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Changes of gross primary productivity induced by returning farmland to grassland

in Xilin Gol Grassland
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Abstract: Inner Mongolia grassland is an important ecological protection barrier in China and part of it is the important
agro-pastoral ecotone, but it is dry and windy, with fragile surface material structure, strong soil erosion, and extremely
fragile ecological environment. Located in the mid-eastern Inner Mongolia grassland, Xilin Gol Grassland is a typical
temperate grassland. In-depth research on the impact of returning farmland to grassland on the gross primary productivity
(GPP) of land vegetation in Xilin Gol Grassland and related environmental factors is of great significance to understand the
regional vegetation growth status and biological carbon sequestration capacity in the project of returning farmland to
grassland as well as to formulate scientific policies for returning farmland to grassland. We use the VI model to estimate the
GPP change in the Xilingol Grassland Conversion Area from 2010 to 2015. Based on MODIS remote sensing data, ground
observation data, environmental factor data and land use data, this paper systematically studied the characteristics of the
GPP change of land vegetation in the area of returning farmland to grassland in Xilin Gol Grassland from 2010 to 2015 by
using residual analysis, correlation analysis and partial correlation analysis, and discussed the impact of different

environmental factors on the GPP change, and revealed the characteristics of the GPP change and the active mechanism of
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environmental factors after returning farmland to grassland. The results showed that; (1) the average GPP change in the
area of returning farmland to grassland in Xilin Gol League within 5 years was 0.47 ¢ C/m’, in which the area with an
increased GPP accounted for 67.2% of the total area of returning farmland to grassland, and the GPP change in the initial
stage of returning farmland to grassland was not significant; (2) In the area of returning farmland to grassland, soil water
content and soil organic carbon were significantly negatively correlated with the GPP change, while air temperature,
precipitation, elevation, and slope were significantly positively correlated with the GPP change, and there is no significant
correlation between soil nitrogen content, soil phosphorus content, and soil potassium content with GPP change; (3) Slope
and soil water content had the strongest correlation with the GPP change, and had a higher impact on the GPP change after
returning farmland to grassland, precipitation and oil organic carbon had the strongest correlation with the GPP change,

environmental conditions have a significant impact on the GPP change after returning farmland to grassland.

Key Words: gross primary productivity; carbon sequestration potential; residual analysis; correlation analysis; Xilin

Gol Grassland
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Fig.1 Study area and the spatial distribution of meteorological stations
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Table 1 Differences in vegetation and soil characteristics between grass land and farmland ecosystems

A R iy A
Ecosystem type distribution Grass land Farm land
FBEF Ecosystem type distribution KEZE S.grandis INFZ T.aestivum
TR Average height /cm 14.75+0.95a 89.00+1.29h
FIEH BB Soil organic carbon/ (g/kg) 11.98+1.73a 19.77+1.05b
BAEYE (TH) Total biomass( dry weight) /(kg/m?) 2.04+0.14b 1.02+0.06a
M b/ A= )i Above/below biomass /% 3.73+0.20a 64.502.24b
JAI%Y) Litter/ (g/m?*) 1.60+0.55a 10.98+1.00b

E AR MEDE s [T A ) 7 RS AR B 22 57 .35 ( P<0.05)
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Fig.2  Spatial distribution of elevation and slope
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Fig.3 Spatial distribution of annual mean precipitation and air temperature
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Fig.4  Spatial distribution of Soil water and soil organic carbon
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Fig.5 GPP real value and predictive value
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LR PERIA A FET R*M 0.68, RMSE 4 2.78 ¢ C/m*, E6 VIR SR
IRZE SR VI AT GPP LA 1 LT, B4l GPP Fig.6 VI model site simulation results

S5LFR GPP iR 225/ (R I # 4 [X B0 105K 3 g5 - OFP s MAIAET™JT Gross primary productivitys VI AL i i 50
X % Vegetation index model

bl BRI AL 5 S 2 (R 2R M UL L
FIRIERN 0.79 , AR KR MEAUE 5 SSME R AR T 1:1 BT ;4% H 3t 5 GPP B4 5L 5 S0 4% FRL 1 2 401
B HLMRE R 0.68 , BLME 5 S LS ZBAR T 101 BZk, & VI BERLIR % 18 LAT AR fb XA B 0 =2 i,
W T GPP {HRRARE ™,
2.2 RHHAF XL GPP AL

2010—2015 4%, B R i R HFA B X IR Y GPP ik Fa e, iR BF X 3 GPP B fb & P3N 0.47 ¢ C
m2 d™', Hd GPP NG X b AR X ARG 67.20% , GPP SE2414 i1 1.98 ¢ C m™2 d ™', £ 11 10.16; GPP
FARR A [X 32k 7 B 52 IX TR 32.80% , GPP X080 3.39 ¢ C m > d ™', Z /0 16.71 g Cm> d7' (% 2)

£2 GPPTLIER
Table 2 GPP variation

GPP 2Bk 15 e A GPP ZEfb it F- ¥ T i LA
GPP changes Pixel numbers GPP average variation/ (g C m™> d™!) Proportion/ %
GPP il GPP increase 254 1.98 67.20
GPP g/l GPP decrease 124 3.39 32.80
&3t Total 378 0.47 100

GPP . B4 71 Gross primary productivity
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2.3 BHRA R X A R A R

A5 1T H A MR 2010 4F K 2015 4F A RSB 1155 5 AR DA TIBX B AR Ay e b )
AL, 2010 4-—2015 4EE AR 8 B B B A 5 X I3t 128.23 km® (3% 3) , iB HFib 5 [X 4 3= B 4L v 75 B PR S
AR AR A T BT, AR SRR P9 S ERBI0E MR RIS 20 E TE R AR
57 Yo

®3 BHEEER

Table 3 Area of returning farmland to grassland

FTBX Hr T AR IRPHE AR IBRHHEF L]
Districts Cultivated area/km? Conversion area/km? Proportion/ %
ZR 5 /R BIDHE East urmugin banner 292.76 2.65 0.91
76 1% JRFBID I West urmugin banner 186.20 13.05 7.01
BIARIEEETT Xilinhot 218.73 4.17 1.91
1E#1#t Zhenglan Banner 193.16 11.80 6.11
% 1¢E Duolun County 448.67 8.29 0.23
F4E i Zhengxiangbai Banner 136.68 3.96 2.90
KAPSFHE Taibus Banner 678.50 13.55 2.00

2.4 BHHARE GPP ARk iR AR N &

R TR YOE IR FFA RS GPP AR b i i =B IR, F 105 23 B R i 1R B B X GPP A8 Ak i
HWEHNFRCR, GREW SR K SE BEY S GPP b AR (P<0.01,% 4) ; 1S
KA AN S GPP AR AR MEIF ARG (P<0.01,58 4) ; HIEA & HIER S IES SRS
GPP Ak Z Al R A R (P>0.05,K4)

R4 GPPEUEEFFEFHEXME

Table 4 Correlation between GPP variation and environmental factors

WEE T i HHE R AL BFEHAKT
Environmental factors Correlation coefficient Significance level
SR Air temperature 378 0.505 0.000

Fi /K & Precipitation 0.400 0.000
FifE Altitude 0.483 0.000
YR Slope 0.586 0.000
FHEE KR Soil moisture -0.374 0.000
A LI Soil organic carbon -0.386 0.000
A & Soil nitrogen content -0.055 0.146

+ 4w % 1 Soil phosphorus content -0.037 0.213

+ 340 & Soil potassium content -0.152 0.079

AT A G A3 BT HEA T R R PR 7 10 1 — 25 0k B, Wk B8 R = 3 K B S I GPP ARk B i R R
(P<0.01) ; HFEFIAES GPP AR fb it A7 2 I AH O , (B AH G355 ( P<0.01, 38 5) 5 B /K B8 - 84 Bk
5 GPP R fbE T W E WA E (P>0.05,2 5) . VI LRSFIREE TS5 GPP ARk 2 a7 4 1 [ml A AR Y | A5 A
B A R BN 0.652, 52 & /K- (P<0.01, 32 5) , U A B A - XHE BHA 55 GPP AR b e B 3%

.,
3 i

3.1 BHHARIXT GPP HIFH
2010—2015 4E | BhAReR il R #A # (X ) GPP BAFaE , GPP b AN B3 . Jiang ZEHF5E T3 30 4E3%
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o e SRR B DR AR 7 A A S R R R B B L TR (L 2006 S W AT, 7L HT 30%—40%
(R DA A B T AR B A IR B B MR AL . EAh, Feng S5 41 R) 8 + IR AHIE B TREEATHIFSE
RIMER A J1Ra 2L 1t JFFE 2016 4F TR SGESR T ABFSTRWT 5 45 Py B AR il R IETR IR 7 X
GPP LA 2 43 IX GPP A7 I T B iR ik B X Sk i) GPP P (E AU Mg i Tt X — 5 H B XA B
AR BG4 T X I BB A ads e ) Sl DRk ) B[] i 7 Yt A e SR B % T GPP e 55 T HE
DSRFIAE RS RY | BB X BHR R B (9 GPP R RMEAR T [ ARSI, X — LR HA R
223 0 Rl B33 P, S B T LA i A SR I B R BRI B R T AR S IR [ 7 I 5 DX Rl A T SR TEAR

®5 GPPEUESNEEFRMEXNK

Table 5 Partial correlation between GPP variation and environmental factors

WEE ¥ , i T 5% 2R 5L , i KT
Environmental factors Partial correlation coefficient Significance level
S Air temperature 378 0.163 0.001
F47K B Precipitation -0.045 0.195
i Altitude 0.191 0.000
B Slope 0.298 0.000
4K Soil moisture -0.263 0.000

F ALK Soil organic carbon -0.077 0.069

LA, A ST R IR BHA MR B A e TR M T AR TR R B B i GPP, AE/NE P R T B R
G AL e I | S NS R Pt s G LSS Al I S S ST R B 8 7 N B SN 7l 4
AT LA R R R R R A 7 BiAs S X VG e i DX B A 7 T B s AR SR R B SR B
IR AT L 3 3R AR G A 7 ) RN AR 7™ 0 4 i 5 BTG AR TR B AR B35 Rk . AR B4 AN
AN R TRERE A GPP S AEAE AR R A DX PE 22 5 i R W5 X GPP A2 A 5 T2 15 it P 9 1 R 5 % A
K TERBRA FE S g B AR AR 1 DA AT 0T XAk GPP 7 A S R AR B A el
3.2 HEEHFXT GPP AL it 5

ABIFSE KB A S K A R A WL Y 5 GPP 2L B TUSE (3R 4, P<0.05) i K | mRE R
Y5 GPP AL R B E IEMIE (K 4, P<0.05) . BFFE A BUKIR M ESF (B, B8R GPP 2 ETHES 5
Liu 5550 X o8 4 i R BhA 2 TR BT 4508 — 80, RV G4 7 0 A BT DX S0 2 9 /E S
FRPIRZS T HR AR /K AR A 18 DI, X et BRI A A 7 I TR [ 2R 28 DL KOS [RI B T 1Y
R AR AL A AAEAE 22 5 BT TR B2 O a HAE ( i B R R RS R R 7 ) AR e R ) 23
(] 1 AW SRS B[R], ZEAS TR R 1] B SRS (BRI [R] S RMIEASR R AR S i A e
LRE 5 SRS L B B PRI TR A B T B RIS M (EL R D A st R AR PR A DI SR Bk
FREAE SRR FEIE N D) GPP, A AN AR T, GPP X AH [R) A PR g ol 7 R BE A AR 28 57, R
HEEUH ARSI T A AR SR AR PP SR S2 A R R B R i A B K R e, B
FEZ RS HEASR SR RS B A B2 KR A, BT T R X KR EXT GPP SR
G

() I RIF900 B, ot A v ,  BE BE U 1) X GR B S GPP 3 T #A . X — IG5 52 S0 55 ST
TABAE 25° B 1R BRAMACR B R AL SS TR AR L | 18 B 7ZER B S0t b LA SR i B e e o Bkt . e
Ja, BHESK B R PGB A GPP L RS BORMEREA TR LS K B R, W = T A ARB A
M B BRI 3 KRB 5 A B HGR B K A0 SR B, DT i U A IS i GPP B il — 7 7K 43 FR
TR R T UL S 2 Y S A A S 43 DX AR R T S DA 4 A 7 R B v
RGBT IR O o O S S B B f PR 1 AR AR, LA B e R B B DX, Ul S B O A A 7 T A
KRR BRI

http ; //www.ecologica.cn



9742 Ja ST

&t
B

£l 43 %

3.3 IRRIE EON A 2 R G BRIV T R

AR S AR G I Bl L A AR TR U 89 AR AR BR A S A LR [ R AR A A Bl R g R
GPP J e 7 AHMITE A 245 R GUKF Ll oA AR I ik 1 52 A9 pLAR it AR B & 22 e, T LR
Ui AL A A R SR RV T . BRI R R AR AL B 5 AR N, G LXK GPP & BT E {H GPP
AN B (3R 2) s BAIHAFN H g W 28R ik s TAR BT R W] B B0 by T A ph i — Ao b
B PR, B IR I A SR AR % AT BTN, AR 25 AR GE RS 047, i, 2010—2015 4FiR B
BRI R GPP A AT B, [RS4SR AR ik A I BILR) , A R B S it
WA G MO KRR B st SR BE S R kv 3 v 3 (3R 4) , 5 TR 7 S5 (M S 4 21
o), HLAE R R IR IS BB AR 5 AR AR G, B 3 3ty 3R I B A i B T AR G T A 5
e B H RN B KA A T IR B S U AR e st A L B SR AR D B A, I DA o0t £ 3SR 2 BRI, 4
o DR VR Y 2R R ARLRAE P DR S R GE AT IE TN 25 G ARBE ST ROSE R (36 4)  IBBF XK #
ZRAF R e R B [ A ) B B B R [N 3R IR B R A, XS B IR GPP 7R 5T 3 ] ik
52 ) JEU AR A5 S AN B2 i A HAR AR TR R P EOR P R 52, STk FH AL 5 SR A BB i L
A,

BB FE L R A O R S A SRR i MG A RER S5 B T R A R
ORI AR AR TS R GRS T AR % A S AR A RS, 7T LA R 5 4R
Tt W I B A= L A A T B R R B L B ST R T TE <450mm [ R (A0 AR
HHFE) | L3RG TR ASCEETRIE Y IE 3 A IXBE S R ek n g In 224 th e B A it v 7 s 2 A
BEIBAE AR E IS RIS R RN 22 N A W R b e A 1 AR BRI R DX A BLAR
FERE 02 o TR A O DG TR B RS BRI ) BE R 8] (425 £, st ORIV AR RS e BRI (<20
a) KA IBBHOAR(F) 1y I [ B ROV AN B IR, 20 a J Bl A 1 52 45 R A 8 0, AF 0 94 b S e 8BS T 000
FUEU S VFIIRE A L 10 a o St SR BRI R A 0 RN R B S T 10 a S5 -E RSV RO %
W88 AT A S 0 PSR R Y TR 8 i o W v AR I, S AR 9 4 SR L EIE  {H 1
— P X LR AR RCR B 75 EARXR B S B I B AT IR A S 0F5E

4 g

AL MODIS GPP il A Bl , RGMESE T B MR R 2010—2015 4FRPHA B X EL GPP 198 {bLE
fE, IRV TIRBHA RS GPP Ak 5 EZA RN TR X R RIS T .

(1)2010—2015 4F B AksR i SR AR B2 X4 1 GPP S ARE 52, GPP A fb i PIIME 1 0.47 ¢ C/m? , A
3 LIS, Horh GPP NG X 7 A 5T X 16 ALY 67.20% , GPP R AR Y IX 8k 5 AfF 55 IX T AR Y 32.80% 5
GPP 7B Ak KAE M 10.16 g C/m?, e/ ME H-16.71 g C/m?,

(2) SRR JFURBEE B 5 AR N IR B X 3 B K R RIEA ALK 5 GPP A2 b 3 AR OC X
L BRI R S PP AR fb e i 3 IR A G o S K R R EE X GPP AR Akt (9 5 i e K5 T AL
IR B I O SR K A, 3 B S (IR B b s/ R BRI I GPP AR 16 m A3k 25
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