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Effect of nitrogen form and nitrogen supply level on maize
(Zea mays L.)biology and photosynthesis characteristics under
water-logging stress at seedling stage
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Abstract: [Objective] The aim of study was to provide a theoretical basis on water-logging tolerance
enhancement by using optimal nitrogen supply. [Method] Flooding or water-logging is an abiotic stress as
major limits to agriculture in many regions in south China. Success or failure of crops in many arable farm-
lands can also be determined by frequency and the extent of flooding. Therefore,it is important to investi-
gate methods associated with enhancing water-logging tolerance, and to use them in maize cultivation. In
general, maize plants were less tolerant of water-logging at the early growth stages. Biology and photosyn-
thesis response of two maize cultivars at seedling stage to nitrogen forms (ammonium and nitrate) and ni-
trogen levels (3 mmol/L and 7 mmol/L) under water-logging stress were studied by using nutrient solu-
tion culture. [Result] The results showed that, biomass of different parts, plant height, stem cross section

area,roots volume, photosynthesis rate,chlorophyll content and leaf area of maize plants supplied with high
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nitrogen level (7 mmol/L) was higher than those supplied with low nitrogen level (3 mmol/L) under non

water-logging stress condition. Water-logging tolerance of maize plants supplied with low nitrogen level

was higher than those supplied with high nitrogen level under ammonium nutrition, while the tolerance of

maize plants supplied with high nitrogen level was higher than those supplied with low nitrogen level under

nitrate nutrition. Higher tolerance of maize plants to water logging stress appears to maintain higher bio-

mass of different parts, photosynthesis rate, etc. [Conclusion)] Therefore,response to water-logging stress

varied considerably depending on genotypes and nitrogen supply,either nitrogen forms or nitrogen levels.

Key words: ammonium and nitrate nutrition; maize; seedling stage; water-logging stress; photosynthe-

sis; bio-characteristic
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Table 1 Effect of nitrogen form and nitrogen level on biomass of maize cultivars at
seedling stage under water-logging stress condition g
i i ik 7 nt ES it bk
Cultivar Treatment Leaf Stem Root Total plant
A3 0.72+0. 22 be 0.31740.08 be 0.21740.05 cd 1.2440. 32 be
A3F 0.68+0.26 ¢ 0.22740.04 ¢ 0.207£0.03 cd 1.1040. 32 be
A7 0.78+0. 33 be 0.49740.17 ab 0.34740. 18 abc 1.60+0.20 b
FIE 15 ATF 0.4140.33 ¢ 0.1940.03 ¢ 0.1140. 02 d 0.85+0.22 ¢
Limin 15 N3 0.67%+0.18 ¢ 0.35+0.16 be 0.25+0. 08 bed 1.2840. 38 be
N3F 0.34+0.29 ¢ 0.1940.16 ¢ 0.1240.11d 0.65+0.55 ¢
N7 1.1540.23 ab 0.7040.16 a 0.4740.04 a 2.32£0.36 a
N7F 1.3040.50 a 0.63740.29 a 0.36%40.16 ab 2.30£0.90 a
A3 0.85+0.08 ab 0.35+0.07 b 0.26+0. 08 bed 1.4740. 18 be
A3F 0.91+0.16 ab 0.34+0.09 b 0.30+0. 08 abed 1.5440. 23 abc
A7 1.2140.24 a 0.514+0.19 ab 0.40740. 20 abc 2.114+0.60 ab
g 9= ATF 0.61+0.35b 0.23+0.11b 0.137+0.07 d 0.97+0.54 ¢
Wanyu 9 N3 0.6440.18 b 0.31£0.13 b 0.20%£0.07 cd 1.1640. 38 be
N3F 0.51£0.29 b 0.20£0.07 b 0.1140.05d 0.82+0.41 ¢
N7 1.33£0.53 a 0.7140.34 a 0.51£0.17 a 2.54£1.02 a
N7F 1.4040.72 a 0.6840.43 a 0.47-+0.32 ab 2.55+1.46 a

T RSB R AR AR /NS FREE ROR N B FEXES . TR,

Note: Different letters in the same column of the same cultivars indicates significance at 5% level. The same is as follows.
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Table 2 Effect of nitrogen form and nitrogen level on biomass stress coefficient of maize cultivars at seedling stage

under water-logging stress condition

. T%ﬁﬂj}ﬁ%ﬁ ' [ E YA SN SN Al SEEN A
i Ak g Biomass stress coefficient Stress coefficient Stress coefficient
Cultivar Treatment i 2 R Rk of the ration of of the ration of
Leaf Stem Root Total plant leaf to stem roots to shoot
A3F 0.94 0.72 0.93 0. 88 1.31 1.07
FIE 15 ATF 0.53 0.38 0.33 0.53 1.37 0.71
Limin 15 N3F 0.51 0.53 0. 47 0.51 0.97 0.91
N7F 1.13 0.91 0.77 0.99 1. 25 0.74
A3F 1. 06 0.97 1.13 1.05 1. 10 1.09
e 9 ATF 0.51 0. 46 0.32 0. 46 1. 10 0. 65
Wanyu 9 N3F 0.79 0.63 0.56 0.71 1.25 0.75
N7F 1. 06 0.95 0.92 1. 00 1.12 0.91
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Table 3 Effect of nitrogen form and nitrogen level on bio-characters of maize cultivars
under water-logging stress condition at seedling stage
7= E-Yi g qiigaal LiYENGA
B b Plant height : _ Stem cross section : _ Root : _
Cultivar Treatment M 5EAE / cm 38 25 5 I 5E {8 / cm? LUELES St I 5E {8/ cm?® LS
Value Str'e§s Value Str(eﬁs Value Str.e$S
coefficient coefficient coefficient
A3 19.842. 8 cde — 0.70940.080 b — 6.49+2.52 abe —
A7 23.9%3.7 abc - 1.139+0.228 a - 9.03+5.03 a —
N3 20.4+4.5 bede — 0.71840.220 b - 5.74+1.74 abe —
IR 15 N7 27.24+2.1a — 1.303£0.232 a — 7.90+4.05 ab —
Limin 15 A3F 22.140.5 abed 1.11 0.70640.098 b 0.99 6.7641.47 abc 1. 04
ATF 17.041. 3 de 0.71 0.6364+0.037 b 0. 56 3.56+0.78 be 0. 39
N3F 14.4+8.8 ¢ 0.71 0.508+0.333 b 0.71 3.21+2.64 ¢ 0. 56
N7F 26.0%3.4 ab 0.96 1.474+0. 405 a 1.13 8.58+3.71 a 1.09
A3 25.2+2.8 be — 0.58540.062 b — 7.70+1.89 ab —
A7 29.6+3.3 ab — 0.87040. 287 ab - 10.59+3.41 a —
N3 19.7+4.1¢ - 0.616+0.156 b - 3.69+0.95b —
] N7 32.0+7.5 a — 1.18240. 391 a - 9.62+2.82 a -
Wanyu 9 A3F 28.5%+1.9 ab 1.13 0.81140.227 b 1.39 10.44+3.75 a 1. 36
ATF 21.2+5.5 ¢ 0.71 0.61940.206 b 0.71 3.84+2.64 b 0. 36
N3F 21.8+2.4 ¢ 1. 11 0.5034+0.147 b 0.82 3.15+£0.96 b 0. 85
N7F 32.2+6.0 a 1.01 1.263+0.476 a 1.07 10.91+6.71 a 1.13
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Table 4 Effect of nitrogen form and nitrogen level on photosynthesis rate and chlorophyll content of maize
plants under water-logging stress condition at seedling stage
e i Y45 3% Photosynthesis rate -4 & & 4 Chlorophyll content
Cultivar Treatment Uﬂﬂ%fﬁ/(pmol cemfesTh iy 3a % WEM/ (mg = g™ 1) o ia # K
Value Stress coefficient Value Stress coefficient

A3 12.5+1. 34 be — 1.2940.37 ¢ —

A7 19.0+1.84 a — 1.56+0. 26 abc -

N3 10.1+1.87 ¢ — 1.354+0.33 ¢ —

FIE 15 N7 18.146.01 ab - 1.3840. 05 ¢ -
Limin 15 A3F 12.4+0.21 ¢ 0.99 1.90+0.25 a 1. 46
ATF 9.941.78 ¢ 0.52 1.4840. 14 be 0.95
N3F 12.240.71 ¢ 1.21 1.8040. 33 ab 1.33
N7F 21.1£0.00 a 1.17 1.6340. 08 abc 1. 18

A3 13.8+0.28 ¢ — 1.52+0. 18 be —

A7 17.74+2.76 b — 1.7440.23 b —

N3 13.740.00 ¢ - 1.3540.25 ¢ -

iz 9 = N7 15.7%+1.56 be — 1.54%0. 23 be —
Wanyu 9 A3F 15.340. 00 be .11 1.6240.31 be 1.06
ATF 14.442.62 be 0.81 2.11£0.21 a 1.21
N3F 12.440.64 ¢ 0. 90 1.8240.24 ab 1.35
N7F 21.240.49 a 1. 35 1.70+0.07 b 1.10

NIRRT IIES S Nen = ons A TPt g (SIS
BENER . o RN 2r 3R R AR B R IR G
F L WITRE S o AU AL X H A G, MK S
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T 1 BKF R GG AN 4 3K ik B A A i 3
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T AR AAE 8 N -N K IF A B S e R a7 {1
NH/ =N K- i 52 3 i . 3¢ B AR PR OKCF /9
e VR O 3 7K B30 505 A 3 WM. 7E 4R NO, -N
FEIRAMET K B0 B 2 A S R 6K 0 7 58 4 e
ot e i AR AR R - e R DU 2 7 R SUK 1 I 2 B
Wap ALK A A T A g 2R 7K P P S Wt T v 9 3 i —
AP UESE R UK AT RETE T4 i NOy -N A B R OK Y
ARGV BER 12
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Table 5 Effect of nitrogen form and nitrogen level on leaf area of maize plants under
water-logging stress condition at seedling stage
o e 58 4 e I -1 L Newly expanded leaf area BT R Total leaf area
Cultivar Treatment W 7 {8/ cm? [USEES ﬁﬂ( W 7 {8/ cm? JlSEES %(
Value Stress coefficient Value Stress coefficient

A3 114.14£20.1 be - 655. 64144, 7 ab —
A7 159.9+17.6 a — 957.14217.3 a —
N3 81.0+10.3 cd - 411.3£102. 7 be -

AR 15 N7 138.7413.4 ab - 730.54128.0 ab -

Limin 15 A3F 101.5+12. 3 be 0. 89 444.1468.3 be 0.68
ATF 88.2+24.1 cd 0.55 501.6+186. 3 be 0.52
N3F 55.5+38.3d 0. 68 254.34196.1 ¢ 0.62
N7F 173.8%+51.4 a 1. 25 1029.8+£642.9 a 1. 41
A3 98.1+£5. 6 bed — 418.0435.9 be —
A7 148.8+26.2 a — 903.84551.2 a —
N3 84.1+15.6 cd — 344,4494.9 be —

mEE 9 N7 144.0+44. 2 ab — 712.74+256.9 ab —

Wanyu 9 A3F 120.7£16. 8 abc 1.23 664.44401.5 abc 1.59
ATF 91.8+35.1 cd 0.62 432.94174.4 be 0.48
N3F 64.4+25.8d 0.76 237.6484.3 ¢ 0. 69
N7F 158.1+45.5 a 1. 10 888.44348.1 a 1.25

s W oB ST R A0 o 2 e R K T A R, SRR

Y ZKORT AR ) A3 T T R R SR R Y T
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PR A R A OGRS BE L A AR R 5 B A
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