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Effects of ridge and furrow rainwater harvesting cultivation with supplemental
irrigation on water use and winter wheat yield in arid area of southern Ningxia

YANG Zhen"*?, DONG Zhao-yun'*’, WEI Ting"**, ZHANG Peng'>’, JIA Zhi-kuan'*"
(1. The Chinese Institute of Water-saving Agriculture, Northwest A&F University, Yangling, Shannxi 712100, China;
2.Key Laboratory of Crop Production and Ecology, Minister of Agriculture, Northwest A&F University, Yangling, Shannxi 712100, China;
3. College of Agronomy, Northwest A&F University, Yangling, Shannxi 712100, China)

Abstract: The objective of this study was to explore the effects of ridge and furrow rainwater harvesting
(RFRH) cultivation with supplemental irrigation at different stageson rainwater-collection and soil moisture conser-
vation. A two-year field experiment was conducted in semi-arid area of southern Ningxia from 2013 to 2015. Four
supplementalirrigation modes were set up: zero-supplemental-irrigation in growth stages, supplemental irrigation at
earlier ( jointing) stage, supplemental irrigation at later ( heading) stage, supplemental irrigation at earlier
(jointing) and later (heading) stages and each irrigation mode has two cultivation patterns: RFRH cultivation with
supplemental irrigation (R) and border irrigation (B), aiming to explore the effects of R system on soil moisture,
winter wheat yield and water use efficiency ( WUE).The results showed that R system can effectively improve the
soil water storages in 0~200 cm soil layer, especially in 0~40 c¢m soil layer. Under the condition of irrigation a-
mount reduction by 50%, yield of the RFRH with supplemental irrigation at earlier stage treatment ( R2) and
RFRH with zero-irrigation in growth stages treatment ( RO) increased by 2.6% and 6.2% compared with corre-
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sponding B treatments in 2013-2014 ( dry year) , there were no significant differences between the RFRH with sup-
plemental irrigation at earlier and later stages treatment ( R1), RFRH with supplemental irrigation at later stage
treatment (R3) and corresponding B treatments; WUE and IWUE of R treatments were significantly higher than
corresponding B treatments under four irrigation modes, the effect of R2 treatment was obvious, increased by 8.5%
and 105.1%, respectively; Except for R1 treatment, yield of R2, R3 and RO treatments increased by 4.5% ,7.4%
(p<0.05)and 4.9% , respectively, compared with corresponding B treatments in 2014-2015 (wet year) ; Except
for no obvious difference of WUE between R1,R0 treatments and corresponding B treatments, WUE and IWUE of
other R treatments were significantly higher than corresponding B treatments under four irrigation modes, increased

by up to 3.8% and 114.7% , respectively. Therefore, the ridge and furrow rainwater harvesting cultivation with sup-

plemental irrigation could significantly increase grain yield, WUE of winter wheat.

Key words: the ridge and furrow rainwater harvesting cultivation; supplemental irrigation; winter wheat ; soil

moisture ; water use efficiency; yield; semi-arid area of southern Ningxia
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Table 1  Nutrient contents at 0~60 cm soil layer

+/Z/em FHHUR/ (g - kg™) A/ (mg - kg™') O/ (mg - kg™) HELE/ (mg - kg™") A/ (g kg)

Soil layer Organic carbon Available nitrogen Available phosphorus Available potassium Total nitrogen
0~20 15.1 63.6 37.6 161.2 1.2
20~40 13.9 44.9 7.9 117.2 0.9
40~60 13.2 46.8 6.0 102.7 1.1
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Fig.1 Distribution of monthly precipitationat the experimental site during 2013-2015
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Table 2 Experimental treatments of the ridge and furrow rainwater harvesting cultivation
TR w7 X TR SE A1/ mm
Irrigation mode Irrigation schedule Irrigation quota
g R BRI (RO) 0
Zoro-i , " . Ridge and furrow rainfall harvesting planting( RO)
ero-irrigation imn IO
. {E5 BT (BO) .
th stages
growthh slages Traditional tillage planting( BO)
a0 St SETHNE (R2
AT H — U IR (r2) 37.5
Suonl tal irrigati Ridge and furrow rainwater harvesting cultivation with supplemental irrigation( R2)
Supplemental mrrigation 'fg‘% HF:“
GimeE (B2)
at earlier stage B 75
Border irrigation(B2)
. BTN (R3
J (1) 37.5
Suonl al irrieati Ridge and furrow rainwater harvesting cultivation with supplemental irrigation( R3)
upplemental 1rrigation /f?%ﬁj:“
GimeE (B3)
at later stage N 75
Border irrigation(B3)
e e R HMEE (R
T L J 324 — UK R (RD) 75
Sunol vl irrieation at Ridge and furrow rainwater harvesting cultivation with supplemental irrigation( R1)
upplemental 1rrigation al ’f‘géj" E}iiig Bl)
I 150

earlier and later stages

Border irrigation( B1)
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Fig.2 Schematic diagram of the field layout
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Fig.3  Soil water storage in 0~200 cm soil depth during winter wheat growth period in different treatments
120 F 2013—2014
I R Bl
aa [CR2 B2
g & 100 bb b b Il R3 XX B3
s I .
\i§ : ég baby @ RO 1 BO
R : : s
&g N 29 o a, ab
- - ; Z% éﬁ g’( bebec c
H3 60 %U 218 é.{ a, a ez
s e N fhab mbom  bpcb 170
N A.~_ I T Zﬂ I ||||§%§ IR
40 817 B I m it A7 | k12
i3 e 35715 3] il A THE 3 3] Wi gk 3
Seedling stage Turnmg stage Tilling stage Heading stage Filling stage Maturing stage
4 E W Growth period
140
2014—2015
o 120
iE < 100
%3
=g 80
3
“ 60
40 %17
**“ﬁ J&qﬁ&H 5715 3] il 7Y E*ﬁﬁﬁ 3
Seedling stage Turning stage Tilling stage Heading stage Filling stage Maturing stage

= & # Growth period
T AN ) B3R R [R) — A A ) R MEE AL B ) 22 5 2 (p<0.05) , Rl

Note: Different letters indicate significant differences (p<0. 05) under the same growth period in different treatments. The same as below.
4 ZNELEKBETRELE0~40 om LELETKE

Fig.4 Soil water storage in 0—40 cm soil depth during winter wheat growth period in different treatments
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Table 3 Grain yield, WUE and IWUE of winter wheat
in different treatments
FEAL i KGFIREE YRR KRIRSER
/ (kg + hm™) WUE IWUE
Grain yield /(kg -+ mm™ - hm2)/ (kg - mm™" - hm™2)

A

Year Treatment

R1 7068.5ab 15.3a 94.2¢
R2 6753.8bc 15.1a 180.1a
R3 6157.4e 14.3b 164.2b
2013— RO 6059.0e 14.5h -
2014 B1 7435.7a 14.2b 49.6d
B2 6585.7cd 13.9¢ 87.8¢
B3 6359.7de 13.9¢ 84.8¢
BO 5706.8f 13.8¢ -
R1 7604.1ab 13.5b 101.4b
R2 7234.3bc 14.0a 192.9a
R3 6822.2¢de 12.8¢ 181.9a
2014— RO 6331.5ef 12.7cd -
2015 B1 7798.2a 13.5b 52.0¢
B2 6923.6cd 13.5b 92.3b
B3 6454.9def 12.6¢d 86.1b
BO 5933.2f 12.4d -
34 ik
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