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Effect of Alternate Irrigation with Fresh and Brackish Water on Saline
Distribution Characteristics of Soil and Growth of Summer Maize
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Abstract; In order to make full use of saline water resources, a pot experiment was carried out to
investigate the characteristics of soil salt distribution and the growth of summer maize ( Zea mays L. )
subjected to three alternate brackish water irrigation methods (i.e., BFF; in which maize was irrigated
with brackish water at the seedling stage and fresh water at the remaining periods; FBF: in which
brackish water was irrigated at the jointing stage and fresh water at other stages; FFB. in which plants
were watered with brackish water at the filling stage and fresh water at the vegetative stage) at three levels
(i.e., L was 1 g/L. NaCl; M was 3 g/L. NaCl; H was 5 g/L. NaCl) , respectively. The results showed
that the soil salt content under fresh water irrigation throughout the whole growth period (CK) was the
lowest, and the higher the salinity of brackish water was applied, the higher the soil salt content was.
Under the same salinity of brackish water irrigation, the descending order of average soil salt content
distribution in the same depth was FFB, FBF and BFF. After harvest, in the 0 ~ 15 cm soil layer, the
average soil salt contents of BFFL, FBFL, FFBL, BFFM and FBFM were lower compared with the
original soil salt content. The similar reductions were found in the 15 ~ 30 c¢m soil layer, while the
average soil salt content in the 30 ~45 c¢m soil layer were 36.92% , 39.20% , 51.54% , 96.91% and
88. 17% higher than the original soil salt contents of these treatments. The average soil salt content of
BFFH was higher than the original soil salt contents by 8. 92% and 135.44% in the 15 ~30 cm and 30 ~

45 cm soil layers, respectively, and with lower average soil salt content in the 0 ~ 15 c¢m soil layer.
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Moreover, the higher average soil salt contents than the original soil salt contents were found in all soil
layers of FBFH, FFBM and FFBH. The average soil salt contents of FFB at 3 g/L. and 5 g/L levels were
highest in the 30 ~45 cm soil layer, followed by those of the 0 ~ 15 cm soil layer, while the average soil
salt contents were the minimum in the 15 ~30 cm soil layer. Instead, the average soil salt contents of
other treatments followed the order from high to low was the 30 ~45 c¢m soil layer, 15 ~30 cm soil layer
and 0 ~ 15 c¢m soil layer. The inhibition degree of different brackish irrigation to the growth related traits
such as plant height, leaf area of summer maize in decreasing order were as follows: the jointing stage,
the seedling stage and the filling stage. As the degree of salinity was increased, the inhibitory effect
became more significant. In all brackish water irrigation methods, the order of plant dry weight, grain
weight and the 100-grain weight from high to low was FBF, BFF and FFB. Furthermore, with the
increase of water salinity, the yield of summer maize was decreased gradually. With the same irrigation
amount, the yield of FBFH was the lowest, which decreased grain weight by 34. 85% compared with CK.
For maize cultivation in coastal area, the brackish water should be irrigated in the late growth stage to

ensure the output. After that, fresh water irrigation would be beneficial during the noncrops growing

season for salt leaching and reducing the risk of the soil secondary salinization.

Key words: summer maize; yield; alternate irrigation; brackish water; soil salinity
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Tab.1 Basic physical properties of experimental soil
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R oE: 9518 Uz kL A , R .
. . > (grem™) (em”+em ™) (g-kg™")
(Bif20.02 ~2 mm) (2 0.002 ~0.02 mm)  (hife 0 ~0.002 mm)
R+ 45.39 37.75 16. 86 1.34 31.57 0.88
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Tab.2 Experimental design for alternate irrigation with fresh and brackish water g/L
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Tab.3 Irrigation amount for different irrigation treatments L
by 8H14H 8H20H 8H20H 8H30H 9H0BH 9H0H 9HAI14H 9H20H 9H26H 10H02H
CK 4 3 3 4 3 3 4 4 4 3
BFFL 4* 3* 3* 4 3 3 4 4 4 3
BFFM 4* 3" 37 4 3 3 4 4 4 3
BFFH 4* 37 3* 4 3 3 4 4 4 3
FBFL 4 3 3 4* 3* 3* 4 4 4 3
FBFM 4 3 3 4* 3% 3* 4 4 4 3
FBFH 4 3 3 4* 3* 3* 4 4 4 3
FFBL 4 3 3 4 3 3 4* 4* 4* 3*
FFBM 4 3 3 4 3 3 4* 4* 4# 3*
FFBH 4 3 3 4 3 3 4* 4* 4# 3*
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Fig.1 Dynamics processes of salt content in different soil layers with different irrigation treatments
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Fig.2  Soil salt content distributions for different irrigation treatments of cross-sectional profile
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Tab.4 Dynamic process of summer maize plant height over time for different treatments cm
e o HEH WA eI A

(8H7H) (8 A 14 H) 8 H28 H 9H11H (10 H2 H) (10 H 16 H)
CK 34.13 £0. 35" 60. 17 £0. 35" 131.07 £0. 90** 180.23 0. 25" 209. 07 +0. 90" 212.07 +0.90*"
BFFL 34.50 £0. 30" 60. 60 0. 40" 129.90 +2. 19 177.80 £0. 95" 207.17 +1. 04 210.83 +1.44%
BFFM 34.40 0. 26 59.20 0. 30 124. 60 0. 46 173.17 £0. 76" 201.40 +0. 53 204.03 £0.45%
BFFH 33.90 £0.26™ 58.83 £0. 15" 112.17 £0. 65 159. 07 0. 60" 186.90 +0.36% 192.10 £0. 66
FBFL 33.80 0. 30" 60.93 +0. 25" 127.43 £0. 50" 177.23 +0.25% 205.07 +0.90"" 208.07 +0.90""
FBFM 33.80 £0. 26" 60.33 £0. 80" 130.37 +0. 55" 166. 10 +0. 85 189.80 +0. 53" 193.00 +0. 50"
FBFH 33.83 +0.91% 59.30 £0. 75 130. 60 +0. 40" 154.57 0. 40 175.07 £0.90" 179.17 £0.29™
FFBL 33.90 £0.79™ 59.73 +0.95% 130.57 0. 40" 180.53 +0. 50" 206. 83 +0.76" 210.03 +0. 45"
FFBM 33.73 0. 68" 59.93 +1.12% 129.03 +0.45"% 179. 83 +0. 29" 205. 07 +0. 90" 208. 83 +0. 76"
FFBH 34.03 £0. 80" 60.57 £1.07" 128.40 +0.53% 178.43 +0. 51" 202.00 +1.00% 207.20 +0.53™

T R BRI = A 2E [ — S EUE S A RS 78 R WA [ IR R S HE B 7 AL B R 2257 235 (P < 0.05) s A )/ i 3k

WA [R) 4 6 S8 Ak LR 22 5 3 (P < 0.05) , R Il o

5 A [ K Ak BEAR Ak T8 AR i P 1] 2 2 8
it B, A Y T RS2 BOBOK BT Ak BE AN ] 58 8
HEWE T R S bk s AL, 8 A 28 H, BFFL,
BFFM .BFFH #{ Lt CK 4351 /)s 3. 62 .15. 02 32.38 cm’;
9 A 11 H,FBFL FBFM FBFH 4} 5 J& /)» 10. 84 |
34.43 59.89 cm”; H 7 3 300 WE E ORL K B
FFBL .FFBM . FFBH 43 %I tt CK 38 /)y 3.54 ,12.48 |
19.72 em®, 5 CK 4b AR He , 7 BE 3408k K 5 4k &
X T K T AR 5 e E S AR T N R LA
F (P <0.05) , A [l Az 30 0 W0kt sk ot i v AL A
T AR B R B N AR W S BT 0

2.4 WEUKZBERNTERIEDFRKENZNE

6 FIH T ARl E K AL B TR B 7 AR K
o FOREARIRAY T8 5o i TR RTE
Py T Rl AR 50 7L S5 R R o R A A
A B AR . Gl i SO R AT T 2
I3 B AL SRR A A BE A ] R IR 7K 52 8 E Bk T
Ol b 5o RERE S R R R R T R Y
S (P <0.05) o FE B RUSOK 1945 Ak 3™ 5 Y
Fo CK &b 2™ B, B AR B HE K B A6 B B,
oKy /N o A [ AR T 0T TR A [ A B RURIK A
TR K 7 by K E /N B SR R A R
W A HE K &2 R, BFFL (FBFL FFBL 4b Bl 73
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Tab.5 Dynamic process of summer maize leaf area over time for different treatments cm’
e pOgLili T WA IR B
(8 47 H) (8 14 H) 8 428 H 9H11H (10 JJ2 H) (10 J3 16 H)
CK 120. 41 £2.16™ 234.24 +2.50™ 367.46 1. 04" 480. 68 +2. 541 581.08 + 1. 55 596.00 +3. 00"
BFFL 119.81 +1.99% 234.21 +1.51* 363. 84 +1.47" 479.14 +1.21% 578.56 +1.32% 592.64 +1.09“"
BFFM 122.31 £0.97* 234.26 +1.81* 352.44 +1.94"% 464.62 +0.71% 565.28 +2.25% 577.60 +1.72%
BFFH 120.75 £1.63* 233.34 +2. 034 335.08 = 1. 19" 450.83 +0.96™ 551.46 +1.45% 565.75 +2.44%
FBFL 120. 40 £0. 77 233.32 +1. 18" 365.35 +1. 19" 469. 84 +2.77% 567.66 +1.88"" 582.15 2. 34"
FBFM 121.21 = 1. 504 232.43 +2.10* 364.95 £0. 374 446.25 +2.60%° 540. 88 = 1. 60" 554. 18 + 1. 69"
FBFH 120.73 +1. 314 231.77 +1.35% 368. 01 +0. 86! 420.79 +1.14% 515.91 2. 06" 526.69 1. 42"
FFBL 120.87 1. 28" 231.48 +1. 16 366.43 +2. 45 479.69 +1.37* 577.54 +1. 84" 594.05 +1.59™
FFBM 120. 11 0. 82 231.99 + 1. 344 365.54 + 1. 05" 480. 40 + 1. 95 568. 60 +2. 15" 583.13 +1.58"%
FFBH 121.54 1. 122 232.44 +2.10* 367.00 2. 10" 479.06 £2. 24 561.36 +0.77"% 571.99 +0. 42
x6 FEVEBEEAFTERFEKE
Tab.6 Yield and water consumption of summer maize under different irrigation treatments
b B o T BT R (g bk ") TR X AR/ g BT/ g FE&7K i ET/mm
CK 317.40 9. 91 451.67 £15. 63 33.90 + 1. 14* 152.98 +1.25M 406. 28 +12. 86™
BFFL 297.07 +4.25™ 434.33 +15.50" 32.85 +1.04%" 142.59 +3.13% 393.27 +19. 185
BFFM 282.23 +5.83"% 414.00 +14.00% 31.74 £2. 03" 131.21 £3.94% 385.31 +15. 88"
BFFH 259.51 +8.70™ 372.33 +8.50" 30. 63 +1.22% 113.99 =2, 47" 373.57 +15. 60"
FBFL 291.35 +4. 62" 430.00 £9. 54 32.28 £0. 14" 138.78 £2.50“" 388.31 14, 055
FBFM 252.33 +6.48% 373. 00 +20. 66" 30. 46 £0. 985" 113.53 +5.20% 372.63 +18. 02"
FBFH 231.47 +10. 58 341.67 £ 16. 44 29.18 0. 67" 99.67 +12.03% 358.90 +19. 01"
FFBL 305.28 £2.49% 441.67 £17. 01" 33.04 £0. 62" 145.87 £2.92"% 396. 08 +7. 035
FFBM 289.78 +11.80"% 424.33 £20. 50" 32.13 £1.73% 136.13 +3. 44" 387.91 +9. 81
FFBH 262.16 +12. 47" 377.00 +3. 00" 30.97 £1. 11" 116.70 +5.03% 375.97 +20.25"%

B CK AL BH & 7™ 4. 65% 6. 79% F19. 28% , it WK
e P RURUK AR K SR RE R RS 7= 5 A/ o A EE
T CK 37 0 T e ¢ 2 TR /K ( FBFHD) K Y ik
JEARGR BN I R (34.85% ) o
M 6 HRT Y, TR IR K AL B A K AR
IR 5 R AN TR RIR K A2 HE B T R R FE K
AR BI/NR B “RIR ™ R IR L IRIBIR T
[Fi) IS i 2 A 1 B B 38 o, G K S D0 FBEH AR B Y
FORFE K /N AT CK g T 11.66% o
2.5 BRI E B AR IR R YR 45 B A ST
TR TE T8 5 B TR D™ A TR BERR R L
WA PR B, B BREORL 20 ) K AR A RN, R AR K

Z) 10 R B 0 AR DL o AN T BT, T R UK A
EORRAA AN, TR, ] CK Y 22 53 2 3k i
FHKFE(P <0.05) o ARG AL B A9 AN [a] Rl iR K 52 85
HEWE 7 QAR PR 4k 0 98 R ARUR K L o i S0 A
I RE WK X TR BE G SN UUIE 25 W Kk, Hevh
FBFH 4t B A9 BRI, BE ML 20 % 1L CK 3 4 1
28.77% \8.45% o W3R AR KU 1if BEAF L5 5 A 3 1
THIRR R H o A [] 52 5 v 0k )y 2 4k 3 o
B 1 g/LBUsK S CK Ab B A WO 48 B0 22 52 A 35
(P >0.05), J A Ak B A i 48 45 B 2 3% (P <
0.05) fiiff . Hr FBFM FBFH Ab B f) W 35 45 %07
AE: CK Iy /N 6. 25% 1 10. 42%

x7T TELEEEXREHERFURIEL

Tab.7 Ear characters and harvest index of summer maize under different irrigation treatments

yis: ] K/ em T/ cm FeRK/em WO 4
CK 24.57 +0. 06" 5.26 £0. 10** 1.76 +0. 12° 0.48 £0. 01
BFFL 21.43 £0.15% 5.22+0. 11" 1.95 +0. 134" 0.48 £0.01"
BFFM 20.27 £0. 59" 5.04 +0.05"% 1.98 +0. 20" 0.46 +0.01"
BFFH 19.03 +1.85% 4.91 £0.07™ 2.18 0. 16" 0.44 +0. 01"
FBFL 22.77 £0.32% 5.12 +0. 08 1.98 0. 15 0.48 £0.01"
FBFM 19.40 £0.95% 4.92 +0. 08" 2.17 £0. 234 0.45 +0.01%
FBFH 17.50 £0.20% 4.80 +0. 04 2.31 £0.08" 0.43 +0.01"
FFBL 23.57 £0. 12" 5.13 0. 04" 1.87 £0.07" 0.48 £0. 01"
FFBM 23.07 +0. 425 5.05 £0. 05" 1.94 +0. 145 0.47 £0. 02"
FFBH 22.60 0. 62" 5.00 =0. 09" 2.04 0. 115 0.45 +0.01"
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YRR b TR b B, AT AE S ol T T A0 9
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TRJZFRER DO W S 0 OB K IS 0 R
S o T K S SRR K A B AR K R A A
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Ak HE TR R L TR S CKOBRA R A 2
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HZE R S BN RN R A K AE B R
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4 HWRIE

AL AE AT AN BEAT I 1 a IR 7K S8 2 9 B 1
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