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DU ML e FE R ) A X 4, oAl T AR (KT, CKO), B2 ( light grazing, LG ), Wi ( moderate grazing,
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BRI . RIS e AU AR I A5 TR Ak
Jal, SR HAKR IR IIRE (FEBRIY, 20155 #XHT
4, 20115 SRARFFSE, 2004 ), WFFEERW, TER
e FERL A Hb X SR BEOK 5 3 25 AR R K AR
PREEAAR , (IR AL IR 30T A R
Jink, KGR E, ARSIk (&
KA RIS ) W 240 B B 5 ( afed Bt
2013; BIMAE, 2013; BEEEESE, 2017 ). DAFEXT
TFREBAINTE, ERM S5 RGEFEA,
HMRBEREZ (kG F5E, 2015; Franz et al.,
2009; BAHESE, 2014), {HH TN FBSEE U
R Z BRI, 28— B /K A4 K SRR IT
HR X ALk B T B 1 2 T 9T AT B AL L 2 Z W 1) 1R
¥, PIZER ST IS AT 9K R Bt T K SCKAE Mt
FEHP IS (RERREE, 2003 ). A SCRIKEF-
WL ER A B 1 e FE B ) A AR B T AR B SRR 2R
O, FERTHOERE T S FE R AR A 7 Bk oA
ORI PRI T T HORE, X A 75 8 e i s 9 )
A3 R B B K 43 1 SR T RE SO AR B A 7 1 7K 49 )
FHARBLAR AR} 22 i
1
1.1

TR AE H A T IV b = TE ) A S R G
FEFINEL A AT G0 o Wb sl 57 75 i e S AR b
BEARIE 1L AU S8 e A Br g B b, Mk 37°29'~
37°45'N, 101°12'~101°23'E, ¥4k 3 200~3 600 m,
T DXL = R R SR, A AP
ZEXERAIXT 3255 o i T2 B AR 2, %
XITCHH B =2 g, (AR MR IX ], 4
FHRIR-17 Co BERMBEHRIER T, RS
AT B IR o FAK A TR R K
M 5—9 AR Z 5 2R R 80% (4%
YRS 2004 ), FHBE AR MRS B ( Kobresia
humilis ), FEEMNEFH T4 (Stipa aliena ). JFE
IC ( Gentiana straminea ). FERESEINEL ( Elymus
nutans Y13 Festuca rubra Y35 JA 24,2001 ),
ATl ARG, POR A AR, AE
B TR SR AR X B — (A% RAE, 1982 ), +
BN SRR AL £ ( Mat-CryicCambisols ), 3%
KRB, LR, BE5AFEmAIUE K
RIVEE, 1982),
1.2
1.2.1 %%t

I R R, T 2011 4F 8 I &ET,
SZWAEE (B4, 2011), BOEMEREN
ERHC(XTHR, CKO). BB (LG, 4.5 sheep-hm™ ),
HEE R (MG, 7.5 sheep-hm® ) FIHE ik (HG,

15 sheep-hm™ ), 4 MG K4S, H FEIA BBl 4t ] —
WP R, B0 MR R 4 U
|49 H 20 H—K45 H 31 He.
1.22 ZF %554

(1) IS KR KR

2013 4 5—9 A4H 8 H. 18 HA128 HRH
TAEECEE, R 0~10, 10~20, 20~30., 30~40 FlI
40~50 cm 752 H3EFI e H TR KR M, M=(t
e - I T )/ T E X 100%, % 5 PEE .
FIEFRWGESS 2~3 d, PIZBOREIS SRR, T
JETE 85 CHU Mt T EIEEAARE, FIFHEET
BASH) A KR . R BAE R A bk i
HTERE

(2) HRIRA 5

W B PRSI X g o ks, i 20
mx20 m FPUIX, PLARo 5 K 20 mx20 m B A
AR S, BRI X 5 A (R ).
4 50 cmx50 em ¥ 5 N LR AT B J1 5 HLTE B9 T 5
A%, FHMNAEA 8 em AURREL 43 BI7E 0~10, 10~20
H120~40 cm JZREUCEAE, DLIE HL AR R A=Wt
B 3 AERE ., MYIERKRY (498 AIK—9
) Ao 3R B e AL A e (B A b i)
KAy (ANPP ), R sy JE R fa) b X Hb T i 0 A
Fei (BNPP ) Wil E o R, — 8RR % ik
(4R e KA A F o S /N e 250E ) oF
AT ( 2R 04, 1998 ), Horr, ¥l A 7= & ( NPP )
pis: 0 N L R [ JI A e = vy |

(3) B3 KE (AW):

KA T2 B K (XA, 1999 ):

AW=ZS:(WU-WL2) (1)

Wii=0.1xMxRxH (2)

A, WL LE (54 10em J2K) i /Y
FHEIKE (mm); Mo EIERTESKE; R ASE
M+IERE (gem?); HAHIZHEE (10ecm ),

(4) FLPr7gHla

KR FRIK - A . (X E P4,
1999 ).

ET=P-ffR-AW+AQ (3)

A, ET WEFRzEHteE (mm); P oMETELRFRK
& (mm); MR (mm); R MR (mm );
AW F—E R A LK ARk (mm); AQ
it —HIERZ KB IR T KA e R (mm ),
M TR FE R AR AR R E TR = 48, R
FRTE 40 cm LUF oAb, IF HEHR)Z HAHKR
H K, BOK T BAZBRE, 148 50 cm L
TABRAE, HFKA3 m 224, #F KX K
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MNAVERIFFAB S, MORA0=0, [, mTsck
MV, H S S JCE PSR R N kAR, AR
WALES, WO AR (-0 ), Ak, X0
HEWE (R=0), /K2 3K ks, B+
VR B AR AL A2 R RN o SCHP IR fRTEEH LA [
K5 PR ZE HR = AT AT T AR A KK 4y
THCROL, DA R KRR IRIRIE . AR S PR
AR, 5 F 2 8—28 HAATHE, 6. 7.
8. 9k A 28 H—AH 28 HAYATHE.

1.2.3  Hih A KA A R &

i 9 L) SR 28 O FE B B A 1 K 43 r
AWM TYIRE R, BRSSO AR A2 (57
MB£%, 2014).

Y,

PWZEd (4)

1

K, Py MKAARCRI A Yo B i ta
MESENTY R ER (gm?); E AN
B IHFE T 28 Bk R (gm? ).

iz ] Excel Fll SPSS 19.0 #cf4:%F Firill 52 A it

PATGETT o3
2
21

SEHOMICHBR L AR K ZE 0~50 om I
IKETEA R HAFEA—E (B 1), A5 A
THGZHET R, 6—7 AR, 7 Hha))a T e,
8—9 A¥ITHE I, 9 HWILLS Bl /K sl b 22
18 TR XV AR 115 5 ] IRJZ L3 E4EReAn
WFRBEWH S, 6 HLURKOKIESIVI, DURAHRE
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Fig. 1 Seasonal dynamic of soil actual water storage and precipitation
in 0~50 cm of plant growing period in 2013
Rkt T 10 d BBURK
Precipitation is 10 days cumulative precipitation

between every two observations

Kl frp A, AyE R R A L.
FER AR ZE, WOURRR B T 85w — 1 - S
PRIt K EAR—E (E 1), 5—6 A%, CK £IH
v ) - K O I K AR, HAH
HRIZE SN AR . 6 A AILLE, CK Ik &E
5 RCHCRS B b 22 RN, (HATR SR B R, X AP 2
ST dERER 9 AR M5 H 8 H—9 A 28 H 0~50 cm
T EEH AR E, HIEFOKERI N CK>
HG>LG>MG, 435k 222.82, 199.71, 189.00 A
187.69 mm, LG 5 MG ZH2Z5A8E, 1
HAth AL HH 2 (0] 2 55 8 2, Ui CK 5 cHct A
U AR e R 1) 4RI K
2.2

1 oo s SRR OB T AR AR K
TR S PR ORI 2 AR ERIE (5 H & 8—28 H
HATHE, 6. 7. 8. 9¥h EH 28 H—4H 28 H
FIETHE ). 2 1 AT, ASFEHRBEE T P A
PSR RO e K ZE AR — B 28
IR BN 5 A%, 6 AJFHATE, 7
Az kBl DR R, MiZT 28k
AEL P g R A AR, SRR . Bk AR
s —H, SR, ERYIEIE CK. LG,
MG F1 HG FE# 1) SEPRZE M 7351 389.37.350.17 .
346.15 F1355.74 mm, L5008, 2R T
FB SR ZE AR S HCHOh 25 57 B2, BERIX SEPRZE L
W, FRORZ, RRERAG, AR 22N B .

1

Table 1  Seasonal dynamic of vegetation evapotranspiration under grazing

gradient in Haibei alpine meadow

Grazing

Item .
gradient

ay June July August September Total

Procinitati
recipitation/ 260 850 79.0 84.0 532 3272

mm
Vectat CK 4030 9629 12660 7491 5124 38937
egetta“"“‘ LG 3048 92.05 12274 62.12 4279  350.17
CVAPOUAMSPIT 1 29,11 74.92 117.08 7370 5134 346.15
ation/mm
HG 4932 5734 13505 6991 4412  355.74
, CK 1432 1130 476 909 -195  62.17
Vegetation

LG 448 7.05 43.74 -21.88 -1041 22.97
MG 3.1 -10.08 38.08 -10.30  -1.86 18.94
HG  23.32 -27.66 56.05 -14.09  -9.08 28.54

water deficit/
mm

MRPEAE R ZE B S MoK R T AR K 2 H Bt
Bk 5B F 1),5 AR 7 A8 30K 5 B,
i 8 AF 9 AREKENEA4, NAEKFHRE, CK.
LG. MG 1 HG BIfEAEK 5 604, 400k 61.17,
22.97. 18.94 F128.54 mm, LG Fl MG 5 fititi/b,
MABREZE 5 MK S 22 E AR 77 SRR
FHOAF TR IR , (BT BRI SR 2
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REMPE S, A S BB KRS

FEREAEAE Kt B, R TRIACFRAE B AR 2%
25 AR A 55 ) A B K A7 A S 3 Y TR A 6 6
%, iR, CK. LG, MG fHG &4, 2
KW B 5% B AR 35 ) S A KA TR
IR, EREERTROK R 22 R R, SR
SERZE R SRR R A R ECE IR [R . CK L LG
MG il HG HIAHRZEE 2 5 K S AEAE IE AR DGO
2, MXZRE M 0.687. 0.764. 0.710 F10.641.
2.3

PORBREEREMA T, 2E R b o i R
. MRESEESFAARRNERE, REHEY,
AT IR A ORI AR R 22 5 (i Tl
Y1 9 AR e b g A i, BT LI Zg R
KHASH 8 H—9 H 8 HIWRIME ), Hh#E 2 n4Hl,
ML bR G A R R A A G AR R ) e R Y
LG, MTFERIHRA " BRI MG, i CK 5
HG AEAXTE/N, UL IE B A T4
RO R A R 0 7 e s P ol S s
T, HEg A e o, ERRRRE T
R A M T A8 G A 7 o R 4 5 43 T & A
54k, CK. LG. MG. HG #5024k 7 a4y
R I A re R 2,66, 3.10, 4.14 Al 3.61
o R R X RS R 43 - S B b
TR R R v ) G T B K o R R AT TR
i, CK. LG. MG Hl HG EAHb |7k 5% H
B 0.37%. 0.55%. 0.56%7F1 0.50%.

2

Table 2 Variation characteristic of NPP and WUE under grazing gradient

in Haibei alpine meadow

Item CK LG MG HG
ANPP/(g'm?) 344.61 418.86 333.65 340.84
BNPP/(g'm™ 915.01 129798 1381.01 123042
NPP/(g'm?) 1259.62 1716.84 1714.66 1571.25

Evapotranspiration 342.58 315.00 307.30 317.74
AWUE/% 0.10 0.13 0.11 0.11
BWUE/% 0.27 0.41 0.45 0.39

WUE/% 0.37 0.55 0.56 0.50

3
3.1

ORI B T E 2RI (K AR
RISEI , 15 3K A2 R M FE R RN DA
Ko HNIFEE (2015) BFSEA A A K2 KTt 0T 1
g DX TR i SR K BN 23 A S ) R N
B, LKA 73 AR ALK BRI s
K BIMZEE 2 k. ABSERY], AERAE

WAL, AR A K2R 0~50 ¢ m T K E |
PR EC R TEAE K 1R I AR —3 . 0~50
cm HIESEPRIE K SR KB RIE 5 A L6 A
SR, 7 ABAR, 8 A, 9 HAMbZRE, mitHgss
Pragsaa WItFAH i, SR XA b A, X AR
L5+ R XA —E 255 . b FER X
5 ARSI R RIZIRZM0ER, BIREN
TR K A TR R EE IV E R T A 5E3 LJ2,
R)Z T IABRATFIRERAS, BHBR T KT 5.
TNz PEBHCRAL TR E R, AR GEE , RN,
MR BV, PR AL, GRS HERZ
FERAMZBIRRM], T IESLBRIE K S A, (EA
PR AR 6—7 AYI, FEKIEZ, X 30K
AN, R T KR B Rk
BT R, HHERAIIE, b — e sn i AR
78, SEGERCEIME, Mg, 7 A
A A, BEKID, AR RERR, AR
I RAF RS . P AR TR A R AR A
Iz REZE R AR, FERRE K B, 3K e ™,
TR E TR E . 8—9 AWK X EINZ,
BARERA A B 2R EOR, (HRKRMA R, -
K ESEN. 9 AWILUE, HgEAEREK,
FERE R ZE ISV S, FE HLR A R R, —
TR RBEUR e LR, WK T HIERIZ A,
i FIERE RIS, R FREE IR PR, LI
PUGREEFIG:, AT XK m0 . BAREE KR
D, BFERESEPR SRR R, SRk
WA R, IR OKERERE K S .

JUE TR RS BE T I K o e 28 R 2
AR —E, (HHOT A A R B S BRI
7K R AV B 78 R A ] — AR —3, N5 8
H—9 H 28 HkKFE, 0~50 cm )2 + O K &
FKHN CK>HG>LG>MG, HIREKEAE A G
T KA —E AR, (A CK 11
KRR R . FRAIE 5—6 A%, CK [RH4E
R, AR & RS, iRy, IR E
W, FLBRER R, SSHOA R b RE S 2, B
SVER 158 (HERE ) - KRARFHIK B %%
s, AMUATIEZEREK BB A48, BORFEEE
AR BOKABOREBUR R, 1 H AR
TG B RZMEZ LS, Mg TR+
L, BEEREXT UK AN VE I EK
(1A, 2R R 3R KB Jidam, TR T
LK, RO A2 K R, AR
TEARRTRAG, HHERchESE, IR R, HHUER
o B AR L B 22 S/ N R AR A B o B R S BR
ZERCER R, R TR A T R £
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SERIAETEY), SRR A B B R IER L R —E SR
WYER, nz b AR AR, nsE TRk
AB R 2 HIX B ZE K, IR A G HR
K MBS T RO, R R R R
BSOS IR E BN, RRIKA
BRI, AR, KRR
SRAN, SR LA S PR AR R R
3.2

ZICEEM), MR EPRZR O Z R . RRK
FaYIAE R AR P E 3 N A B MR RE T
TP RE to G w78 L ST A PN [ -1 P |
T = FE R ) 1 A IR AR TS R G P K R K
) FEANAIR, WIRAE R ZEE KR, BRI 3ok
TBRAZAY A R R R AR 2R E TR AN, AR
PN 520 v @ O 2 O w80 S T4 SO =71 5
T R T o b e AR R PR R . AR
WF9E KBTS SR HOA JE A R CRGR R IR X, H
R ) 2E 5 5 R K i S B (35 A IE A 6 2R
(P<0.01), PUHGREEANT], HASCRE NS A 255,
{A¥R R B E Ko Al B T FE S
SRR AP EIR ULRT , 78RR PR — SR
T, MO IEZ R R AR Y . HE AL,
Vi IR R B YIS — RV R A
[i) Fsf 1, 32 1) 52 7 %oF 4 398 e B 100 552 e - 850 - B 0l
SERREEA—. BAn, FEREEECE SR B
IR e I O (32 2), RIH )
P, MRS HOE . R, Rk
AR 3 A A 9 SR O PR 2R X 2R A AR R
3.3

Vi 1Y v 9 ) L X R K T2 A T R )
HRKZ 5—9 ARBKE 2N SF KR 80% (2
BAEAE, 2004 ), = FE RN AR L FRAT 43 5
A (FEPIERERKE). 6—7 1 (Y EA
KI). 8—9 A (A KA (L0554, 2013 ).
18 FASTA] A A S AR5 A B A KRS
R K R PR M EFEZE R . AR
FHT, IR AR TE B PR A AR O & A B R AR Ak
Gh, HA SR R A B AR, SRR IR
FIHOK IR FEIIRE (RBIEIESE, 2011) o AR
BN 21 O A ) S RERELL R A ARtk iFh
FEM: R e g Az r= TR, VR S 3 Bl
Wb, BV SRR, RIEFLBUERER, +
HEZS RN, 3ERKAE S TR ( Wheeler et al.,
2002) o M2 ATAHI, mFEREME A K FERK
SERFIHFELB N MG>LG>HG>CK.. AE4kE
HTRAETENWEE, AR Z, XK
SREKA — B EEIER, LR EA KM,

XLERE KA A TORRE K 3R R RIS, W s
ARSI TS BE RO R L, BERE R
TR A SR

AHF T T HOH A BT R FE ) - 3K
SRR SR ZE R I 2 1 AR RRE , FEXEA TR
FERBEE N FE R ) K 3 A R FH 380 T T LA,
X T e D e 9 ) ) K VR A 7R A S IR AR
PHABRESEME. HE, mIE M EY KR
FIRE S PR B 2 B K | TR SR IR RN
WA ORI RIS 3K B SR S PRk
R EET R, UUKLRRK . . H# B4
L TR ER RN LR R R
fREZmaALE], A et — T
4

C1BERREE T HHE kE e AE K 2T A s
HESEA 3, AR A= K 0~50 em THESZBRIV K REH
RS AL 6 A, 7 BB, A&
5 8 H. 9 A e TteE . MpEZT2 b 3K 5]
G RAEZERITANAI 2 SRR A TR RAS K
e B .5 A 8 H—9 A 28 H 0~50 cm +J2F
3 KRR CKSHG>LG>MG, %14 | CK
(1) LB KRR, UAAH CK BT 135K S
T, i - S K N

(2) A[FHUERREE T & FE R ) AF Y SEPRZE
T KB RIE A —B, ZZRe R H 5
AABFREAL, £ 6 AJFnTteE, 7 AZBuEissx
KAE, VUGEZEE T M. NIRRT iR #E S2br
R AE] — B fE— e 225, 5 H . 6 JIfHdk
ShRZERCEE SRR, 7TH . 8 AL 9 AEREUN,
BA L, CK 5 HG MBS iR R g
SR HCE 5K E SR EEEMEER, HERK
ZK AT 5 HORE, B LG 1 MG 5, ]
RE SR E TKIRMFRRE A XK.

(3) FFER ) R w 7E AR KRR A R R
FKHHN LG, MG %, HG 8%, CK KA
FIFRIAR, 150 IS B U RE A 3 AR B K A L
FIFH,

FRANZ R, THOMAS W, ADM L, et al. 2009. A strip adjustment approach
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and Remote Sensing, 47(12): 4083-4091.

MCMURTRIE R E, BENON M L, LINDER S, et al. 1990. Water nutrient
interactions affecting the productivity of stands of Pinusradita [J].
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community [J]. Journal of Range Management, 55(1): 49-56.
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Study on the Actual Evapotranspiration and the Effective Utilization of Water
in Alpine Meadow under Different Grazing Gradients
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1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810001, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Key Laboratory of Adaptation and Evolution of Plateau Biota, Chinese Academy of Sciences, Xining 810001, China

Abstract: Dynamic of soil water storage and actual evapotranspiration calculated by water balance method was studied in in Haibei
alpine meadow under different grazing intensities including grazing exclusion (CK), light grazing (LG), moderate grazing (MG) and
heavy grazing (HG) and water utilization efficiency was also compared. The results showed that soil water storage varied similarly in
the growing season. It was higher in May and June. Then it decreased in July and increased slowly in August. The average soil water
storage in the layer of 0~50 cm in different grassland from May 8th to Sep. 28th showed a trend that CK>HG>LG>MG, with the
accurate number of (222.82+7.07), (199.71+4.52), (189.00+4.37) and (187.69+£3.93) mm, respectively, showing that grazing
exclusion could increase soil water storage and the difference between grazing exclusion and grazing was significant. The actual
evapotranspiration had the similar seasonal change in the growing season in different grassland. It was lower from May, and began to
rise from June, reaching peak in July and declining gradually later. In the growing season, the actual evapotranspiration of CK. HG
was higher and LG, MG was lower, with the accurate number of (389.37+3.39), (355.74+5.54), (350.17£8.63) and (346.15+1.31)
mm. The evapotranspiration had a significant positive correlation with precipitation. The water utilization efficiency of LG, MG was
higher than that of HG and CK, with accurate number of 0.55%, 0.56%, 0.50% and 0.37%. This implied that moderate grazing could
improve the water utilization efficiency while grazing exclusion had an opposite influence.

Key words: grazing gradient; alpine meadows; soil water storage; actual evapotranspiration; water utilization effectively



