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Effect of irrigation at different growth stages and nitrogen fertilizer on
maize growth,yield and water use efficiency
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Abstract: [Objective)] The field experiment was conducted to study the effect of irrigation at different
growth stages and nitrogen fertilizer on maize growth,yield and water use efficiency. [Method] With Liyu
16 as test material, the field experiments included seven irrigation treatments (irrigation at the whole
growth period,irrigation at seedling and jointing stage,irrigation at seedling and heading stage,irrigation at
seedling and filling stage,irrigation at jointing and heading stage,irrigation at jointing and filling stage,irri-
gation at heading and filling stage) and three nitrogen levels (non-nitrogen, 0 kg/hm?®; low nitrogen, 60
kg/hm?* ; high nitrogen,180 kg/hm?) to study the effect of irrigation at different growth stages and nitrogen
fertilizer on maize growth, yield and water use efficiency. [Result] There were some effects of irrigation at

different growth stages and nitrogen fertilizer levels on plant height, leaf area, dry matter accumulation,
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yield and water use efficiency of maize. Compared with irrigation at the whole growth period (CK), there

was significant reduction on the plant height,leaf area,dry matter accumulation, yield for irrigation at seed-

ling +filling stage and irrigation at heading+f{illing stage,and the lowest water use efficiency. There was no

significant decline in maize yield with irrigation treatment at seedling + jointing stage, seedling + heading

stage,jointing+ heading stage,but irrigation water use efficiency was greatly improved. [Conclusion) In the

test field,compared with irrigation at the whole growth period, there was no significant decrease of maize

yield with irrigation treatment at seedling + jointing stage, seedling + heading stage, jointing + heading

stage, but water use efficiency had been greatly improved. Nitrogen fertilizer had significant increase in

maize yield and water use efficiency.
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Table 1 Rainfall and irrigation treatment in maize growth period
i H ieg ] EL R EilipEaR] TR A 2EFH
Ttem Seedling stage Jointing stage Heading stage Filling stage Whole stages
A % % W /mm Rainfall 46.0 87 84.2 82.9 300. 1
H#EK H ] Irrigation date 07-16 08-06 08-25 09-21
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Table 2 Effect of irrigation at different growth stages and nitrogen fertilizer on plant height and leaf area of maize

Koy it &L i ] L &R ] EiLpy] THE I
kb Ik S Seedling stage Jointing stage Heading stage Filling stage
Water  Nitrogen ¥k /cm M ffii B!/ cm? M i /cm A/ em? Bk /em 1 A/ em? PR =/ cm 1 A/ em?
treatment  level Plant height  Leaf areas Plant height Leaf areas  Plant height Leaf areas Plant height Leaf areas
HN 67.0 ab 862.0 a 174.7 a 5035.6 a 228.3 cd 6 387.3 a 226. 4 bede 5 763. 3 abc
CK LN 66.6 ab 786. 4 abed 173.9 ab 4929.1b 235.7 ab 6 405.9 a 235.8 ab 5 763. 3 abc
ZN 58.7 cd 576.0 ef 162.9 efgh 4 255.7 gh  240.5 a 6 446.0 a 231. 8 abc 5 384. 1 cdefgh
HN 68.7 ab 789. 1 abed 169. 4 abedef 4 830.1 ¢ 238.6 a 5909.9 bed 235.7 ab 4601.31i
T1 LN 67.9 ab 749.5 abed 165.1 cdefg 4 657.9 d 224.3 de 5 807. 1 bedef 228.9 bed 5 492. 3 bedefg
ZN 63.1 bed 574.6 ef 161. 2 fghi 3944.11 215.7 gh 5429.6 fg 207.3 h 5 252. 3 efgh
HN 66.9 ab 714.0 bed 157.1 ghi 4564.5d 224.1 de 5 595. 1 cdefg 226. 5 bede 5 579. 6 bedef
T2 LN 68.4 ab 730. 3 bed 159. 4 ghi 4326.5 g 227.4 cde 5494.7 efg  219.1 delg 5 313. 8 defgh
ZN 64.5 bed  553.0 elg 147. 3 jk 3811.1j  215.8 gh 59245 bed  211. 6 gh 5122.6 gh
HN 69. 8 ab 826. 3 ab 156. 0 hi 4382.5 ef 230. 6 bed 5 970. 2 be 233.0 abc 5043.4 h
T3 LN 66. 1 abc 718. 4 bed 156. 4 hi 4240.9 gh  216. 8 fgh 5898.9 bed 215.7 fgh 5030.9 h
ZN 50.3 e 453.0 g 143.7 k 3790.0] 204.0] 5567.3 defg 195.5 1 4394.21
HN 67.7 ab 797. 3 abc 173. 3 abc 4983.1ab  234.3 abc 6 171.4 ab  236.3 ab 5911.8 ab
T4 LN 63.8 bed 662. 8 de 165.4 cdefg 4 818.9 ¢ 220.5 efg 5 730.1 cdef 213.0 fgh 5 862.9 ab
ZN 62.4 bed 505. 2 fg 154. 3 3981.51 225.2 de 5 743.1 cdef 233.8 ab 5 165.7 fgh
HN 66.6 ab 742.4 abed 171.0 abcde 4 454.8 e 225.3 de 5427.6 g 242.0 a 5 384.7 cdefgh
T5 LN 66.9 ab 697. 6 cd 165. 6 bedefg 4 412.0 ef 223.5 def 5 936.5 bed 230. 3 be 5 651. 0 bede
ZN 65.8 be 525.3 g 157.7 ghi 3932.71 212.0 hi 5 827.5 bede 218.0 efg 5 727.4 bed
HN 66.8 ab 715. 3 bed 171.8 abed 4 654.5 d 223.5 def 5 823. 1 bedefl 226.5 bede 5 395. 3 cdefgh
T6 LN 73.8 a 753. 2 abed 169. 7 abedef 4 765.6 ¢ 214.0 gh 5 682. 2 cdefg 230. 3 be 6 169.8 a
ZN 58.0d 525.4 g 164. 4 defgh 4 212.2 h 205.5 ij 5319.3 g 222. 8 cdef 5 769. 4 abc
B FE RS (P {H) Significant level (P value)
K4y Water 0.734 6 0.353 3 <20.000 1 0.000 2 0.062 6 0.018 6 0.398 9 0.026 7
A % Nitrogen 0.005 6 <20.000 1 <20.000 1 <Z0.000 1 0.023 4 0.503 8 0.041 7 0.142 2
Ky X AR 0.014 2 0.278 6 0.462 7 <20.000 1 <20.000 1 0.002 7 <20.000 1 0.000 2

Water X Nitrogen

TR PR 2 A AL A F E L RSB S bR A Rl /ING 3 e 7 Ak B ) 22 5 1B 3 (P<C0. 05) . R R IF.

Note: The data in table were the averages of 2 repeated experiments. Different small letters in the same column meant significant difference

among treatments at 0. 05 level. The same with the below.
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Table 3 Effect of irrigation at different growth stages and nitrogen fertilizer on dry matter accumulation of maize

FYST) AR T S PR TR
Water treatment Nitrogen level Seedling stage Jointing stage Heading stage Filling stage
HN 8.84 a 74.15 a 175.10 a 301.46 a
CK LN 9.65 a 72.35 a 159. 78 ab 288.37 ab
ZN 7.16 a 60.71 de 131. 55 bedef 217.19 od
HN 7.17 a 65. 38 be 140. 26 abcede 236. 77 be
T1 LN 8.97 a 58.29 ef 110. 93 efg 228. 14 bed
ZN 6.15 a 53.40 gh 106. 59 efg 193.51 od
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Water treatment Nitrogen level Seedling stage Jointing stage Heading stage Filling stage
HN 8.31 a 52.29 hi 157. 42 abc 222.38 cd
T2 LN 9.65 a 46.62 jk 132. 83 bedef 210.85 cd
ZN 6.38 a 45,40 kl 114. 01 defg 181.10 cd
HN 8.20 a 67.80 b 105. 14 efg 210. 20 cd
T3 LN 9.20 a 55. 34 fgh 96.56 fg 181.83 cd
7N 5.37a 53.50 gh 84.50 g 167. 41 d
HN 7.02 a 63.13 cd 150. 22 abed 206.52 cd
T4 LN 8.31 a 47.19 jk 137. 69 abcde 200. 56 cd
ZN 6.77 a 40. 81 m 121. 55 cdefg 194.91 od
HN 7.88 a 54.13 gh 140. 70 abcde 236.19 be
T5 LN 7.69 a 46.72 jk 118. 41 defg 228.52 bed
ZN 6.80 a 42.90 Im 110. 11 efg 200.97 cd
HN 8.33 a 57.14 elg 149. 59 abed 192. 30 cd
T6 LN 8.86 a 47.13 jk 109. 83 efg 175.05 cd
ZN 5.02 a 42.66 Ilm 90.06 g 181. 99 cd
W EPER S (P {f) Significant level (P value)
7K 4> Water 0. 319 <20.000 1 <20.000 1 0. 000 2
# # Nitrogen <<0.000 1 <<0. 000 1 <<0.000 1 0.001 9
JK 43 X % 2 Water X Nitrogen 0.995 0.000 1 0.919 6 0.821 9
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Table 4 Effect of irrigation at different growth stages and nitrogen fertilizer on yield and water use efficiency of maize

K434k 2R Jiti K - K /em }@*Vﬁﬁéﬁl/ H*Vr’”n—af ?Eiﬁ)bki"]fﬂs?l%z/
Water treatment Nitrogen level Spike length L (g : D . (lig : hm ) (kg » m . )
Grain weight per spike Grain yield Water use efficiency
HN 17.2 a 197.62 a 8 206. 30 a 4.10 d
CK LN 16. 6 abc 181. 88 abed 7 221.68 ab 3.61d
ZN 16. 1 abc 164. 70 bede 6 838.12 be 3.42 d
HN 16. 8 abc 180. 32 abed 7 212.83 ab 7.51 ab
T1 LN 16. 3 abce 161. 83 bede 6 823. 30 be 6. 82 abc
ZN 16. 0 abc 154. 08 cde 6 363.38 be 6. 36 abc
HN 17.1 ab 181. 24 abed 7 449.45 ab 7.65 a
T2 LN 16. 4 abc 170. 12 abede 6 954. 94 be 6.95 abe
ZN 15.6 ¢ 153.47 de 6 338.79 be 6. 74 abc
HN 16. 6 abc 178. 01 abed 7 030.45 be 7.43 ab
T3 LN 16. 4 abc 168. 73 abcede 6 549. 29 be 6. 55 abc
ZN 15.9 be 143.74 e 6 449. 54 be 6.55 abe
HN 16. 6 abc 183. 45 ab 7 338.14 ab 7.33 ab
T4 LN 16. 2 abc 167. 54 bede 6 701.70 be 6.70 abc
ZN 16. 1 abc 158. 94 bede 6 757. 64 be 6. 75 abe
HN 16. 4 abce 172. 20 abede 7 087.89 ab 6.97 abe
TS LN 16. 3 abc 167.50 bede 6 700. 01 be 6. 58 abc
ZN 15.8 ¢ 153. 14 de 6 325.87 be 6. 25 be
HN 16. 6 abc 184.33 ab 7 223.36 ab 7.37 ab
T6 LN 16. 3 abce 157. 42 bede 6 296. 82 be 6.29 be
ZN 15.5 ¢ 148.40 e 5 935.96 ¢ 5.93 ¢
o EPER S (P {f) Significant level (P value)
7K 4> Water 0.075 4 0.004 7 0.001 9 <20.000 1
# # Nitrogen <<0.000 1 <<0.000 1 <<0. 000 1 <<0.000 1
IK 43 X % Z Water X Nitrogen 0.990 8 0.985 2 0.9810 0.995 7
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