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Effects of Ridge-furrow Planting on Crop Water Use Efficiency and
Yield in Arid and Semi-arid Regions Based on Meta-analysis

Guo Qiao', Wang Dongmei', Zhang Peng', Li Zhimei®
(1.Collage of Soil and Water Conservation . Beijing Forestry University ., Beijing 100083, China ;
2.S0il and Water Conservation Management Station of Yanqing District Water Affairs Bureau, Beijing 102100, China)

Abstract: [ Objective] The effects of ridge and furrow planting on crop water use efficiency (WUE) and yield
were systematically evaluated, and the main driving factors that affect the yield increase effect of ridge and
furrow planting were studied, in order to provide scientific basis and theoretical basis for the promotion and
reasonable application of ridge and furrow planting in arid and semi-arid rainfed agricultural areas in Northern
China. [ Methods ] Using flat cultivation as a control and ridge-furrow cultivation as the treatment, a
systematic analysis was conducted of 68 published studies from 1980 to 2023. The Meta-analysis methods was
utilized to quantitatively analyze the effects of three typical ratios of ridge width (R) to furrow (F) (the
higher with R/F > 1; the medium with R/F=1; the lower with R/F < 1) on crop WUE and yield. The
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comprehensive impact of the main driving factors of ridge-furrow cultivation on crop WUE and yield was also
investigated, with considering climatic factors (i. e., annual average precipitation, annual average
temperature) , soil factors (soil density, soil nutrients), and human management factors (fertilizer use, crop
types). [ Results] Compared with traditional flat cultivation, all three ridge-furrow ratios significantly
increased crop WUE and yield, with significant differences observed among the different ratios. Under high,
medium, and low ridge-furrow ratios, crop WUE was significantly increased by 34.9%, 27.48%, 32.4%,
respectively, and yield was increased by 39.94%, 25.98%, 34.93% ., respectively. The high R/F ratio (>>1)
was applicable in regions with an annual average rainfall of less than 400 mm and an annual average
temperature of less than 8 °C, while the low R/F ratio (<(1) was more effective in increasing crop WUE and
yield in regions with an annual average rainfall of more than 600 mm and an annual average temperature
above 10 ‘C. The high R/F ratio (>>1) had a higher yield-increasing effect under conditions of low soil bulk
density and high soil total nitrogen (TN) content, while the low R/F ratio (<{1) was more suitable under
conditions of high soil bulk density and low soil available nitrogen (AN) and available phosphorus (AP)
content. Intensive fertilizer input significantly reduced the yield-increasing effect of ridge-furrow cultivation,
whereas low fertilizer application rates (nitrogen fertilizer application rate of 0 to 150 kg/ha, phosphorus
fertilizer application rate of 0 to 75 kg/ha) resulted in the most significant increases in crop WUE and yield.
[ Conclusion ] The increase in crop WUE and yield due to different ridge-furrow ratios was influenced by a
combination of climatic factors, soil factors, and human management factors. Ridge-furrow cultivation was
more suitable under natural conditions of scarce rainfall and low soil fertility. Applying low amounts of
chemical fertilizers can optimize the yield increase and water conservation benefits of ridge-furrow cultivation.

Keywords: Meta-analysis; ridge and furrow planting; yield; water use efficiency

FI Tl L M 2 R A B R L 2T BT 1 AR B
B P ) e AR T R AR I ORI % B £ UK K
AR . N F O ekl E B A fedb Sy N+ PO, HEARAEJy 200 5 100~307 + 154 kg/hnt
FE R P EER T K S L kR B R R R PR L b XA g B K Bl
AR AR T ks RRRREY 173 ke /b,
ﬁ%ﬂz@m%ﬂﬂﬁ%%igﬂg?(ﬂo ﬁtﬁg‘y&ﬁﬁ Hﬂ%:iﬂlzl‘ﬁ]ég/fc,f&/%{q:\ifg%‘sﬂ\ﬁ*ﬁ’f/ﬁ%\j\
e B L 0 LR o gy VIS5 4 AR P LR
AR L B T 5 B 7l X 2 14 0

Ot R R T A TR 8 B X
. E;;;igiﬁgii;g?;ﬁ;ﬁii SR 1R 7 22 9 xR IR K 4 ) PR % e
s Bt gy BRI AT %4 Mo I
oo AR R T A T kT 5 S KR L4
G 4T 6D 0 R K O - K R M N O
B R (K FURECRS (escg,e R H AC RL AR R A
R R B R B e ) WIS, Oy O A R L
e BN A4k LK (WU I
P ﬁ;ﬁ%;ﬂiﬁﬂlﬁm@%i@%ﬂﬁﬁ %?ﬁ’mj}m@m%ﬁEQ%ﬁ'Jﬁ’MTlWTE
RO B 01 3 D TRk o e WUE BIZ USRI & 7 L
) K22 CHIVEE S B K e AR - MR 22 3
A AR M B G M D AR AR e g g A S R B 2 R AE H AE B R
KSR IR 5 5 0 T B 7 R T 0, e s
A X TR 2T H ST 1 AR o
PR LR OCD T s Rk ok 1 MORHREJTTE
TR RO . T RN L1 SRR S
S BRI % BB 6 T 1 B 0 KBRS AE Web of Science 1 %1 i Chitps /



192 7K R E

544

www.cnki.net/) bl FH 28 15 4§ Fi ke A VR 4 7 ik AR
¥ WUE ¥:& T 1980—2023 4F 1 J Z R & 2 1 AH 6
H T iE1T Meta 43 87 B 5 22 i A bm o 22 5505 B
FEATVAEFH LA B o % Sk HE AT 0 5 . O W 5 X IR
T EA T FER X @il T = 1 A,

B EERBAKT 3 K, QIRBOF T K A
FUOF B 20, B B 28 0 4 TR AL B FAL 8 F-AE . @ Fn i
FEMIF AR T oK /N2 B R B, © Sk
rh 22 0 Ao 7 X Ok 28 7 56 58 U VR RS L 7 v R A
YEW N EATHEBE . il 48 2 200k 68 4, SCHR
A S B b s 2R 44 R D

x1 XESER

Table 1 Sampling point information

Rl % 2 SN e A
118°57'E 39°18'N 600 11.4 FE LT VS T 2 X M R T A
117°78'E 35°2'N 878.9 12 LU 2R 48 I U T 9 B
108°52'E 34°36'N 560 10.5 B P 48 Jal BH 17 247 1l
108°04'E 34°2'N 540 10 BEVE A8 e i JH 2

£ XK 107°41'E 35°14'N 549 9.7 Bevh g K Bt R T RN

106°20'E 34°10'N 550 11.5 B 74 A8 Y] BH L PG bR R K A B b o
106°79'E 35°86'N 430 8.0 TR % 6 XS 8 L AR RE
106°45'E 35°51'N 440 6.1 TEEETZHE
106°02'E 36°78'N 585 6.9 TEH T
110°40'E 36°20'N 565 10.5 B2 VG 45 & BH B H B 79 Jb e MR E K RAE i 50
109°10'E 34°74'N 550 12.5 B2V 45V B T T E R MR K s LR A S
108°52'E 34°36'N 549.9 13.3 B P 2 = D i 56 i

N F 108°24'E 34°20'N 638 13 TG b R AR B R 2 A v S 36
108°04'E 34°20'N 580.5 13.5 PO AL R AR B A [ 5 XA K RO A5 B
106°63'E 35°85'N 435 6.1 e T T T PY b AR MR R A 5 AR M S 5
106°45'E 35°79'N 435 6.1 THREZMHE B
111°17'E 41°8'N 281.2 6.5 PR 52 oty B all 30 )1 4 all B 55 78 2 YO0 D0 5k 3

ey 106°44'E 36°44'N 350 7.4 T AMBE 2 B [ 5L 53 e Sk 8 BT 5

104°14'E 35°95'N 381.8 6.57 2PN KR T 5B 5 A0l A 2 5L 5
104°35'E 35°33'N 383.3 6.7 ZMTRRILMRIEN T RRAL 5 A AT 505

e ¥ 104°25'E 36°02'N 320 6.5 22 AT B ] S g 1 R
103°25'E 36°73'N 260 5.9 HR A gk s Bk R RS R

1.2 #HiEHE

X SCHR H RS B FRATTHR B TP (E R
ZEFMEA &, s N R A 52 s 3 AL GetData
Graph Digitizer #45 FEUE B AL 5 38 BOFI A . 53K
MTREAS B AR 152 2 o 48 B AS BB 115304 o 22 B, 3R
IHtE TENEIEE TN PSR BCY),AE
bR A B B E R DL CV Ok IR LTSk
AR i 22 20

HRAE 5K O 8L FE B R EE X 22 38 45 4 1 B
58 W B E T R AR 2B oy 3 A BT (RO K
TIWFERE(F) B R/F>1; B Si AR, Bl R/F =
1. B3 E/NTFR%E B R/F<<1, AT #—240r
AN TR R 2R T 28 ¥ B2 TR 0RO AR 0 388 7 280OCR 1Y R L 3R
113053 7 3 A2 . DA R < AR 6 R A T 75 X 3
AP ST 24 i K B RIVATE ST S8 3 B2 9 AN (W] o A1 B R K
/3 H <400 mm, 400~ 600 mm, >>600 mm"", 4

PR 4y <8 °C,8~10 C,>10 C*, @+ N
B AT, HN<1.3,1.3~1.4,>1.4 g/cm’ ;8%
+HEp TN 434<C0.9,0.9~1,>1 g/kg; TP 3 A <<
0.7,>>0.7 g/kg; AN 43 <60,>60 mg/kg; AP 534
<20,>20 mg/kg; AK 43+ <150,>150 mg/kg"* .
QN H R 2 8 N R 40 AR (N2 0~ 150
kg/hm® 1 P, O; + 0~75 kg/hm?), i ilE (N 150 ~
300 kg/hm* Fl P, O; ¢ 75 ~ 100 kg/hm*). & &
(N:300~400 kg/hm? FIP, O; : 100~ 150 kg/hm®)F’,
YEVI R A 2R oK N RN R,
1.3 WMRAE

Meta 43 ¥t 7 MetaWin 2.1 4 v it 47, LUk
K (X)) 5% B4 (X ) By Fe Al R Wi N e R, 2500
fH (In RO LAmi B He 9 H 4R 4 B0k 11 8, fe 238 38 A
XPAR AL B Y SR VT Al AR i X 28 1 45 T AR A 1 7 Y
M 1V



5% 3 1 SRR B Y IR R T2k T M A K 4 TR BB 5 T Meta 41T 193
lnRZIn{ijzln(Xk)—ln(X() SO o w e D
X. A, Ry 8 RN B R AN Y AL sV, RoR
In R W7 2 v RIEA X5 . AR Z NS £ MBI R, b3
_ S S? AT B RN AE
UTNXTNX @

Af S, S, o R Axt BB B bR EZE s N,
FUN . 430 2 350 20 MO B AR AR 1. o T AL
R (0 S RS I S SR S A R = ey VA [
In R'RHEAX ) . (DOIFH,

kb
E(ln R{ Xu',')
IR =" (3)
S,
i=1
!
W D “

A InR A IMAUG I ZE-G ROV AE 5w, Ry BEHLSON
RPN SE IR 5 R, S5 @ X B0 X B8 800 A5
ke NAFEICEEG Ve RN BB Z NI E S5
FR BEHLRN B 52 18] T 22 A SN OO TR

Q. —k—D

=t (5)
. 2w?
i=1
;wi* £
i=1 zwl
i=1
Hr,
k
k (Z:"LU,'R,')Z
Q=2Zw, (R ————— (6)
i=1 Ewi
i=1
a WUE3 7o %
PR T —e——(67)
LgY * (12)
INEE T —e— (72)
EX - —e— (231)
10 20 30 40 50 60
WUE 1 /%

RE T3 BT AR B, — R A XS AR Y R

FoRGER,
Y=(InR—1)X100% (&)

FI A B AE Metawin 30 v 3 ik Bl B 25007 455 Y
THAAXT AL Je 95 Y BAG X, 2 Y ) 950 &
FIXTH 5 0 H &N, KU EW P 5% 51 Z A1
ERARE NG 0 HEM, W) B 2230 R g
GV Z IR 25 7 B
1.4 HiEshE

AL MetaWin 2.1 K AF#47 Meta 7347 .
JH ArcGIS 10.8 X R A i o0 A5 Bdls 47 nl AL AL 2E
F SPSS J5 Z 43 A i 9 LSD vkt 47 B MR 50,
Origin 2022 {3174 A,

2 #5500

21 ZHEWNMEIAREIEY WUE =283

ML AT LA, 2830 SR R AR R R [\ VR Y
WUE fiF= 8384 B &R 5 (p<<0.05), S5 FEH .,
T8 e Foh R X ) B ) WUE (40.9 %) 72 4 (48.49 %)
PETH AR B i s LR B 48 35 (29,67 %6, 43.36%0) » &
K (28.87%,28.57 %) »/NFE (18.91%,13.99%) .

b FEH A F
I —e——— (71)
D%E . 18)
INE —— (72)
EXK —e— (238)

0 10 20 30 40 50 60 70
7N/ %

H:OREFMAE SV EF XN, O HBREERERERFL, Op ETE 0.05 KFETHRE. TR,
E1 ZHAEMMEXNTEENKSFRLEM=EH I

Fig.1 Impact of ridge-furrow rainwater harvesting on water use efficiency and yield of different crops
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Fig.2 Impact of different ridge-furrow ratios on crop water use efficiency and yield
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Impact of different ridge-furrow ratios on water use efficiency (a, ¢) and crop yield (b, d)

under varying annual average precipitation and annual average temperature
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