409 10.232
14 Y1-2-3 4.666 4.653 0.469 9.916
15 Y1-3-1 4.216 4.411 0.415 10.633
16 Y1-3-2 4.379 4.233 0.404 10.472
17 Y1-3-3 3.011 3.102 0.304 10.2
18 Y2-1-1 1.978 2.082 0.218 9.562
19 Y2-1-2 1.547 1.644 0.177 9.263
20 Y2-1-3 1.363 1.42 0.162 8.763
21 Y2-2-1 1.682 1.882 0.196 9.626
22 Y2-2-2 1.474 1.569 0.167 9.395
23 Y2-2-3 1.302 1.42 0.14 10.117
24 Y2-3-1 1.883 2.023 0.208 9.746
25 Y2-3-2 1.486 1.614 0.169 9.525
26 Y2-3-3 1.288 1.407 0.145 9.686
27 D1-1-1 8.444 8.609 0.625 13.774
28 D1-2-1 7.58 8.169 0.512 15.957
29 D1-3-1 9.953 10.881 0.673 16.159
30 PM1 0.913 0.95 0.101 9.368
31 PM2 0.713 0.871 0.107 8.115
32 PM3 0.659 0.816 0.101 8.112
33 L1-1-1 6.124 6.375 0.58 10.99
34 L1-1-2 4.036 4.025 0.375 10.738
35 L1-1-3 2.528 2.656 0.265 10.007
36 L1-2-1 9.647 9.52 0.944 10.09
37 L1-2-2 6.075 6.061 0.641 9.454
38 L1-3-1 9.174 9.176 0.875 10.488
39 L2-1-1 24.679 22.028 1.902 11.583
40 L2-2-1 12.141 11.622 1.013 11.471
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41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

L2-3-1
Cl-1-4
Cl-1-2
C1-1-3
Cl-2-1
Cl1-2-2
C1-2-3
C1-3-1
C1-3-2
C1-3-3

G1l-1-1
G1-1-2
G1-1-3
G1l-2-1
G1-2-2
G1-2-3
G1-3-1
G1-3-2
G1-3-3
PL1-1-1
PL1-1-2
PL1-1-3
PL1-2-1
PL1-2-2
PL1-2-3
PL1-3-1
PL1-3-2
PL1-3-3
PL2-1-1
PL2-1-2
PL2-1-3
PL2-2-1
PL2-2-2
PL2-2-3
PL2-3-1

7.418
3.191
2.009
1.261
3.378
1.71
1.118
3.419
2.31
1.401
2.231
1.169
0.577
2.404
1.726
0.969
2.841
2.433
1.715
2.394
1.938
1.634
2.728
1.179
0.475
3.3
0.952
0.504
3.06
1.869
1.004
3.015
2.105
1.547
3.109
1.771
1.418
2.508
1.913
1.513
3.001
1.599
1.387
2.544

7.092
3.755
3.358
2.96
3.847
3.45
2.811
3.88
3.397
3.252
2.443
1.335
0.679
2.662
1.915
1.108
2.993
2.558
1.903
2.6
2.162
1.777
2.812
1.401
0.605
3.261
1.065
0.618
3.174
1.977
1.168
3.12
2.215
1.766
3.205
1.89
1.572
2.634
1.995
1.574
3.126
1.723
1.505
2.717

0.69
0.328
0.195
0.134
0.348
0.165
0.125
0.358
0.228
0.128
0.251
0.159
0.098
0.267
0.199
0.129
0.289
0.258
0.209

0.25
0.202
0.174
0.265
0.149
0.082
0.311
0.121
0.085
0.288
0.191
0.136
0.275
0.219

0.19
0.287
0.194
0.179
0.244
0.175
0.147
0.286
0.165

0.16
0.259

10.276
11.455
17.209
22.112
11.066
20.85
22.447
10.848
14.901
25.436
9.738
8.386
6.94
9.97
9.631
8.582
10.352
9.9
9.085
10.398
10.726
10.199
10.63
9.392
7.376
10.483
8.833
7.294
11.01
10.343
8.563
11.35
10.135
9.271
11.187
9.721
8.782
10.803
11.383
10.737
10.943
10.414
9.395
10.493
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85 PL2-3-2 1.737 1.882 0.174 10.837

86 PL2-3-3 1.456 1.473 0.141 10.466
87 PL3-1-1 4.664 4.804 0.407 11.815
88 PL3-2-1 5.541 5.741 0.463 12.392
89 PL3-3-1 7.746 7.798 0.608 12.834
90 PL4-1-1 3.48 3.652 0.307 11.897
91 PL4-2-1 3.871 4.079 0.34 12.011
92 PL4-3-1 3.257 3.446 0.313 11.026
93 PL5-1-1 5.156 5.509 0.433 12.732
94 PL5-2-1 6.542 6.441 0.508 12.668
95 PL5-3-1 5.161 5.247 0.422 12.422
96 PL6-1-1 2.766 2.885 0.242 11.942
97 PL6-1-2 2.221 2.301 0.202 11.373
98 PL6-1-3 2.242 2.27 0.202 11.221
99 PL6-2-1 2.755 2.903 0.272 10.655
100  PL6-2-2 1.799 1.908 0.193 9.881
101  PL6-2-3 1.266 1.413 0.165 8.561
102  PL6-3-1 2.931 3.034 0.255 11.88
103  PL1-1-1 4.632 4.67 0.392 11.903
104  PL1-2-1 5.353 5.272 0.429 12.302
105  PL1-2-2 4.573 4.532 0.392 11.566
106  PL1-3-1 4.522 4.562 0.419 10.883
107  PL1-3-2 4.422 4.503 0.426 10.578
108  PL1-3-3 3.862 4.017 0.412 9.746
110 S1-1-1 3.321 3.421 0.314 10.882
111 S1-1-2 3.201 3.323 0.315 10.557
112 S1-1-3 2.415 2.539 0.234 10.864
113 S1-2-1 3.179 3.298 0.316 10.444
114 S1-2-2 2.951 3.031 0.289 10.494
115 S1-2-3 1.96 2.081 0.194 10.748
116 S1-3-1 3.149 3.293 0.312 10.556
117 S1-3-2 2.881 3.059 0.301 10.17
118 S1-3-3 2.449 2.486 0.243 10.216
119 S2-1-1 3.116 1.274 0.143 8.896
120 S2-1-2 2.589 3.223 0.316 10.188
121 S2-1-3 1.157 2.711 0.271 10.013
122 S2-2-1 3.074 3.228 0.317 10.196
123 S2-2-2 2.83 2.931 0.291 10.068
124 S2-2-3 1.423 1.597 0.162 9.862
125 S2-3-1 3.116 3.242 0.326 9.944
126 S2-3-2 3.154 0.304 10.359
127 S2-3-3 1.59 1.751 0.166 10.563

= G 5 AGRAN R L A I ST A R R A [RIVR L A 330 i, SRAFEIR (8] 04 2020 4
1H, Prakes BT, ERTRSIr A, AR 120 HimLLERE (I
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% 2: 2020 i Euh i HUE AT R B SHE

¥ YiFh = (m) M4z Cecm)
1 -k 13.5 24.75
2 I 2.7 1.73
3 1 4.1 3.55
4 =R} 4 2.4
5 M 8.8 13
6 i 2.8 1.34
7 S NIE 15 1.27
514 2.9 1.5
9 iR 5.7 4.08
10 PRI 1.8 1.8
11 L'} 5.8 453
12 Tk 2.6 1.38
13 i 1.9 1
14 Sl 3.8 1.96
15 HHE 11.5 12.21
16 1 4.8 3.02
17 N 6 5.43
18 EHE 8.2 5.4
19 FBR 8.5 6.23
20 Fh 6.5 4.18
21 SR 2 2.1 1
22 RS 8 6.02
23 LI RIh 5T 1.8 2.15
24 AR 7 4.36
25 AR 4.3 2.3
26 LA R 57 15 1.27
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4.3
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1.35
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2.77
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1.43
1.43
2.7
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1.4
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1.18
1.7

1.2

1.2
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2.44
1.78
10.6
1.2
1.5
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2.41
7.7
4.55
3.8
2.3
25
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3.7
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1.72
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488 ¥ 6.4 4.3

489 i 7.9 7.3
490 AR 3.6 2.8
491 Vap=yiL) 1.4 1.2
492 FE 1.4 1.2
493 Vap=yiL) 1.4 1.2
494 FE 1.4 1.2
495 Vap=yiL) 1.4 1.2
496 FE 1.4 1.2
497 Vap=yiL) 1.4 1.2
498 i 2.9 1.85
499 ) 3.7 2.8
500 R 4.8 4.4
501 iiy7 3.7 2.39
502 A% 9.7 12.9
503 Y7 3.7 2.39
504 A% 9.7 12.9
505 Y7 3.9 1.81
506 2 4.9 4.5
507 = 3.6 1.75
508 1% 8.3 9.5
509 e o 2.5 2.25
510 ik 3 2.33
511 IR 2.5 1.59

T R A SO s IR AR B IR R K ARETT
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i 3: HFREWMEBRSIEMNAFEL

PRI EXN WEER e Zishes il X5 7 I E
CO2. H20 R JE LI-7500A Li-Cor 13.6 m
TR FEAH R Uk R WindMaster Gill 13.6 m
Pro
IR HMP45A/D Vaisala 1.5m
] WAV151 Vaisala 10 m
KE WAAI151 Vaisala 10 m
e PN B RG13 Vaisala 0.7m
ISEEE) CMP11 kippzonen 1.5m
T S QMN101 Vaisala 1.5m
IR HFP01SC Hukseflux -5.cm
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