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Fig. 1 Distribution of warming experimental plots
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Tab.1 Significance analysis of soil moisture content

change under different treatments in growing season

from may to september in 2012

0~100 em +)2 0~100 em 22 ¥GEAY
Ay XTBAEFEE R4 A XTIR4EE BENE
KA/ % KR/ % /%
5 11.14 £0.38 13.97 £0.50 2.83 0.253
6 14.37 £3.42 17.81 £0.39 3.44 0.164
7 16.55 £2.00 19.55 £0. 16 3.00 0.433
8 24.44 +4.50 26.11 £2.39 1.67 0.637
9 19.25 £0.46 22.57 £1.54 3.32 0.407
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Tab.2 Significance analysis of soil moisture content at

depths of 0 —100 cm under different treatments

ERE MM WA OBRA
J&/cm IKE/ % K&/ % AR 2Z4H/ %

0~10 17.18+0.35 15.64 +0.36 -1.54 0.422
10~20 13.80+2.07 14.80+0.36 1 0.957
20 ~40 16.19£0.47 20.68 £2.17 4.49 0.145
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60 ~100 20.57 +6.06 25.23 +1.62 4.66 0.486
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Fig.2 Vertical distribution of soil moisture content under different treatments in different months
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Fig.3 Variation trend of soil moisture content at different depths with the time

(P>0.05) ; 33 41 + 5K 4 5 = bt e ] 4 28 Ak #4
P B2 AR — B, B I R R o £
Bk B H bRE AR, Beah, 2 1
(0 ~20 em) 7E 5—7 H , 7K F5 i B Fsf [7 1777 38 9ok 5 17
W2 (40 ~ 100 em) -3k 5 7E 5—7 H Kk a]
TS g X R R T XA S AJKE 6 H
W12 LIRS FR R ORI
K, HRIZERE , & I RS, K2 5
IO S BTN TR 2 K S S B, 2%
B 398K A3 Bt 1B AR TS

h T RS A KAy w22 AR A ) B
L, %45 )2 5—9 A H 3K & A7 AR LR
Ry 22500 X IRALN 79 H M4 A =

B ) 1K o i 22 v 3 (P <0.05), 5—7
H AHER A 53 2 6] ) 58K 43 2 43 B AH 22 3. 23%
H2.18% , ¥ ARBEN W EF K- (P >0.05), X F
BRI AR A Oy 3K o i 0 22 SRR
IKEN R FEHEACE (P >0.05) {5 4% i 0 1598 K
g1 i H PR AR AR S A T — e R B 52

3 FigGitie

3.1 #ig

(1) A H i ab 3R B9 LK o & R
TSGR A, B Hmih 2.85% o fEiX 5 A
7, XoF T HEHEAT AN [F) SR AL B, B IR AL PR B



BRI SR IR R K F AL, 22 5 PR R
IR B K Y- 2 WY RV et BT 00 3t o g R e )
BRI S BRI AN O, (R IR - K o R
W T, B TR H 6y, 5K o5 i A7
TEZE St o

(2) 3K & BRE 2 R R 2 B e
WD HE NS E, 7E 10 ~ 20 em + P& R R ARE
13.8% ,1F 60 ~ 100 cm + JZ Tk 3 i 20. 57 %
XFHRAH WA KRR S DA, BA S AN LZ
) 3 E K ) 22 S v AR B TR K H
b 45y HAT 10 ~20 em )2 (9 3K 3 & & 251K
THAGLZ . BHA S A 0 ~20 em )2 /9 14
FoKE B H R T AL LR X RV KR
0 ~ 10 cm fy - HEF KR MFER, MR 1 357K
e AR U BN, T EL R TR 20 K
AR LA B B AR

(3) JCie X M4 2 M 2, 3R Z FIiR 2
I RS TR 2 2 B e e B S
H4 LR LS KRR iR AR, 8 H s 4
Yt 2H 7K o5 e B 18] F) 22 A A 345 0f IR 2 HeAR
—8, XFXRAW S, 79 A, A48 A 4 Z 18 K
THOK SR ERE R 5T A MR A Z 16
B 3K 3 25 AR IR B B E K o X T
TRZH T =, AR 1 33K 4 B i 2Z ) 1Y) 22 S B

B,
3.2 it
3.2.1 Hsmsh RS #Hoh R R

o S 8 YL B RIRL 4 A K e ] 42 5 ) 8 4 Ok
B R Y 25 A B 4 BN K
M ) 22 S, B0 46 3L 8 A 1) , GO 2 K 2R
[ 13 A R 7 [ 4 2 % B ) - 39 0 30 8 5% 0 i R
72, e TR A 72 AR 32 e K B i 5
Wi, N Rl A5 B A S5 AR AR . —SERFY 30 .
IENR T )2 TR ZE R AR R M 0 25 s 1
I, AT 3 J2 3K 43 & BEREAR > >, A
AU oY 2] B A i JE B 3 0 ~ 10 em
K R WS K, OTC 1 3 4 3 3 K 43 26 & i
K, SEO I D E AR T KA B R
AP F F OTC X AL w5 FE H ] O ~ 40 em TR 145
IR S5 5 R R ORI B 2R A AN
SEAZE HCVE FH 18 5, AT A 0983 BB IG5 Waan
2200 ) FAT AMINAACHS 8 00f B0 4 A 25 2R GE R AT 1Y 1L
FRITSE 45 A ], H IR S P2 5 A R 28

RLAgsE N, VRS SRR FT, thh—s
W R R R R 2 L E SRl bR 2 +
SEATY D TR S5 IR, VA Rl T o ) BEL R 7K 23 T 98 4
VER o LA AR WOHR 28 IS 98 57 J2 L 45 ek ) 5K
VR R, M 3 22 398 7K 43 1 fm 7 >, dm i)l
AT RRIFSY R, 50 B RE M FE, OTC Py 5
P S VR 2 RS KR XS OTC AR
AR A (55 HE K BE DA e FAR 4
4 U280 Sk BT YR X P 25 2 ) A 0 T A AL T 0
IRAMIEFR IR R, 48 Bl (R 5 HLJRUA i A
B B R R, TR B B K fE 415 Klein
40 s 5 B R R K A 4 FE L (RO R
B3 AT, SRR UK S B Na TE
R By —3, Mt AR 2 A 2 5%, iR
ffiZR)Z (0 ~20 cm) LK & R, 455 AL
2 SRR E G o A1 A B, 3 e gk 20 1) - E K 43358
IR R B AR TR TR E LR R
Al 2R 2 A B YR 2 K T IR 2 (H R I
JZ ek o BV, (R N 3

e THOR SRR 1K S & B I BB Y 4
AR —E A S, XD E S B A R,
TEZARVR 1 XL AEIT 8 , R 1 OTC B4 2 fdi il 1k
T PR AN 52 A T AL 1 5 K e B R VR B R
T AR AR, S EL 48 ek TR A, IR AR it B R, SR i A
— 7 T2 h T R 2 M 2 T AR AL, T
WIS TR GIRAS s 55— 07 T2 h T32 3
KB R Rl TS BB K 43 1 1 2 E SR
BZNEHRIB BN , TASHESE & B, 184 560 VR 2
TR S R R A AR B R . W HRTRE, 1E
5 98 2 VBB R  H HEK 4 5  ( RE SRS AT 3R
FUEPIERIZ 0 ~20 cm, MHTRJZE 13K 3% 1 6 i
IO R S L B AR GBI I IR AR D AT i — 2 52 3
3.2.2 HEAEHEHEASGNEERFE LK
SYAETE ELH I A/ A S 4% 1 )2 K4
25 (A Stk G DY BRI R O . R AR A 1
KL U5 M X B R 5 % TR, e 9 ) 1 MK 43 1E 50
em WRJE LA AEE—ME B KR, 20 em HJ2IHE R
B KR . BITAEEC TR L X BT S T
L HEK 3 e S - R B 1 T 1 o 5 A%
W2 SBIFEH 10 ~20 em 1 Z R )E N T K4y
B — MEAE X ,20 ~ 100 em 1 J2 i 1+ 38 5 K bl 1+
J2 TR B G L 180 3 e, OIS 45 AT A 25 5
P4 ISP 22 MK 23 2 A MR &R 0 A Ak



ZEHEPEAE IR T R IR 2 AR XA AR K T K 3l SR e

FRIE AN A5 S 4 ] A AH JC PR 2 A s ), iR 2 £
BEK 43I0 = ZEAZ R K SR BRI ik A5 AL
PR Z s

- HEAK Sy B B ) AU SRR AE T2 B2 K 1Y)
M, e R X S A 2 JE, Y dR it AR K
7, [l it 52 31 = AR TP oK 52, 62 S K
TR G9 F 2 ISP IFUA R 3, [ K 72 T8
A F 2 HE S KA R RS 4
e, - 3K S B e A) A4 72 Ak 53 DX 3B [ KCTR
PR — R, ) 2 T U G 4K 43 R i
A AMSR-E TR B4 S5 76 H 1) 7 s Jit - 4K
oAk R, NS ARSI 8 A, LKA B X
T IR U A 2 SRR e T ) BT R, Bl A RN 2 1) 42
TSR M, 387K 1 25 B0 X B A Y BB i), +
BOKAWIFRIGER BT i+ 8 A FTaIERIT iR
R, 2 9 H i a) e KGR R 385 Hb X 46
B TLAE] 9 A UK T R, ZEond gt A
FH FDR 7K 23453 W 0 30 b 388 ] b [X 3% J2 + 56K 43
M S HIRTF LR T Jelh K5 8 T 728 T R
R, AR R, TSR R EE R R)E 1, HOK
e RS (] (A8 A R S48 B0 L S 388 o s o2 )
HAH 8 H 0 T e DR AL RE AT b X ) 4 K o
BB, 1 HLBEE I R GRS , 2 80K & &
BN R KA S R B, e £
KAy WERT AR AW P B E . T AR A
HA @R, B, 7645 iR s b 8 A
PE—2L TR 5E 3% 1% 1 B, 45 A BB R T
BEUEAT IR A BIRIESE o

2% L #K ( References) :

(1) WA, S0, 2= T, 45, b s 2 o 8 B Jt b 3 < ox
AR A ma B (). 2% 4R, 2014,32 (4) 1401 - 406. ( Chen
Youchao, Lu Xuyang,Li Weipeng,et al. Response of soil microcli-
mate to warming in alpine steppe Northern Tibetan Plateau[J].
Mountain Research,2014,32(4) :401 -406. )

(2) IPCC % L UITAl e 5 i 132, h A4 R, 2014, hitp://www.
cma. gov. cn/2011xz/20142t/20141103/2014110310/201411/
120141113_266684. html

(3] E0e, R, EANLE , 45 1981—2010 453 s 5B X Ui
AL R S B R S AR (). R AL AL F 5 Bt e, 2012, 8
(5):313 = 319. [ Wang Pengling, Tang Guoli, Cao Lijuan, et al.
Surface air temperature variability and its relationship with altitude
& latitude over the Tibetan Plateau in 1981 —2010(J ). Climate
Change Research,2012,8(5) :313 -319. )

(4]

(5]

(6]

(7

(8)

(9]

(10]

(1)

(12]

(13]

2R, ARG A 3e, 4. S e TR X 9 R i e TR R A A A A
TR LRI B R ()], A5 e, 2011,31(4) :895 —
905. (Li Na, Wang Genxu, Yang Yan, et al. Short-term effects of
temperature enhancement on community structure and biomass of
alpine meadow in the Qinghai-Tibet Plateau (J]. Acta Ecologica
Sinica,2011,31(4) :895 -905. ]

VR, 258 BREERE , 45 0T 40 a =T IR X+ R AR Ak 3 245
SAHT RN (T). T R IXHF5E,2018,35(3) 1695 - 704. [ Xu
Qian, Li Qi, Chen Dongdong, et al. Land use change in the three-
river headwaters in recent 40 years(J). Arid Zone Research,2018,
35(3):695 -704. )

SR, ZELLSE AR AR A T TR I 2 ) AL L R RN
Ho b ) G L 7 1 AR AR SRR () 1 P 2R 25241, 2009,
20(3) :525 -530. [ Zhang Fawei, Li Hongqin, Li Yingnian,et al.
Periodic fluctuation features of air temperature, precipitation, and
above ground net primary production of alpine meadow ecosystem
on Qinghai-Tibetan Plateau[ J). Chinese Journal of Applied Ecolo-
2y,2009,20(3) :525 -530. )

JEI AR RCHT A B, . TR M s TR R A AL S R SRR AL
AeN()). B2 Zeak, 2008,27(5):697 —704. ( Zhou Hua-
kun,Zhao Xinquan,Zhao Liang, et al. Restoration capability of al-
pine meadow ecosystem on Qinghai-Tibetan Plateau[J]. Chinese
Journal of Ecology,2008,27(5) :697 -704. ]

TARWE , ETEFH , /NPT Il i 28 B S VR i A7 B 0ol e B
IR ATRAEL)) . tiHizE4 ,2014,32(4) :385 - 392. (Fan Ji-
hui, Lu Xuyang, Wang Xiaodan. The freezing-thawing processes
and soil moisture-energy distribution in permafrost active layer,
Northern Tibet(J]. Mountain Research,2014,32(4) :385 -392. )
SR MEREME G AT L HK S S BHMR (D). =
M+ 224N K% ,2008. [ Chai Wen. Study on the Dynamic Change of
Soil Moisture under Different Vegetation Coverage in Alpine Mead-
ow [ D). Lanzhou: Lanzhou University,2008. ]
R, R, RSN, % VT R R R s AR R
A TR T TRXHISE,2014,31(6) 1 031 -1 038.
[ Zhao Zhizhong, Zhao Kai, Xu Jianbo, et al. Spatial-temporal chan-
ges of surface albedo and its relationship with climate factors in the
source of three rivers region [ J]. Arid Zone Research,2014,31
(6):1031-1038.]

FEIKSE, W, AR, S5 AR L IXE B2 VRRAILIR DL S 387K 23
BERAFE(T). vk £,2014,36 (2) :237 - 247. ( Jiao Yongli-
ang,Li Ren,Zhao Lin,et al. Processes of soil thawing-freezing and
features of soil moisture migration in the permafrost active layer(J).
Journal of Glaciology and Geocryology,2014,36(2) :237 —247. ]
BoudE, EARGE, T A, 45 TR A JE ) IX K 43 1Y
25 ) S Btk (1) . KRk 3E R ,2008,19 (1) :61 —67. (Li Yuan-
shou, Wang Genxu, Ding Yongjian, et al. Spatial heterogeneity of
soil moisture in alpine meadow area of the Qinghai-Xizang Plateau
(J]. Advances in Water Science,2008,19(1) :61 —67. ]
T, EALE WRFS. w5 JE R ) 3K 43 i 5 e IR R s
[E] A8 S WF 5T (T). vk %R t,2006,28 (3) 428 - 433. [ Wang



+ X

=
-+

e

w5

(14]

(15)

(16]

(17]

(18]

(19]

(20]

(21]

Junde , Wang Genxu, Chen Ling. Impact factors to soil moisture of
alpine meadow and their spatial heterogeneity (J). Journal of Glac-
iology and Geocryology,2006,28(3) ;428 —433. ]

BRI ST, TR, Th AR, A5 L R i SR N A R AR 43 B
(J). vk £,2007,29 (4):578 - 583. ( Zhao Yizhou, Ma
Yaoming, Ma Weiqiang, et al. Variations of soil temperature and
soil moisture in Northern Tibetan Plateau( J]. Journal of Glaciology
and Geocryology,2007,29(4) :578 -583. ]

T e, Fog 4, 2 T 80R I BI vl R A
() AR ) JOBE 2 A (). 3 E 4z, 2012,43 (2) : 286 — 293.

(Wan Guoning, Yang Meixue, Wang Xuejia, et al. Variations in
soil moisture at different time scales of BJ site on the central Tibet-
an Plateau[ J]. Chinese Journal of Soil Science,2012,43(2) :286
-293.)

FE AW BT ERS WSO ) 7 78 K oA 5 T i
WD), dbat.: v [ A2 B 1 8N HWF 5T i, 2005 ( Wang
Jianming. Study on Land Surface Soil Moisture Retrieval Method
with ERS Wind Scatterometer over Tibetan Plateau( D). Beijing:
Institute of Remote Sensing Applications Chinese Academy of Sci-
ences,2005. ]

RE A EE R ZE T, . R R A S R AR E Ky
IR EPEDRTE (1] RO HLA 41,2017 ,48 (8) :212 - 218.

( Zhu Xuchao, Shao Mingan,Zhu Juntao, et al. Temporal stability of
surface soil moisture in alpine meadow ecosystem on northern Ti-
betan Plateau( J]. Transactions of the Chinese Society for Agricul-
tural Machinery,2017,48(8) :212 -218. ]

SR, FEA B M AR, S5 T80 D3R 2 b M S SRR B
HoAz () oA T 2 AR AR A B (1) vh B B 2 s 3R
2013,43 (10):1 677 — 1 690. [ Liu Qiang, Du Jinyang, Shi
Jiancheng, et al. Analysis of spatial distribution and multi-year
trend of the remotely sensed soil moisture on the Tibetan Plateau
[J]. Science China; Earth Sciences, 2013,43 (10):1 677 -

1.690. )

AR, ST A AR T X T R i T B V)2 K A
AR RN ()] 20 R 2l ( A SRR ,2010,46 (1)
33 —39. [ Wang Junfeng, Wu Qingbai. Impact of elevated tempera-
ture on the heat and water changes of the shallow soil layers in the
swamp meadow areas of the Qinghai-Tibetan Plateau(J]. Journal of
Lanzhou University ( Natural Sciences Edition) ,2010,46(1) :33 -

39.)

R I, TR R e D e 2 R ) R L R S R DL il
MM R (1], A B2 4,2013,33(7) :2 071 -2 083. [ Xu
Manhou, Xue Xian. A research on summer vegetation characteris-
tics & short-time responses to experimental warming of alpine
meadow in the Qinghai-Tibetan Plateau(J). Acta Ecologica Sini-
ca,2013,33(7):2 071 -2 083. ]

R R X B, Y, 5. T RS i v 2 ) A My B A AR A
LGB F R — R T RPN IR0 (1), RS,
2016,36(18) :5 759 =5 767. [ Xu Manhou, Liu Min, Zhai Da-

tong, et al. Dynamic changes in biomass and its relationship with

(22)

(23]

(24]

(25]

(26]

(27)

(28]

(29]

(30]

(31]

environmental factors in an alpine meadow on the Qinghai-Tibetan
Plateau, based on simulated warming experiments(J]. Acta Ecolog-
ica Sinica,2016,36(18) :5 759 -5 767. ]

e, £, WA, 55, B AL B SRR K 43 B H A
ISR C)// b E B & I IR e SCEE. JEat:
[ &2 £, 2008. [ Han Xiong, Wang Zhen, Zhao Mengli, et al.
Study of simulated greenhouse effect on water and utilization effi-
ciency in the Stipa breviflora Griseb( C)//Proceedings of Chinese
Grassland Development Forum. Beijing: Chinese Grassland Socie-
ty,2008. ]

. AU IR R AR K A AR R P e SR Bl L R R
W (D). 22 Hfr gl k2% ,2016. [ Wang Rui. Effects of War-
ming and Precipitation Enhancement on Soil and Plant Carbon and
Nitrogen of Alpine Meadow Ecosystem( D). Lanzhou; Gansu Agri-
cultural University,2016. ]

BRER BRI RN , A5 ASLDII T4 T oF s AR B S
sz (1), TR X HF5E,2018,35(5) :695 — 704. [ Chao Ran,
Zhang Dong, Chen Yali, et al. Effects of simulated temperature and
precipitation increase on soil enzyme activity in typical steppe(J].
Arid Zone Research,2018,35(5) :695 —704. )
FEPRME O, KA T R U0 0 VIR 0 S v R ) A TR
TEEI 2R (). A2 K, 2017,36 (3) : 616 — 622. ( Jiang
Yanbin, Fan Miao, Zhang Yangjian. Effect of short-term warming
on plant community features of alpine meadow in Northern Tibet
(J). Chinese Journal of Ecology,2017,36(3) :616 —622. )

Wan S Q,Luo Y Q,Wallace L L . Changes in microclimate induced
by experimental warming and clipping in tall grass prairie (J].
Global Change Biology,2002,8(8) :754 —768.

XUeA: , EAREE I B, 45 A VLI DX VR ) 24 TR & 3l
J2 R SR R R A e (T . UKk 42,2015,37(3)
668 —675. [ Liu Guangsheng, Wang Genxu, Sun Xiangyang, et al.
The response of soil moisture in swamp meadow in the source re-
gions of the Yangtze River to artificially warming(J). Journal of
Glaciology and Geocryology,2015,37(3) ;668 —675. )
TG, VA R, 5. R TR R AR D 222 A Kk g
PEISEIR A5 (J). Pk 1R £,2003,25(6) :653 - 659. [ Wang
Genxu,Shen Yongping, Qian Ju, et al. Study on the influence of
vegelation change on soil moisture cycle in alpine meadow []).
Journal of Glaciology and Geocryology,2003,25(6) :653 —659. ]
Klein J A, Harte J,Zhao X Q. Dynamic and complex microclimate
responses to warming and grazing manipulations(J ). Global Change
Biology,2005,11(9) :1 440 -1 451.

K, T X [ AR 4. AR R R X 32 KR XA
s T A A R eI B (I vk )1k 1 ,2014,36 (4) - 1 002 -
1 010. [ Gao Zeyong, Wang Yibo, Liu Guohua, et al. Response of
soil moisture within the permafrost active layer to different alpine e-
cosystems [ J ). Journal of Glaciology and Geocryology, 2014, 36
(4):1002-1010.)

Fouds, TG , T ETE, 45 FDR 75 5 28 17 b ek 20 ik o
AR SE SLREHICT ). X H#13H,2006,29 (4) :543 ~ 547, (Li



ZEHEPEAE IR T R IR 2 AR XA AR K T K 3l SR e

Yuanshou, Wang Genxu, Cheng Yufei, et al. Field calibration of alpine meadow [ J). Arid Land Geography,2006,29 (4):543 -

FDR probe and its application in measuring soil water content in 547.)

Effect of Short-Term Warming on Dynamic Change of Soil
Moisture Content in Growing Season in the Permafrost
Regions of the Qinghai-Tibet Plateau

LI Yan-ping', SHI Li-jiang’, XU Man-hou', LI Wen-gang’
(1. College of Geography ,Taiyuan Normal University , Jinzhong 030619 ,Shanxi , China ;
2. College of Resources and Environment ,Shanxi University of Finance and Economics,Taiyuan 030006 ,Shanxi, China;

3. Institute of Agricultural Resources and Economics ,Shanxi Academy of Agricultural Sciences , Taiyuan 030006 ,Shanxi , China)

Abstract: The typical alpine meadow vegetation types in the hinterland of the Qinghai-Tibet Plateau were taken
as the research objects,the global warming was simulated by infrared lamp heating method , the values of soil mois-
ture content at different depths of 0 — 100 c¢m in growing season (from May to September) 2012 were obtained by
water probe,and its response to warming was analyzed. The results showed that: (1) Short-term warming increased
soil moisture content in alpine meadow,but the increase was not significant (P >0.05) ,and the average increase
was 2. 85% ;) Soil moisture content decreased at first and then increased with the increase of soil depth,and de-
creased to the lowest value (13.8% ) at the depth of 10 —20 c¢m,and reached the highest value (20.57% ) near
the depth of 60 — 100 cm. Soil moisture content at 10 —20 cm depth in the control group was significantly lower than
that in other soil layers in five months,it at 0 —20 c¢m depth in the warming group was significantly lower than that
in other soil layers,which indicated that warming affected significantly the topsoil (0 —10 ¢cm deep) moisture con-
tent, but slightly the deep-soil moisture content,and the short-term warming had no effect on the vertical distribution
of soil moisture content;(3) Soil moisture content was in an increase trend with the time from May to August,which
indicated that the soil moisture content in growing season in Beilu River Basin in the Qinghai-Tibet Plateau in-
creased gradually and to its highest value in August,and it began to decrease from September,but the decrease was
not significant. The change trend of soil moisture content with the time in the warming group was basically the same
as that in the control group.

Key words: soil moisture content; alpine meadow; simulated warming; growing season; permafrost; Qinghai-Ti-

bet Plateau



