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0.24640.038. 0.39640.030 F 0.17620.022, XL =l
IATLA M ZEXT R InR B TLF-HE R (43 B L
0.215. 0.210. 0.126), A FLA Hh 2R i o s e T
A& /NS 7 BT R PR W R DR /IS R AR A A A s A

Hh X A /NFE P 25 ARNAH IR A4 0.61140.134(5K 1),
X5 W A A e B2 InR - ¥ 4E LT AR [H]

(0.675), fHIEASKLS 1R IR X EUE AL A R A
AR EIES AR .

X1 FEHRAL IO H b &
Table 1 Effect sizes (InR) and Gaussian distribution of yield in different regions

MY Effect size InR

= 404 Gaussian distribution

[X 13 Districts

P18 Mean 95% & {5 X [A] 95% Confidence interval A Xc w R? P
7k Northwest 0.246 0.038 51101 0215 0216 0941  <0.001
#1k North China 0.396 0.030 191948 0210 0177 0859  <0.001
fErF Central China 0.611 0.134 7.062 0.675 0.772 -0.068 0.128
1E7R East China 0.176 0.022 106.719 0.126 0.079 0.947 <0.001

ECPEME: IMBCTERRNAE: SHEAL Xe Ml w BEF O ATRENSE. £ () HELEXL, FH.

Note Mean, the weighted effect sizes; Parameters A, Xc and w are definied in Equation(3). The same as below.

BARE, SEBYWAERMEL (R 2), M
KON WP 39.34% (B AZIX ] 37.01%~
41.70%), fEHEPEIL. b, R AELRMX, &

INFEFEERINAE ) 95% B AE X B AN E 0, I
S B PR RONL, X N3 PR Ay )N 27.90%  47.49%
84.25%7F1 19.56% .

k2 EBRANE S EHREBBE
Table 2  Effect of irrigated winter wheat yield in different regions

95% H {7 [X [H]/% 95% Confidence interval BRI

[X 1% Districts BFF Index  ZE{L3 Change rate/%

TR Lower limit

_EBR Upper limit Heterogeneity test 12/%

7t Northwest 27.90
3k North China 47.49
e Central China 7 H Yield 84.25
#E7R East China 19.56
S 4% Overall 39.34

23.11 32.87 96.023
43.22 51.89 98.615
61.07 110.76 98.988
16.83 22.34 97.000
37.01 41.70 98.343

2.1.2 A E KB EN KRB

Meta 73 HT45 KM, PHAbHL X HERE 4 /N2 oK 55
FIFHRCRSEA N AE IR 24 0.06040.059 (3K 3), &
Wi MG SRR, X S AL, BEREX &/
2 K4y R FHRCR o W ., S5ONAE (AT o A 2
B Hdb. SRR IR X A& /N2 K o I 2k

REEERNAE InR 4375 0.044240.028..0.29440.084
-0.08240.019, X5 Amila M2 M InR %)
EEHUE ERIFE R (5l 0.026. 0.326 5
-0.100), Tt BANA i 28 Bt b S Bt 7 4 /INZZ 7K 43 1
RN TR PRI 0] ISR/ IN PR S AR 50 A 15

k3 KHA R EBALE S5 bk
Table 3  Effect sizes (InR) and Gaussian distribution of WUE in different regions

RNAE Effect size InR
[X 13 Districts

1734 Gaussian distribution

“F-¥{E Mean 95%E {5 X [A] 95% Confidence interval /% A Xe w R? P
Ptk Northwest 0.060 0.059 31.423 -0.059 0.131 0.635 <<0.050
44k North China 0.044 0.028 143.455 0.026 0.155 0.982 <0.001
4 Central China 0.294 0.084 16.236 0.326 0.275 0.575 <<0.050
1B 7R East China -0.082 0.019 53.703 -0.100 0.113 0.861 <<0.001

TEH EASE] X, HEBEXT 4N K o R AR 5
WAE (R 4). Fadb. FEACRIAE 25360 6.21%.
4.57%F1 34.18%, 7R HUIX 1)K 73 R FH RCR AR b %N
-7.84%. W0, H5AEEAGEBRAE, BEREANER
K 53 T FH R BRSP4 0 3.39%, {ELAERE N & 5N
FEMERMX, SEFHANERMEL, SR
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BRI REBR /N ZE IR 7 AR 73 ) R38N

4 EBRANEKSA

SRS TSR IE 5, KA ERIENH REERIEHN
FAE SR, AR AR R RN AE R K
PR NAE A S, TG, BB EHA
I A2 B b 52 i 38 = S K 4 R R AR A, %A
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Table 4 Effect of irrigated winter wheat water use efficiency in different regions

A%

95% 1 {7 [X [H]

95% Confidence interval/% PR

[X 32 Districts FEFR Index

Change rate/%

TBR Lower limit

H i 1%/%
R Upper limit eterogeneity test 1°/%

7k Northwest 6.21 0.05 12.75 97.091
416 North IR e 4.57 1.63 7.59 98.313
#r1 Central China Water use efficiency 34.18 23.32 46.00 98.160
475 East China 7.84 -9.54 6.11 96.809
Sk Overall 3.39 1.75 5.07 98.228
& 5 BBRANEFE LKA R REQF ST
Table 5 Heterogeneity analysis of irrigated winter wheat yield and water use efficiency
7 & Yield K5y R R WUE 7 Yield KA FI R WUE
FEFR Index FEHR Index
Z3 Coefficient ZH Coefficient Z 4 Coefficient Z ¥ Coefficient

#PE Intercept 0.272™" 0.052 #BE Intercept 0.447™" 0.237™

EBERE A Irrigation volumes 0.001™" -0.001™ FEWEEA Irrigation volumes 0.001™" -0.001™"

A WIFE R R PGP -0.001"" -0.000™"
TR AP -0.000 -0.000

A Wit ATP 0.019 0.015

St Heterogeneity 14.51% 7.89% 5t Heterogeneity 7.84% 5.64%

VE xR R BIRIRTE 5% 1% 0.1%7KF 3, 7R PGP, ATP Hi AP 43-Jil & precipitation of growth period, average temperature of growth period and

annual precipitation.

Note Significance of effects with P<<0.001 is noted as ***, P<<0.01 is noted as **, P<<0.05 is noted as *.The letters PGP, ATP and AP are precipitation of growth

period, average temperature of growth period and annual precipitation respectively.
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BB AR T AN PR R R o 1 p
s B LSRR B RZRRIR 95% EAE X H )RR
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77 3350 i TR 52 B A TR R B — s 22 5 (T 1))
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B8 7 2R R A B N TGO, YR T T RRE

VEWE T B<<120 mm B [ & /N2 7= B~ 35042 157 34.39%
(B 5X A 30.32%~38.59%), i35 /& T W 5E 4
<60 mm ] 17.23% (E{5X[H] 13.20%~21.40%) .
LjREBE e A<<180 mm AHLL, 4R 453 i) 38 hn 2
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PR 45.65% CE A5 X[H] 39.52%~52.04%) 43 il
Jinoh 53.39% (& 15 [X 7] 46.43%~60.68% ) F 61.68%
(B AZ X [A] 46.81%~78.06%), 134 =3 v 2 S A
HAEE.

VEWEAC /N2 B 72 S S AEAS R S % T A
SR MRS, BB/ N2 HI3E =805 b A= &
B RN A B g (B 1 (b)), BB RN S 3
IR BN S S (B L (o). H{&/NEE
B HIN BN SRR B, BN AR B CF
BIMEr=Ae 72.48%, BEIEX[A] 64.86%~80.45%), {H
A4 H IR AL T T R ECE I A B, R
BRI T &N, (HEE (508 27.56%
A 22.40%) AR T FEM AR, H =3 %2 RIEA
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52 (B E[X 6 25.06%~30.11%- 19.80%~25.05% );
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IR P AR — S R OG0 524 B RAIE Ay 2l .
32.39%. 25.83%, (HLEREECE HIAERIEA IR 28 ”
MR FRRR R S T AN E R R B I
REIALNE P R — N EEAER T BE LS Sl +
BRI (E 1 (D)), BEBRA/NE 7 B4 B 18 "0}
R N RN, AR W <9 CH, &/hFE 0
A1 3R AT 22.00%, 244 F IR >9 C AN, <9 >9
PN R R, 1A% 45.81%. T WIEIRLPC
Average temperature of growth period/°C
N0 r 84 . )
go L (d) A=FWIHIE (d) Average temperature of growth period
S0t 136 RN RO TS £ ARN:E P
§ % gg [ - 243 + Fig.1 Analysis of factors affecting yield of
L § 40 irrigated winter wheat
B § 30 | 136 2.4 ZINFKSFIAMENFIME R
> ig [ ’—I—‘ A WIHEBE S AN HERE S N A/ KO R AL
0 REMREMT (B 2) gEREH, BEL/NEZRIK
S S 5 P ﬁ“ 43 1 D 355 5 258 o Y o A ) 484 00 2 S 45 i ok 2
& Of‘ \%f‘ e () 2a). HEBSEHI<60 mm F1>120 mm H.
S <180 mm IR T K/NEKRIFIHRER, MK
Irrigation volumes/mm ﬂﬂﬂ %ZK’E%K%%’U\J 1.66%3—4] 4.01%, @f&%ﬁﬁﬂ
(a) HEMEEH () Irrigation volumes XE{%%/J\%%%%U)EH %(%%E—XEM% (P>0.05),
% a1 HARXT KRB RAE 2 NME S H 2
L 80 T AR EEZESR (BEXA-1.21%~4.62%-.
gl 1 -0.22%~8.42%) - 4Bk 5 1> 180 mm HL.<240 mm
ig 5 i), A/INEE KA I R A B A HE RS AT R %
Lgw 397 " CAH 7K 43 ) 200% A2 4 % -0.32% , & {5 X [H]
z e T 5.83%~5.51%), [HEFIALE (P>0.05). S
” 10 WL 3> 180 mm <240 mm A LL, 2498 & 45
DT amw s s $>240 mm e, AN AHIADAAIN IR A L 5
P 7 91 i /mm 3 FEAON-11.29% (B 15 X [A]-18.57%~-3.37%), &
Precipitation of growth period/mm A8 N ARG T &/ N K A R % 52
(b) Wi F i (b) Precipitation of growth period M, FEBLE T >60 mm H <120 mm &5 T4
o - a1 INFE IR I RIF R, AHXT 7K 7 R R AR A 7.66%
o | r (EfSXIE] 4.35%~11.09%), #*HIE 4 MR e
£ 1 i AR TFHEm &N K FIRRCE
g 117 SRS 2% A3 i A /N2 FE K AR A &
2 D 125 [ B B AN 9 KA PR, PR KRR
=20 ] T Y TR BCE. BASH (B 2 (b)), HEl
g2 | KN R BT R R AN K R R
10 f RN I A= AR R ARtk 3, RIBEE A 7 AR
0 o - - RN, AR 5 R AR A,
- e B fmm - FRSH 7K 53 I AR 3N 14.07% 1) 1F 25035 i B
Annual precipitation/mm AR 7K 53 ) FH 53 AR A 3R -2, 28% KT G RN, T
(c) “EFERI R (c) Annual precipitation YA H IR EA TR R0, BN KD
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53 FIFH RCRAE A % 5.38%, B A5 X (7] 3.46%~7.35%).
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Fig.2 Analysis of factors affecting water use efficiency of
irrigated winter wheat
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Meta-analysis on Influencing Factors of Irrigated Winter Wheat Yield and
Water Use Efficiency in China
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(1.Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest A & F
University, Yangling 712100, China; 2.College of Water Resources and Architectural Engineering, Northwest A& F University,
Yangling 712100, China; 3.Qinghai Research Institute of Water Conservancy & Hydro-electric Power, Xining 810001, China)

Abstract: [Objective] At present, most of the studies on the factors affecting the yield and water use efficiency of
irrigated winter wheat are concentrated on a particular area, and the study are scattered. Considering these, this paper
reveals the influencing factors of yield and water use efficiency of irrigated winter wheat at macro scale. [ Method]
Based on the published data of field experiments, we obtained the effects of irrigation on yield and water use in
different areas by using Meta-analysis method. On the basis of heterogeneity test, the effects of irrigation quota,
rainfall and average temperature on winter wheat yield and water use efficiency were investigated by meta subgroup
analysis. [Result] Compared with non-irrigated winter wheat during the growth period, irrigation increased winter
wheat yield by 39.34% and water use efficiency by 3.39%. The yield increased with the irrigation quota, and the
increase tended to stabilize gradually, while the effect of water use efficiency increased first and then decreased with
the irrigation quota. When the irrigation quota was increased to>240 mm, the change rate of relative water use
efficiency (WUE) of winter wheat decreased by 11.29%. With the increase of average temperature during the growth
period, the yield-increasing effect of irrigated winter wheat was significant. The yield of winter wheat increased by
45.81% when the average temperature of the growing period was higher than 9 °C. The rainfall in the growth period
had a significant effect on the yield of irrigated winter wheat, and the effect of irrigation yield was the most prominent
when the rainfall type in the growth period was dry year with yield increase rate of 72.48%. [Conclusion] The
irrigation quota of 60~120 mm is more favorable to increase yield and water use efficiency of winter wheat. The study
results can be used as reference for timely and appropriate field irrigation for different rainfall years.

Key words: winter wheat; yield; water use efficiency; Meta-analysis; irrigation quota; meteorological factor
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