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Effect of ammonium and nitrate sole supply and nitrogen levels on
nitrogen, phosphorus and potassium content and accumulation of
maize (Zea mays L.) under water-logging stress at seedling stage
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Abstract: [Objective] Effect of water-logging stress on nitrogen, phosphorus and potassium content
and accumulation was studied in a sand cultivation experiment,in order to provide a theoretical basis for en-
hancing water-logging stress tolerance by using nitrogen supply to optimize nitrogen, phosphorus and po-
tassium nutrition. [Method) Response of nitrogen, phosphorus and potassium content,and accumulation of
two maize cultivars (Wanyu 9 and Limin 15) to nitrogen forms (ammonium and nitrate) and nitrogen lev-
els (3 mmol/L and 7 mmol/L) under water-logging stress at seedling stage were studied in the experi-
ment. [Result] The results showed that, maize plants supplied with low level of ammonium-nitrogen

(A3F) was higher than those supplied with high level (A7F). In contrast,inhibitory effect of water-logging
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stress on growth of nitrate-treated maize plants alleviated with increasing nitrate-nitrogen supply. Root ap-
pears suffering from much more reduction in biomass when compared with shoot (stem and sheath, and
leaves) of maize plants under the stress conditions. Increase in ammonium-nitrogen showed no significant
effect on nitrogen, phosphorus and potassium uptake and accumulation, while considerably increased nitro-
gen content,and reduced potassium content in the root of maize plants at the same time. By contrast, higher
nitrate-nitrogen treated plants showed a pronounced increase in nutrients uptake and higher nutrients accu-
mulation in the maize plants under water-logging stress. [Conclusion) The presented data revealed that ni-
trogen form and nitrogen level are two major factors affecting maize plants responses to water-logging
stress,and negative effects of the water-logging stress under higher ammonium-nitrogen supply led to the
imbalance between nitrogen and potassium in the roots, probably due to the increase in nitrogen content

and reduction in potassium content. Contrary to that observed for ammonium-treated plants,plants treated

with higher nitrate supply accumulated much more nitrogen, phosphorus and potassium.

Key words:ammonium and nitrate nutrition; maize; water-logging stress;nitrogen, phosphorus and po-

tassium
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Fig. 1 Effect of water-logging stress on biomass of maize cultivars supplied with different

nitrogen form and nitrogen levels at seedling stage

Different letters in the same column of the same cultivars indicates significant at P=5% level;

Different bold letters at the top of the figure indicates significant at P=5% level on the total plants basis
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Table 1

Effect of nitrogen form and nitrogen level on nitrogen content and accumulation of different parts of

maize cultivars at seedling stage under water-logging stress condition

A/ (mg+ g ') Nitrogen content

AEME/(mg « # 1) Nitrogen accumulation

i Fif 4b 7

Cultivars Treatments M Root 2% Sheath - Leave  Hitk Total M Root 2% Sheath M Leave Ak Total
A3 15.02 bed 9.29 ¢ 14. 48 de 13.22 cd 3.12 b 2.87 be 10. 42 bed 16.42 ¢
A7 16. 78 ab 13.06 b 21.20 ab 18.00 b 5.37 a 6.58 a 16.98 b 28.93 b
N3 13.01 cd 8.05 ¢ 11.58 e 10.98 d 3.22 b 2.83 ¢ 7.58 cd 13.63 ¢

FE 15 N7 12.05 d 8.64 ¢ 14. 31 de 12.07 d 5.70 a 6.01 ab 16. 21 be 27.91b

Limin 15 A3F 15.78 be 13.84 b 18. 80 be 17.18 b 3.06 b 3.06 b 12.59 be 18.71 be
ATF 19.56 a 17.38 a 23.24 a 21.63 a 2.23 b 3.17 be 14. 20 bed 19. 60 be
N3F 17.52 ab 11. 35 be 16.92 cd 15. 36 be 1.70 b 2.11 ¢ 5.45d 9.27 ¢
N7F 16. 11 abc 12.90 b 20. 54 ab 17.86 b 5.76 a 8.39 a 27.02 a 41.16 a
A3 13.99 cd 8.80 cd 14.15 ¢ 12.85 ¢ 3.61 bed 3.03 be 12.08 cd 18.72 cd
A7 13.72 de 14. 15 ab 19. 87 be 17. 43 be 5. 36 abc 6.73 ab 23.87 ab 35.97 ab
N3 12.03 e 7.04 d 10. 31 f 9.77 1 2.42 d 2.22 ¢ 6.50 d 11.14 d

e E 9 B N7 12. 38 de 10. 85 bed 16.12 de 13. 89 de 6.14 ab 6.62 ab 21.04 abc 33. 80 abc

Wanyu 9 A3F 12.17 ¢ 11. 86 abc 18.49 cd 15. 84 ¢d 3.63 bed 4.01 be 16. 84 bed 24,48 bed
ATF 20.98 a 15.29 a 24.29 a 21.50 a 2.65 cd 3.47 be 14. 57 bed 20. 69 bed
N3F 15. 66 bc 11.62 abc 19. 30 be 16. 88 be 1.74 d 2.18 ¢ 9.93d 13.85d
N7F 16.37 b 14. 05 ab 21.30 b 18.56 b 7.16 a 9.75 a 29.55 a 46.47 a
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Table 2 Effect of nitrogen form and nitrogen level on nitrogen content and accumulation stress coefficient of

maize cultivars at seedling stage under water-logging stress condition

Ealce i SEEN AR E M0 R AL
i Ak 7 Nitrogen content stress coefficient Nitrogen accumulation stress coefficient
Cultivar Treatment
M Root 2% Sheath - Leave Mtk Total # Root 2% Sheath - Leave Ak Total
A3F 1. 05 1. 49 1. 30 1. 30 0.98 1. 06 1.21 1. 14
FI 15 ATF 1.17 1.33 1.10 1.20 0.42 0.48 0. 84 0. 68
Limin 15 N3F 1.35 1.41 1.46 1. 40 0.53 0.75 0.72 0. 68
N7F 1. 34 1. 49 1. 44 1.48 1.01 1. 40 1. 67 1.47
A3F 0. 87 1.35 1.31 1.23 1.01 1.32 1. 39 1. 31
i 9= ATF 1.53 1.08 1.22 1.23 0.49 0.52 0.61 0.58
Wanyu 9 N3F 1. 30 1. 65 1. 87 1.73 0.72 0.98 1.53 1. 24
N7F 1. 32 1. 29 1. 32 1.34 1. 17 1.47 1. 40 1. 37
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Table 3 Effect of nitrogen form and nitrogen level on phosphorus content and accumulation of different parts of

maize cultivars at seedling stage under water-logging stress condition

W& & /(mg + g ') Phosphorus content

W Z R E/(mg -

# ') Phosphorus accumulation

i A Qb2

Cultivar Treatment # Root 2% Sheath M Leave ¥k Total R Root 2% Sheath H Leave Hitk Total
A3 0.524 be 0.323d 0.278 ab 0.329 ¢ 0.110 ab 0.092 d 0. 205 ab 0.407 cd
A7 0. 494 be 0. 431 bed 0.292 ab 0. 376 be 0.168 a 0.208 abc  0.225 ab 0. 601 abc
N3 0.430 ¢ 0.380 cd 0.208 b 0.297 ¢ 0.110 ab 0.131 cd 0.136 b 0.377 cd

FIE 15 N7 0.387 ¢ 0.323d 0.314 ab 0.331 ¢ 0.182 a 0. 220 ab 0.363 a 0. 765 ab

Limin 15 A3F 0.696 a 0.607 a 0.382 a 0.487 a 0.136 ab 0.134 bed  0.266 ab 0.537 be
ATF 0.616 ab 0.538 ab 0.390 a 0.449 ab 0.071 b 0.100 d 0.240 ab 0.411 cd
N3F 0.711 a 0. 485 abc 0.356 a 0.454 ab 0.073 b 0.087 d 0.099 b 0.259 d
N7F 0. 466 be 0. 455 be 0. 284 ab 0. 358 be 0.169 a 0.273 a 0.372 a 0.814 a
A3 0.472 be 0. 401 be 0.312 b 0. 360 ab 0.123 be 0.141 bed 0. 268 ab 0.532 be
A7 0. 466 be 0.467 abc 0.351 ab 0.401 ab 0.186 ab 0.229 abc  0.422 a 0. 838 ab
N3 0. 401 cd 0.386 ¢ 0.576 a 0.488 a 0. 081 be 0.121 cd 0.387 a 0. 589 abc

e F 9 = N7 0.350 d 0.385 ¢ 0.248 b 0.306 b 0.171 ab 0. 264 ab 0.316 ab 0.751 ab

Wanyu 9 A3F 0.548 a 0.527 ab 0. 384 ab 0.448 a 0. 165 abc 0.176 bed  0.352 ab 0.694 ab
ATF 0.506 ab 0.539 a 0.452 ab 0.480 a 0.065 ¢ 0.123 cd 0. 255 ab 0.443 be
N3F 0.539 a 0. 459 abc 0.280 b 0.362 ab 0.061 ¢ 0.090 d 0.139 b 0.291 ¢
N7F 0.495 ab 0. 486 ab 0.293 b 0.377 ab 0.232 a 0.311 a 0.399 a 0.942 a
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Table 4  Effect of nitrogen form and nitrogen level on phosphorus content and accumulation stress coefficient of

maize cultivars at seedling stage under water-logging stress condition

e Ak 5 Phos %Qiﬂﬂﬂ%’ﬂ . ‘ ﬁ?ﬁ*ﬁiﬁﬂﬂ%?ﬁ -
Cultivar Treatment osphorus content stress coefficient Phosphorus accumulation stress coefficient
# Root 2 Sheath M Leave ¥k Total R Root 2% Sheath H Leave Hik Total
A3F 1. 33 1. 88 1. 37 1.48 1. 24 1. 46 1. 30 1.32
FE 15 ATF 1. 25 1. 25 1. 34 1.19 0.42 0.48 1. 07 0.68
Limin 15 N3F 1.65 1.28 1.71 1. 80 0. 66 0. 66 0.73 0. 69
N7F 1. 20 1.41 0.90 1.08 0.93 1.24 1.02 1. 06
A3F 1. 16 1. 31 1.23 1.24 1.34 1.25 1.31 1. 30
= ATF 1.09 1.15 1. 29 1. 20 0. 35 0. 54 0. 60 0.53
Wanyu 9 N3F 1. 34 1.19 0. 49 0.74 0.75 0.74 0. 36 0.49
N7F 1.41 1. 26 1.18 1.23 1. 36 1.18 1. 26 1.25
K5 BRHEEFRREAAHRAKENHHEBKHEERASERFERENEZMN
Table 5 Effect of nitrogen form and nitrogen level on potassium content and accumulation of
different parts of maize cultivars at seedling stage under water-logging stress condition
i Lb FR &/ (mg « g 1) Potassium content HFE IR/ (mg » Bk ') Potassium accumulation
Cultivar Treatment M Root 2% Sheath M Leave  #ffi¥k Total R Root 2£ Sheath M Leave MKk Total
A3 8.67 ¢ 18.03 ¢ 16. 17 ab 15. 29 de 1.89 ¢ 5.61 bed 11. 80 be 19. 30 be
A7 8.96 ¢ 21. 28 be 18.07 a 17. 25 bed 2.91 be 10. 32 be 14. 17 be 27.40 be
N3 14.21 b 19. 64 be 16.93 ab 17. 14 d 3.68 be 6.81 bed 11. 32 be 21.82 be
FIR 15 N7 10. 59 be 15.62 ¢ 14.31 b 13.81 e 4.99 ab 10.65 b 16. 23 ab 31.87 b
Limin 15 A3F 18.51 a 28.46 a 18.09 a 20. 36 ab 3.61 be 6.30 bed  12.47 be 22.37 be
ATF 12.72 be 25.34 ab 17.90 a 18. 60 abc 1.47 ¢ 4.72.d 11.16 be 17.34 ¢
N3F 20.47 a 21.27 be 16. 66 ab 18. 62 abc 2.67 be 4.93 cd 6.27 ¢ 13.88 ¢
N7F 18.96 a 28.17 a 18.40 a 21.02 a 6.88 a 17.56 a 23.92 a 48.36 a
A3 8.84 cd 16.79 cd 16. 02 bed 14.88 cd 2.27 cd 5.79 be 13. 62 be 21.68 be
A7 7.65d 21. 84 be 16. 26 abed  16. 00 cd 2.95 bed  10.59 be 19.56 ab 33.10 be
N3 12.08 ¢ 14.23 d 14.50 d 14.02 d 2.50 bed 4.34 ¢ 9.30 ¢ 16.15 ¢
ek 9 = N7 9.35¢ 18.77 cd 15.29 cd 15.02 cd 4.42 be 12.50 ab 19.57 ab 36.49 ab
Wanyu 9 A3F 17.33 b 28.64 a 18. 30 abc 20.41 ab 5.15b 9.77 be 16. 78 be 31.70 be
ATF 11.07 cd 21.28 ¢ 17.54 abed  17.72 be 1.57d 4.81 ¢ 10.56 ¢ 16.94 ¢
N3F 23.84 a 28.13 a 18.62 ab 21.69 a 2.77 bed 5.63 be 9.57 ¢ 17.96 ¢
N7F 19.26 b 27.10 ab 19. 36 a 21.32 a 8.04 a 18.44 a 25.89 a 52.37 a
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Table 6 Effect of nitrogen form and nitrogen level on potassium content and accumulation stress coefficient of
maize cultivars at seedling stage under water-logging stress condition
B e Potacs Wﬁﬁﬂﬂlﬁ_ﬁz\@( . B W?fﬂiﬁﬂ)ﬂ%ﬁ .
Cultivar Treatment otassium content stress coefficient Potassium accumulation stress coefficient
M Root 2% Sheath - Leave  HH#k Total M Root 2% Sheath M Leave Ak Total
A3F 2.13 1.58 1.12 1.33 1.91 1.12 1. 06 1. 16
A 15 ATF 1.42 1.19 0.99 1.08 0. 51 0.46 0.79 0. 63
Limin 15 N3F 1. 44 1.08 0.98 1.09 0.73 0.72 0.55 0. 64
N7F 1.79 1. 80 1. 29 1.52 1. 38 1.65 1.47 1.52
A3F 1.96 1.71 1. 14 1.37 2.27 1. 69 1.23 1. 46
g 9= ATF 1.45 0.97 1.08 1.11 0.53 0.45 0. 54 0.51
Wanyu 9 N3F 1.97 1.98 1.28 1.55 1.11 1. 30 1.03 1.11
N7F 2.06 1. 44 1. 27 1.42 1.82 1. 48 1.32 1. 44
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