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Analysis on the water-saving characteristics of winter wheat
and summer maize cropping system on Haihe Plain

ZHENG Yuan-yuan, CHEN Zong-pei, WANG Gui-yan
(Hebei Agricultural University, Key Laboratory of Crop Growth Regulation of Hebei Province, Baoding, Hebei 071000, China)

Abstract; Water shortage is one of the most important challenges for grain production in Haihe Plain. To de-
sign more suitable cropping system and overcome the challenge of water scarcity in the region, the grain yield and
water use efficiency ( WUE) of different cropping systems mainly involving wheat ( Triticum aestivum 1..) and maize
(Zea mays 1..) were investigated, providing a scientific basis for food security and proper agriculture production.
The field experiments were conducted from 2014 to 2016 in Jingxian County, Hebei Province. The treatments were
set as five cropping systems including winter wheat-summer maize double cropping system (CK) , spring maize-win-
ter wheat-summer maize three harvests in two years ( Al), spring maize-summer maize double cropping system
(A2), spring maize single cropping system ( A3), and summer maize single cropping system ( A4). The results
showed that the total grain yield of CK was the highest at 38 574.24 kg - hm™ during the two growing seasons
(2014—2016) ; the grain yields of A1, A2, A3 and A4 were 23.7%, 23.8% , 51.2% and 39.6% lower than that
of CK, respectively. The CK had the highest total water consumption ( 1851.45 mm) , and the total water consum-
tion of A1, A2, A3 and A4 were significantly decreased 504.3,452.3,753.5 mm and 712.8 mm, respectively,
compared with CK. Al reached the highest WUE (21.84 kg + mm™" + hm™) but there was no significant difference
between treatments. The results also showed that, compared to the CK, Al and A2 decreased total yield and used
less total water consumption, 504.25 mm and 452.30 mm less than CK, respectively, but increased WUE, 4.8%
and 0.8% over CK, respectively. Our results demonstrated that these two cropping systems, Al and A2, could be
important complements to current wheat-maize cropping systems and essential for promoting food production and

sustainable water development in this region.
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Table 1  Soil moisture status of the experiment site

RETAR %

EhAT ]k B /o . em”?d
AR em [ ACE % Wilting moisture HH/ (g + em™)

Soil depth Field capacity content Bulk density
0~20 43.42 3.18 1.37
20~40 35.14 7.30 1.47
40~60 37.96 9.00 1.44
60~80 41.06 10.79 1.38

80~ 100 41.26 5.19 1.43

100~ 120 45.10 6.11 1.50

120~ 140 44.48 4.32 1.41

140~ 160 46.80 7.90 1.41

160~ 180 44.38 12.53 1.46

180~200 44.66 8.92 1.44
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2 ER55T
2.1 AEMIEHEEDTE

3 NORIRIFIAE I EE A VR 7 | B R
PAER, 2 a N, CK = R, s T HAD
AbER AL AN A2 BT A3 A1 A4(P<0.05), Al,
A2 A3 A4 FHXT CK B 7 5 3 ok T 23.7%
23.8% 51.2%%1 39.6% . #MHEE T, Z ERELH
TR E R, X SRR AR R T AR DGR
MoK S5 RE G, 2 a 0], A2 S 2016 4E 1L 2015
K 36.9 % ,iX FEZIEH T 2016 45 FORFFAE I3
Wk (4 A 19 H—6 A 12 H) FERiHE 4 360.5 mm,
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Table 2 The irrigation and fertilization of different treatments

sz GO JitifE R Fertilization/ (kg « hm™2) MK Bt Trigation amount/mm
Treatment Year N P,0s K,O0
KNE —H EK(CK) 2014-2015 406 113 116 /N Wheat 225 mm, Tk Maize 150 mm
Winter wheat-summer maize 2015-2016 406 113 116 /A Wheat 225 mm
HEEKENE-HTK(AD 2015 231 113 116 # Tk Spring maize 75 mm
Spring maize—winter wheat-summer maize 2015-2016 406 113 116 JNZZ Wheat 225 mm
BEEX-HEK(A2) 2015 323 113 116 % F K Spring maize 75 mm
Spring maize-summer maize 2016 323 113 116 % K Spring maize75 mm
FFK(A3) 2015 231 113 116 75 mm
Spring maize 2016 231 113 116 75 mm
HEK(AL) 2015 218 113 116 150 mm
Summer maize 2016 218 113 116 75 mm
xR3 AEMESETHSE. EWEMEEIREE
Table 3 The yield, biomass and harvest index of different cropping systems
Lb Ay £ WP/ (kg - hm™?) MR/ (kg - hm™) WAk AE %L
Treatment Year Crop Seasonal yield Total yield Harvest index

K INF Winter wheat

2014—2015

HEK Summer maize

CK
2015—2016 £ /NF Winter wheat
H EK Summer maize
2015 F EK Spring maize
Al 2015—2016 2 /NAZ Winter wheat
H %K Summer maize
2015 £ ’K‘?K Spring mai?e
H E K Summer maize

A2
2016 #F K Spring maize
H E>K Summer maize
A3 2015 F EK Spring maize
2016 FE K Spring maize
A4 2015 H F K Summer maize
2016 H F K Summer maize

7786.2 0.48
11371.6 0.60
7890.7 38574.4a 0.48
11525.7 0.59
10773.8 0.58
7628.5 0.4
11023.2 20425.5b 0.58
9886.8 0.73
8129.8 0.63
6648.0 29392.2b 0.36
4727.6 0.62
10617.9 0.58
8198.6 18816.5d 0.47
124833 0.66
10814.1 23297.4c 0.55

T« [ S B 5 A7) -k s A R 835 22 5+ (P<0.05) . IR,

Note: Values followed by different letter within a column are significantly different at P<0.05. The same below.
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Fig.1 Dynamic changes of soil water content in 2 m soil layer during growth period of each treatments
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Table 4 Water balance and water use efficiency of different cropping systems

T o + Bk SFEK R IKIIFIRIBR

PSRN L Wk i LK FEK

Treatment Growi iod Irrigation Precinitation/ Soil water Total water WUE
reatmen rowing period amount/mm recipriation/mm consumption/mm consumption/mm  /(kg + mm™! + hm™?)

CK 2014-10—2016-10 600.0 1245.2 6.25a 1851.5a 20.8a
Al 2015-05—2016-10 300.0 1089.1 -41.9b 1347.2b 21.8a
A2 2015-03—2016-11 150.0 1200.9 48.3a 1399.2b 21.0a
A3 2015-05—2016-09 150.0 1088.9 -140.9¢ 1098.0c 17.1a
A4 2015-06—2016-10 225.0 1021.2 -107.5¢ 1138.7¢ 20.5a
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Table 5 Water balance and water use efficiency of one-season in different treatments
MkE BRI o HEREKE REGEKE LAERRKE SFEKE P ;
Sk 7 I AL 22
AbFR Ay 1EH) Irrigation  Percentage of P %7 J(ti Percentage of  Soil water Percentage of ~ Total water kﬁﬁ;{jﬂ;)&ﬁ
Treatment ~ Year Crop amount the total water rejlpl AN 1he total water consumption  the total water c()nsumption/ K S
/mm  consumption/ % mm consumption/ % /' mm consumption/ % /mm (kg - mm m)
PN
E s 168.2 110.8
2014— Winter wheat
45.2 59.2 0 829.4 23.1
2015 HE K
. 150.0 323.1 -148.0
Summer maize
CK Py
S50 179.0 189.4
2015— Winter wheat
22.6 73.1 4.4 996.7 19.5
2016 DS
. 0 549.5 -146.0
Summer maize
2015 §£7K 75.0 18.9 372.4 94.0 -51.3 0 396.1 27.2
Spring maize
SONE
Al . 225.0 179.0 150.2 554.2
2015—- Winter wheat
23.4 75.7 1.0 19.4
2016 HEX
. 0 549.5 -141.0 408.7
Summer maize
§+7'< 75.0 182.0 36.2 293.2
Spring maize
2015 K 14.4 91.6 0 34.6
— 0 295.6 -61.7 228.0
Summer maize
A2 F—
. * . 75.0 398.0 -65.5 407.5
Spring maize
2016 K 9.5 80.3 10.2 14.5
B . 0 234.4 145.2 379.6
Summer maize
2015 ﬁf* 75.0 372.4 -48.2 399.2 26.6
Spring maize
A3 —_— 15.7 99.1 0
2016 o 75.0 572.0 -92.7 554.3 14.8
Spring maize
2015 HEX . 150.0 323.1 -48.1 425.0 29.4
Summer maize
A4 HEKk 22.7 88.1 0
2016 ) 75.0 549.5 -59.4 565.1 19.1

Summer maize

A —E B R IR I, PR R 300 [R) B R BB a8 — 2 B &
K AR R T4 REFE K R - K 43 75 & B2 IR, AR
[FAL B WA oK —2 /N - B FORPAE =31 (A1) |
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AEFPAE /N TR ] B rh A R PRI 07 SR BRURS 1 7 25
ol A 7 55 55 7 SUORRE 8K 43, $ R K o R
R R it P A T B 2 B AR D B Tk
7R EEY) BFEK B 1Y 28.0% ~46.0% ) A
5 E R A TR R Y1 78 o5 A5 2 T A IR 2548,
PRI I 77 55 3 A0 0~ 300 em P AY + 38K
HAEF KSR E 47.00 mm P /KFHRE 55.00 mm
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DRI, s AN [ oot 1 38 10 1 4 /K A B 0 &R

GEK o R AR ) H B4

IO B 25T B KR AR KSR 4
AW T, AT S 1075 P i i 5 SR AN BT 6
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B S AR 1) fig e 75 R 20 i ELAE AR ad A e, TT
DA 14 3 (M 2% PF , A B NI S f A v ) 57
st A7 0 oK it Bl T LAy % A A6 R B S AR v
JRCH CARDRE B ARORS TR AR, 3t D A X 5 B
R RO TR

4 % ik

S AR H R A, 2 SRR I Y, AL A2 A3
A4 HIXT CK &3 By= g4 Wk T 23.7% .
23.8% 51.2%7H1 39.6% , (HAE /K = FEAK T 452 ~753
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