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PEERG &R “Hu R % #E (subsurface drip irrigation) . fif TG B (B - R KEKM GEHBEW
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Table 1 Region division and experiments sites of farmland in Northern China

Yo Ny =N=] JEE STReee 2 O o L
Xt BRI - )RR Arrl’i’/]lﬁ%mi Nﬁﬁl%lﬁfkﬁ%
Region Location for experiments nnual average tecmperature Annual average umber of articles
(AAAT)/C precipitation (AAP)/mm collected
%4k Northeast B LT ASEE R -0.5~11 300~1 000 7
£k North Wby JbRt WLZR, W 8~15 600~800 25
VUt Northwest — BRp. (v, 7. WS, Hlt. B, 5 1~14.9 50~650 52
F2 BBHE
Table 2 Date classification
— KT T 734 Clusters
First-order factor Secondary factor 1 2 3 4 5
AR LAT AAAT/mm >400 >200~400 <200
Climatic condition AAP/C >12 <12
L 2 E/(grem”) =15 <15
Soil factor Fit Wk et #t
— HEAKATIR >6 <6
B . N
Field management LA IR >6 =6
7 B BN -
T R em <5 >5~15 >15~25 >25~35 >35~45
WA S TR 18] Bl /cm >90 >60~-90 <60
Technique parameters of drip irrigation Sk E/(L-hT =25 >1.5~<25 <15
Tk ) B /em >30 <30 -
[X 4 Region [liiB]+ b #ib
TESEAL Crop type BARAED) WEED P
1.3 BIESH B A &SP bR ez, (R AR A B 2 IR A
131 4k £3t5 FIbRAEIR 2 (Sp), MBS, =Sg VNItE#E; #X

PR AU D P ACR bR HEZ (Sp) I, R EUChRMEE BT ERER, ARAERZEBOE T ME
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2.1 WTEETKEFZENNE
A3 PR R 7K G Ak A e Ak A AT RN = T
HOOH D, 45R2%£W, 5 SDIMLEL, SSDI fJff{E4)
3877 6.66% (P<0.05) , 7K 4> F FH &% 32 7 9.34%
(P<0.05), Z&TriEM it m 6.94% (P<0.05) . 5 )i
PRI BRI, E. KR HREMG S 12 Zit
BN 50.6%. 53.7% A1 62.5%, PR35 % FBEALRUR
B, RFEMMEGRIEERELH, 8. KR HUEF
LV R B RIG IR R A2 A R 0N 4 278 2226 I
524, KT 5m+10, SALELER Flmf .
2.2 ARXE., SETHTEETKEZHR S
AS[A S AR 24 R, SSDI % SDI 7 7K 3 77 B R AN [A]

(J¥ 2a F1E] 2b)

HRas |
Net benefit

—as————— m=31

kAR AR |

—a——m=148
Water use efficiency "

i |
Yield

s J

10
TR
Relative increse rate/%
o m ARERFEAE, RELFR 5% BEXIA, HIRELEBEHT, £
INREERFINT IR 2 (B E AR E (P>0.05) R
Note: m represents the sample size and the error line represents the 95%
confidence interval. If the error line intersects with the dotted line, it means that

the difference between the treatment and the control is not significant
(P>0.05),Same below.

A1 R TFERBAHERET K =R
Fig.1 Effects of subsurface drip irrigation in saving water and
increasing yield compared to surface drip irrigation
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Fig.2 Effects of subsurface drip irrigation in saving water and

a PR KR
a. Increse rate of yield (RY)

increasing yield compared to surface drip irrigation in different
regions and climatic conditions

P 2 %, 5 SDIAHEL, FEHAHE =12 fil<12C
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SDI 115 K3 = R FEA R ZE (P>0.05) . 5 SDI AL,


http://www.tcsae.org

912 3 5%

QA A EAR T H DA [R5 2 ARG AR Meta 73BT 151

SSDI 1] fd Fi Jb A1 A AL M X AE 4 5 38 19 77 7.02% 1 5.04%
(P<0.05), 7K 43 FHH &% 8 3% 32 5 8.57% 1 10.46%
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Fig.3 Effects of subsurface drip irrigation in saving water and
increasing yield compared with surface drip irrigation under
different crop and soil conditions

mPE 3 a4, 5 SDIAHEL, SSDI Al i S AR & 1F
V) P 9.70% 1 5.14% (P<0.05), 7K F) FH %%
B EIRE 14.04% A1 4.90% (P<0.05); XFTH#, SSDI
FIKE PRI E . EAE LELME T, SSDI ik
WP R . 5 SDIMEL, IR E=>1.5 Fi<1.5 g/em’
fF, SSDI RIH/EY) & 3 14 7= 6.82% 1 3.12%, Afi /K5 F
FH A% B3 HE i 9.44% F1 3.48%. 5 SDIAHEL, 7E%i+
b Lrp . SSDI /K= U BT, nI e W%
AN 10.92% F1 8.31% (P<0.05), {fi/K 4> F|H 2% 5 3%
hn 8.95% Al 5.25% (P<0.05); MifEE & EE
BN 3.61%, K5 R AR BN 2.58% (P <0.05) .
2.4 ARREEIBER T T REESKE~EN 2

WK 4 fiw, AFERHEEEEE T, SSDI Tk
BORANE . 5 SDIAHEL, 7678 BEFIANE B, SSDI A fif
EYp P8 8 5 B 7.21% Al 5.18% (P<0.05), f#/K%
) FH 2R B 5 B 5.77% A1 8.72% (P<0.05), {H % fh
Bz AERALE (P>0.05) . 5 SDIALL, 7F
REIK B R>6 F1<<6 YR, SSDI AJ W) &3 4 8.23%

1 4.02% (P<0.05); AH7K 7> ) FH 20 % 2 e 7.24%
1 4.82% (P<0.05), HAZERARZE. 5 SDIML,
TE Jifi fE A5 k>6 F <6 X I, SSDI A] i {E 4 & 3 34 7~
10.20% F1 4.62% (P<0.05) ; 7K 4> K F &% % & # 12 =
6.74% F1 6.10% (P<0.05), {HZLEZERAEZE,

2 2
2 2
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= £
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B4 FRIREEEEH T HT FERIE R T RIE Z 38R
Fig.4 Effect of subsurface drip irrigation on water saving and
yield increase compared with surface drip irrigation under different
farm management practices

2.5 AEIFHERAREZEZE T T EET K =H R 5
SSDI # A B 25 AE P77 8 A1 7K 3 R F R0 1 52 0
5F~. 5 SDIAHLL, BEE R IRERIE K, SSDI X}
VEA 7= 8 A 7K 43 ) B 2036 1) s e 52 300 e 38 K ek /s 1)
AaH T EAT R ON>15~25 cm B, SSDI 1 /K 14 7% 2%
REK, mEAKSFHAMEREERS T 8.56%
11.50% (P<0.05), ANFIEPRZ A2 FRILF] 78 EFHKP
(P<0.05) . 5 SDI A tL, SSDI 7E i #E 45 ] 5 <60 Al
>90 cm B} ] {FVEH) 2 25 3 7= 5.80% F1 5.12% (P<0.05) ,
TG WE 717 1A) BEA 60~ 90 cm Ff, SSDI 14 7= %% SN B %
(P>0.05) ; ¥ ¥ 7 8] 2H <60 F1 4~ T 60~ 90 cm i,
SSDI Fi /KR -A 2, >90 em I 7 42 = 7K 23 F) FH 2% %
4.08%, A7) HE Ay [B] 2 2 18] 7= 5 A K 2 ) FH 208 22 e A
2%,
FHIE S BT, 2490 3k 1A] BE <30 F1>30 cm K, SSDI
& SDI AT /4 & 25 38 7= 7.91% A1 6.05% ( P<0.05) ,
I R AR 535 25 10.8% AT 6.6%, {EAN[F) i <k ]
Z AT KB PR A B (P>0.05) . 5 SDIAHLL,
LR E<1.5. >1.5~<25f1=25L/Mh K, SSDIAJ
Ve B 2.9%. 9.8% F 5.4%, HH=# 2%
B BN B E K (P<0.01). 5 SDIAHEL, 763 ki
B>1.5~<2.5fi1=.5L/h i, SSDI 7] 43 5l AE 407K 73 F
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Fig.5 Effects of subsurface drip irrigation in saving water and
increasing yield compared with surface drip irrigation under
different elements of drip irrigation technology
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KM R TR EES (K 2). d M EET A
A3 AT AT I AE S5 B R B <<400 mm N, SSDI 47 % R 2 3% .
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N, SSDI Fi/K¥EM R ELF, hEsE &+ EIL X,
VT A
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) RS, N HE R T PR R AR R R . T sk
TR BN, LB K R T O K, KRR R
BRI IE K. B AR S Sk I & N>1.5~2.5 L/h &
4 SSDI.

N T B B A AN % 4% SSDI R K PR AUR, B
EHRAEORTR, Wk EN MiEd, @Ok LR
B|ON>1.5~2.5L/h, MHEAE KT 35em, FralfEENE
B R N>15~25 cm.

3.3 A RIKREEEEEMTIESE TR EES K~
R

KA TR FFRE, SSDIE/KIAESGEE %, 32
bk, X5 R N R TS A, R e AT B 4R
EEYIFE R, IR T RS AR R Dy im0 E K I OE B I R
VEPDBERL K AR, AT DA KB A %% A2 B KR 75 5K,
RN R B e A S o | N % 178 1B G o 2
Ak ) RBLE R [ AR5 T AR AR, padb . AedbAn A bk
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X ABAAAE — EFEE B 3R AL 7). SSDI Jd it )
VIR Z XS B B 7K 43, AT DO 838 v i 26 2 il 2]
RARX LA, D 0 B BRI &7 A A F 5
M40, DRI, e A A S It S ) b A rp b
X A A P S

KRB FLERFY, HIEAESLS gem’ MR 1
AT, SSDI FI /K= RO R B 4T X AT RE 2 KA AN [F 2
RS KBE F1. K2 B RS AN 2 ORI B S R [ 15,
ATABF AR AR KR IEEE R, btKy Rz
Fem KU, If B AR R B 3R K RE B, AT Ll
P AR B A I B R, R T E R, TR
AR B B R, BB MR, BiKAe frkesEl,
Rl AERD o, 74 i E KO R ek D R K &, DA
DR EBIRHK K. G5, BAER LA L R
Al REIE A SSDI, fE B 4 H S I K3 = 2R
3.4 MR TSR

AW FRAETFR MRV, 5 SDIAHLL, SSDI Al
VEW) ARG B3 5 6.94% (P<0.05), ¥k s af
FaE R SSDI ¢ SDI &5 Uz . HAR SSDI ¥
CEPE A B, (HAE R R A, A
MEAREET 102, HEAE 20a LA, HLHLE&RM
B M B A L SDI A% . 1M H. SDI BN FAE Z= 1 R
IHEE B BE S WS TRERE N BN, M
2K, SSDIf4ER /> 176 h/hm? 3580 711, Rk
2155 B 77 BAS R 7 B A AR AR B OK . {H2 SSDI {E
A 7 S R R R T 3B A 2 52 38 M 1 3 4 e AN AR S B
S, 5 O HE A B R AR m 4 R A, T
SDI Z o W 4Ed 2 A /b . IRILAE SSDI B A= 77 sz g
e B I S RS A A LD BAE R LR,
Yk A B o
3.5 KA. FRMERE

WAL R, EAE R EAE X HE R
TERAR, FrAlRIEEAEY A . A= Sk N5 =
A REARIR,  EK AR IR B R T 6 IR 1R L AIRD &
HER SR R M R s A A R N> 15~25 em,
kBN 1.5~25 L i, HERe R T M, A7
TR F= 2 R

AT LEA 8 T E AL 77 HiIX SSDI #¢ SDI 1 7K
BN = N (S| 270 ke e N | o A R v g e
BAREAE Ry, % s R AR —PRIE. H
FAHE TR SCRRER A IR, VR X B ARE AT
T AN R 7K i A e LA Je A= 75 300 o 7 o A
AIRXT SSDI [T 7K B4 7= R NI AFAE — E fe i, 5 2Rt
R B FE T 2 R 3% DA S BARVE R 4T S #T

4 & B

ARSI OB A [ VE 7 2O VP 5 K 7 R Wi )
EHE, K Meta 538 7 ER AR AL = 244 TR H R T
#E ( subsurface drip irrigation, SSDI) #¢ M & i

(surface drip irrigation, SDI) (757K 34 7= 2 W @EAT T B

5T, S5 UnR:

1) SSDI #¢ SDI 7K # = R B2, wI S {EY) ek
W7 6.66%, Ky FIH AR S 9.34%, 15 Ak A B
6.94%; e E AL HIX SSDI Y 7K 3G 7 3 A 52 X s i,
FEPHALHB X FIAEALHBIX , SSDI ¥ e 1 i VEM = & F /K 43
FIH % SSDI £ 43 % I 2 <400 mm i 55 A F T-1F
YisaRE . DR, BRI R R R I X IR
Fi SSDI, LABE A R BEAE P 7= 345 L /K B

2) SSDI 7Kg 77 %0 5% + 4% . A% 8 FE 5 it A0 g
WEHARE R, SSDIEA T LA+, HifgE>
1.5 g/em’ FF, SSDI 5 /K8 7 2 S 15 2 35 i F-<1.5 g/em’s
SSDI & A T m A i K i A B2 ;5 SDI AL, 7EB%E
PR N>15~25 em VLS Sk &/ T>1.5~<2.5 L/h i,
SSDI 5 /K= R ey KUk, 78 SSDI A= p=stigerf, &
B R, R MBI AR AR E R
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Meta-analysis of water-saving and yield-increasing effects of different
drip irrigation methods in Northern China

MU Fei'? , NIU Wenquan®** , SUN Jun'?, LYU Chang®?, DU Yadan'? , WANG He!?,
LI Tiantian'” , WANG Jiujiu'*

(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. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water
Resources, Yangling 712100, China; 3. College of Water Resources and Architectural Engineering,

Northwest A & F University, Yangling 712100, China)

Abstract: This study was to assess the water-saving and yield-increasing differences between subsurface drip irrigation (SSDI)
and surface drip irrigation (SDI) under various regional, crops, climatic, soil, field management, and drip irrigation technical
factors. The data for this study were collected from literature published before November 4, 2023. The selection criteria
included: 1) experiments conducted in fields in northern China; 2) data collection limited to field experiments only;
3) experiments involving both subsurface drip irrigation and surface drip irrigation treatments, with all other field trial
conditions strictly consistent; 4) the article must provide at least paired data on yield, water use efficiency, or economic benefits
(net benefits), as well as sample size and standard deviation. A total of 223 sets of yield data, 148 sets of water use efficiency
data, and 31 sets of economic benefit (net benefit) data were obtained. The results showed that compared to SDI, SSDI could
increase crop yield by 6.66% overall, improve water use efficiency by 9.34% and increase net benefits by 6.94%. When the
average annual temperature was =12 ‘Cand <12 “C, SSDI could significantly increase crop yield by 11.05% and 5.69%,
respectively, and significantly improve water use efficiency by 8.18% and 5.24%, respectively, but the inter-group differences
were not significant. Compared to SDI, when the annual precipitation was <200 mm and 200-400 mm, SSDI could
significantly increase crop yield by 7.11% and 6.39%, respectively, and significantly improve water use efficiency by 7.29%
and 3.89%, respectively. Compared to SDI, SSDI could significantly increase crop yield by 7.02% and 5.04% in the northwest
and north China regions, respectively, and significantly improve water use efficiency by 8.57% and 10.46%, respectively, while
the water-saving and yield-increasing effects were not significant in the northeast region. Compared to SDI, SSDI could
significantly increase the yield of vegetables, and food crops by 9.7% and 5.14%, respectively, and significantly improve water
use efficiency by 14.04% and 4.9%, respectively, but the water-saving effect on fruit crops was not significant. Compared to
SDI, when the soil bulk density was =1.5 g/cm® and <1.5 g/cm’, SSDI could significantly increase crop yield by 6.82% and
3.12%, respectively, and significantly improve water use efficiency by 9.44% and 3.48%, respectively. Compared to SDI, SSDI
performed better under clay and sand soil conditions, significantly increasing crop yield by 10.92% and 8.31%, respectively,
and significantly improving water use efficiency by 8.95% and 5.25%. Compared to SDI, SSDI with and without mulching
could significantly increase crop yield by 7.21% and 5.18%, respectively, and significantly improve water use efficiency by
5.77% and 8.72%, respectively, but the difference between the two mulching measures was not significant. The higher the
irrigation and fertilization frequency, the better the water-saving and yield-increasing effect of SSDI compared to SDI. When
the depth of buried pipes was >15-25 cm, and the emitter discharge of drip pipe was between >1.5-<2.5 L/h, it was more
conducive to realizing the advantages of SSDI, and the water-saving and yield-increasing effect was significant. In northern
China, subsurface drip irrigation has a significant water-saving and yield-increasing effect compared to surface drip irrigation,
especially in arid and low rainfall climate conditions. This study provided a theoretical basis for the promotion and application
of subsurface drip irrigation in northern China.

Keywords: irrigation; crops; precipation; subsurface drip irrigation; increasing yield; saving water; economic benefit; Meta
analysis
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