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Effect of brackish water irrigation on soil salt balance and yield of
both winter wheat and summer maize
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Abstract There is rich brackish water and a shortage of fresh water in the coastal low plains of Hebei Province. The
reasonable exploitation and utilization of brackish water has become an important way of meeting the conflict between water
supply and demand in the region. An experiment was conducted in Nanpi Eco-Agricultural Station of Chinese Academy of
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Sciences in 2011-2015. The objective of the experiment was to study the effect of brackish water irrigation during winter
wheat growth period on the yield of winter wheat and the following crop, summer maize. The study also investigated soil
salinity balance in winter wheat/summer maize double cropping system. The irrigation treatments in 2013-2014 included CK
(rainfed farming), F1 (one fresh water irrigation at jointing stage), B21 (one brackish water irrigation of 2 g-L™" at jointing
stage), B31 (one brackish water irrigation of 3 g'L™" at jointing stage), B41 (one brackish water irrigation of 4 g-L™" at jointing
stage), B51 (one brackish water irrigation of 5 g-L™' at jointing stage), B32 (two brackish water irrigations of 3 gL' at
jointing and grain-filling stages), F2 (two fresh water irrigations at jointing and grain-filling stages), F3 (three fresh water
irrigations at jointing, heading and grain-filling stages), F1B31 (one fresh water irrigation at jointing stage and one brackish
water irrigation of 3 g-L™" at grain-filling stage), and B31F1 (one brackish water irrigation of 3 g-L™" at jointing stage and one
fresh water irrigation at grain-filling stage). The irrigation treatments in 2014-2015 were CK, F1, B31, B41, B51 and B42 (two
brackish water irrigations of 4 g'L™" at jointing and grain-filling stages). The results showed that higher winter wheat yield was
obtainable under irrigation at jointing stage and grain-filling stage, with an average yield of 6 593.4 kg-hm™. Irrigation of
brackish water with less than 5 g-L ' salinity at joining stage did not reduced winter wheat yield compared with fresh water
irrigation. Winter wheat yield increased by 10%—-30% under brackish water irrigation at joining stage compared with that
under CK. It was possible to replace fresh water irrigation with brackish water irrigation during winter wheat growth. However,
soil salt content in the 0—20 cm topsoil was more than 1 g-L™' in brackish water irrigation treatments, which affected summer
maize germination and growth during early growth stage. If irrigated with 600~750 m*>-hm™ of fresh water after summer maize
planting, the yield of summer maize did not reduce obviously. There was a heavy leaching of soil salt driven by precipitation in
June through September. Over 300 mm rainfall during summer season could keep the soil salt balance for winter wheat and
summer maize double cropping system. As over 73% of summer precipitation in Cangzhou region exceeded 300 mm, it
ensured the safety of the brackish water irrigation instead of fresh water irrigation one time during winter wheat growth period.
Keywords Brackish water irrigation; Soil; Winter wheat/summer maize double cropping system; Salt balance; Crop yield;
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[14] B31,3 gL 1 ;B4l,4gL"
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, B32, 3 gL 2 ; FIB3l, 1+
3 gL' 1 ; B31F1, 3 gL 1
. + 1 ; F3, 3 2014—2015
1 MRE75E 6 , CK Fl B3l B4l
1.1 B51 B42(4 gL 2 ) F2
2013—2015 1 , 2
, 38°00', 116°40, , 3
11 m R
12.3 C, 480 mm 0~20 cm Smx7 m, 4 ,
104.8 mgkg ™, 17.9 mg'kg™', , 1.05 gL
88.9 mgkg™, 14.0~19.0 gkg™, (
1.45 g-em™, 0~100 cm 1.427 grem™ )
z1 REXITEHRSESE
Table 1  Salt constituent of the experimental soil
EC So%” cr HCO; Ca®" Mg K*+Na*

Soil layer (cm) pH (Sem™) (gkg™) (gkg™) (gkg™) (gkg)  (gkgh (gkg™)  Total salt (gkg™)
0~20 8.15 0.32 0.0120 0.0177 0.036 6 0.006 0.003 6 0.017 0.093
20~40 8.14 0.33 0.009 6 0.024 8 0.024 4 0.006 0.003 6 0.016 0.085
40~60 8.11 0.29 0.016 8 0.017 7 0.030 5 0.006 0.003 6 0.017 0.092

15 cm , 2013—2014 1.2

2014—2015 ‘ 828 6 )

‘ 688, 2013 10 13 2014 (9 ) , 0~20 cm  20~40 cm
10 11 , 225 kg~hm’2, 40~60 cm 60~80 cm 80~100 cm, 3
2014 6 6 2015 6 10 ,

450 kg-hm *(KH,PO,, 98%), (Ca*" Mg* HCO; CI” SO;~

(N: 46.4%)150 kg-hm™ 375 kg-hm™ Na'+K")

‘ 958°, 40 ,

60 cm , 52 500~60 000  -hm™,

9 30
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Table 2  Grain yield, yield components of winter wheat under different irrigation treatments of the field experiment in
2013-2014 and 2014-2015
Year Treatment Yield (kg~hm’2) Spike number (spike-m’z) Kernels per spike 1000-seed weight (g)
2013—2014 CK 6 347.2+150.9¢ 476.5+71.56¢ 29.3+2.46b 45.5£1.30A
F1 7 213.3+438.1abc 585.120.00abc 35.3£1.70ab 44.9+0.56A
B21 7 660.9+483.5ab 537.6=17.89bc 33.8+1.35ab 40.7+0.34CD
B31 7 151.8+£289.9abc 572.4+40.25abc 29.9+1.35ab 39.3£0.83D
B41 6 772.1£234.1bc 575.6+40.25abc 30.3+3.54ab 40.4+0.87CD
F2 7 548.9+302.8ab 536.1+2.23bc 31.1£2.56ab 41.4£0.36BC
B32 8 189.6+290.7a 623.6+5.22abc 37.1%6.77a 41.0£0.48BCD
F1B31 7 688.3£204.6ab 711.693.93a 33.0+0.73ab 42.0+0.99BC
B31F1 7 705.7+628.8ab 656.2+11.19ab 31.4£1.79ab 40.3+0.90CD
F3 8 156.1+773.9a 659.4+60.37ab 31.6+1.73ab 42.8+0.75B
2014—2015 CK 4 624.5+49.5B 474.4430.79A 37.0+£0.36AB 28.2+2.94B
F1 5 849.7£662.7AB 480.0+£38.44A 34.4£0.32C 33.5£6.03AB
B31 5800.9+401.9AB 552.2+15.03A 34.9+0.73C 35.9+1.82AB
B41 5752.3£654.4AB 505.6+24.57A 35.6+1.27ABC 34.5+1.89AB
B51 6 492.3+297.0A 552.2430.24A 36.9+0.28AB 37.2£1.52A
B42 6 578.3£550.6A 487.8+83.40A 37.3+0.36A 38.0£2.07A
F2 6579.8£129.6A 493.3+12.02A 35.1£0.66BC 31.5£1.50AB
CK: ;Fl: 1 ;B2l: 2gL7! 1 ;B3I: 3gL! 1 ;B4l: 4gL!
1 ;B5l: 5gL7! 1 ;F2: ; B32: 3gL! ; B42:
4gL™! ; FIB31: + 3gL”! ; B31F1: 3gL! + ; F3:
(P<0.05), (P<0.01)

CK: rainfed; F1: one fresh water irrigation at jointing stage; B21: one irrigation of 2 g'L™" brackish water at jointing stage; B31: one irrigation of
3 g-L™" brackish water at jointing stage; B41: one irrigation of 4 g-L™' brackish water at jointing stage; B51: one irrigation of 5 g-L™"' brackish water at
jointing stage; B32: two irrigations of 3 g-'L™" brackish water at jointing and filling stages; F2: two irrigations of fresh water at jointing and filling
stages; B42: two irrigations of 4 g-L™' brackish water at jointing and filling stages; F3: three irrigations of fresh water at jointing, heading and filling
stages; FIB31: one irrigation of fresh water at jointing stage and one irrigation of 3 g-L™" brackish water at filling stage; B31F1: one irrigation of
3 g'L™" brackish water at jointing stage and one irrigation of fresh water at filling stage. Different small and capital letters in the same column mean
significant difference among different treatments and different irrigation times at P < 0.05 and P < 0.01 levels, respectively. The same below.
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Table 3  Effect of brackish water irrigation of winter wheat on yield and yield compositions of the following crop of summer

maize in 2014 and 2015

Yield Spike
Year Treatment (kg-hm™) (spike'm™) Kernels per spike 1000-seed weight (g)
2014 CK 8 529.3+611.2a 6.15+0.98a 484.30+0.15b 319.3+6.69¢
Fl 9 964.8+220.0a 5.16+0.12a 515.23+26.23ab 317.7+9.72¢d
B21 7799.1+1 446.4a 5.15+0.49a 517.39:44.64ab 314.0+1.60cd
B31 8 760.9+162.7a 5.15+0.45a 541.64+46.94ab 308.6+15.80d
B41 8 583.6:1 667.8a 5.26+0.37a 580.58+17.32ab 329.2+8.15ab
F2 10 114.9+138.0a 5.31+0.42a 605.37+29.78a 313.1£6.04cd
B32 8 984.7+247.7a 5.01+0.30a 580.53+82.36ab 308.8+3.07d
F1B31 9 649.0£108.1a 5.19+0.02a 562.36=41.93ab 322.4+0.83bc
B31+F1 10 137.4+473.8a 5.23+0.59a 581.15+1.12ab 319.3+7.66
F3 10 155.3+380.1a 5.31+0.68a 567.47+7.60ab 334.0+4.48a
2015 CK 10 669.2+536.2a 5.67+0.28a 584.92+30.47a 358.98+8.23a
Fl 11 029.6+809.2ab 5.95+0.23a 552.25+15.67ab 365.82+13.92a
B31 9 903.8+430.5b 5.92+0.15a 502.50+22.47¢ 367.37+7.89a
B41 10 152.5+594.6ab 6.00+0.23a 509.47+22.12bc 357.70+3.77a
B51 9 898.3+336.8b 5.59+0.18a 523.31+6.73bc 357.18+7.87a
B42 10 176.9+70.0ab 6.03+0.14a 545.60+27.87bc 364.30+6.92a
2.2 40~80 cm
, 2014—2015 Ic 1d
) ) )
1 3 (2013—2015 , 1~2
) la , 0~60 cm
0~60 cm , 1.0 gkg™', ,
, 60~100 cm 1~2
, 3~5 gL 0~ 60 cm
1 , , 1.4 gkg™, 0~20 cm
1b) , 0~20 cm ,  1.6gkg!
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