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Effect of ratio of nitrate to ammonium on physiological characteristics of
rice genotypes at seedling stage under moderate water stress
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Abstract: Rice genotypes including Gangyou 527, Yangdao 6, Zhonghan 3 and Nongken 57 were grown under dif-
ferent water stress conditions and treated with ammonium and nitrate at various ratios to investigate the effects of water
stress and nitrogen forms on growth, nitrogen absorption and physiological characteristics of rice. The results indicated
that, under normal water condition, moderate decrease in the ratio of ammonium/nitrate (50:50) could increase nitrate
content in the leaves and roots of rice, while the net photosynthetic rate ( Pn) was not affected. However, when the pro-
portion of nitrate N was higher than 50% , the physiological and metabolic indexes decreased significantly and the growth
of rice seedlings was inhibited. Under moderate water stress condition, the ratio of ammonium/nitrate at 50:50 was more
beneficial to increase Pn of top three leaves, to promote the accumulation of compatible osmolytes, to improve the nitro-
gen uptake and to boost the growth of rice seedlings, as compared with that treated with normal water and 100% ammoni-
um N, Moreover, under moderate water stress condition, the responses of different rice genotypes to increasing nitrate N
differed from each other significantly. In terms of Pn and nitrogen use efficiency, indica rice was superior to japonica
rice; similarly, hybrid indica rice was superior to inbred indica rice, and japonica upland rice was better than japonica
paddy rice. No difference was observed in drought tolerance within the same rice genotype.
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Fig.1 Effects of ammonium/nitrate ratio on net photosynthetic rate in rice seedlings
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Table 1  Effects of PEG and ammonium/nitrate ratio on dry weight in rice seedlings
AL PEG #eJE/ % E aidh ) =
o BRI I /% e w i . o
. Ammonium PEG Root Stem Leaves
Variety . . . Root/leaves Root/shoot
/nitrate ratio concentration /g /g /g
00:0 0 0.240 a 0.273 b 0.404 a 0.59 fgh 0.35d
100:
5 0.248 a 0.293 a 0.372 b 0.67 de 0.37 ¢
50:50 0 0.158 ¢ 0.207 ¢ 0.290 de 0.55 ij 0.32 f
X] 41 :5
~|_”j|:527 5 0.205 b 0.184 d 0.279 e 0.74 be 0.44 b
Gangyou 527
0 0 0.114 ef 0.164 ef 0.233 fg 0.49 klm 0.29 hi
0:1
5 0.137 d 0.143 hi 0.216 gh 0.63 ef 0.38 ¢
- Average 0.184 0.211 0.299 0.61 0.36
100:0 0 0.138 d 0.162 ef 0.272 e 0.46 mn 0.28 ij
. 5 0.160 c 0.193 ed 0.326 ¢ 0.49 ki 0.33 ef
0:50 0 0.138 d 0.194 cd 0.317 ¢ 0.4 n 0.27
7 =) H
ames 5 0.161 ¢ 0.208 0.293d 0.55 ij 0.32f
Yangdao 6
0:100 0 0.072 ¢ 0.166 e 0.218 gh 0.33 0 0.19 k
. 5 0.101 f 0.091 k 0.145 jj 0.70 cd 0.43 b
4 Average 0.129 0.169 0.262 0.49 0.30
100:0 0 0.105 f 0.146 ghi 0.241 f 0.44 n 0.27 j
’ 5 0.117 ef 0.134 §j 0.229 fg 0.51 jk 0.32f
0 0.120 e 0.146 ghi 0.270 e 0.44 mn 0.29 hi
ot 3 5 50:50 . 4 "
Zhoaghan 3 5 0.123 0.139 hij 0.218 gh 0.56 ghi 0.34 de
0:100 0 0.098 f 0.151 fgh 0.197 h 0.50 k 0.28 ij
. 5 0.114 ef 0.101 k 0.135 jj 0.84 a 0.48 a
-4 Average 0.113 0.136 0.215 0.55 0.33
00:0 0 0.124 e 0.197 ed 0.223 fgh 0.56 hi 0.30 gh
100:
5 0.137 d 0.199 ¢ 0.228 fgh 0.60 fg 0.32 f
0 0.077 g 0.107 k 0.155 1 0.50 k 0.29 hi
R 57 50:50 , N "
Nongken 57 5 0.110 ef 0.160 efg 0.208 0.53 ij 0.30 gh
0 0.078 ¢ 0.126 0.130 j 0.60 fg 0.30 gh
0:100
5 0.115 ef 0.151 fgh 0.152 1 0.76 b 0.38 ¢
- Average 0.107 0.157 0.183 0.59 0.32

T FSIARNG PR 2257 B3 (P <0.05).
Note: Different lower case letters in the same columns means significant difference at P <0.05.
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2 PEGKSTEMEFERFHECLL AL BN K FE L) B H AR EE R

Table 2 Effects of PEG and ammonium/nitrate ratio on area of top 3 leaves and base width of stem in rice seedlings

o %ﬁﬁﬁﬁﬂ 4 PEG %1/ % 8 1 7 Top 1st leaf f8] 2 1 Top 2nd leaf £ 3 1 Top 3rd leaf %%ﬁ‘/(‘,m
Variety A@momurr} PEG . K/em T A/ em? K/em T AL/ em? K/em T A/ em? Bas‘e width
/nitrate ratio  concentration Length Area Length Area Length Area of stem
100:0 0 31.90 29.67 25.85 21.33 21.20 14.73 0.92
. 5 26.85 24.65 22.98 20.22 18.45 12.36 0.85
50:50 0 25.53 22.71 22.55 18.01 15.03 9.32 0.88
X4 :
PR 527 5 25.98 23.50 20.35 17.05 15.58 9.71 0.91
Gangyou 527
0:100 0 24.78 22.46 19.60 16.16 14.13 8.49 0.81
-1
5 24.63 20.87 18.68 16.41 14.58 8.91 0.79
45 Average 26.61 23.98 21.67 18.20 16.50 10.59 0.86
0 28.28 26.76 21.55 23.00 16.33 10.26 0.84
100:0
5 23.30 20.36 19.53 16.90 13.95 8.09 0.81
0 30.00 33.23 22.33 27.11 16.33 10.96 0.85
6 50:50
BRi6 s 5 29.55 32.03 24.05 30.00 19.45 14.26 0.83
Yangdao 6
0 21.10 17.44 15.53 13.24 10.73 6.05 0.77
0:100
5 18.93 14.04 14.65 11.19 10.43 5.63 0.70
P44 Average 25.19 23.98 19.61 20.24 14.54 9.21 0.80
100:0 0 31.60 22.63 23.48 19.21 13.78 6.31 0.91
. 5 29.95 20.30 22.73 18.47 14.80 6.25 0.89
0:50 0 32.33 25.67 26.05 18.67 16.83 8.59 0.93
H L0 :
s 5 29.13 20.43 21.38 18.59 14.03 6.39 0.90
Zhonghan 3
0:100 0 29.00 22.34 23.33 18.01 16.73 8.59 0.89
. 5 25.97 17.27 19.60 10.99 15.83 8.41 0.83
- Average 28.83 20.77 22.76 17.32 15.33 7.42 0.89
100:0 0 29.08 17.26 22.30 15.96 16.78 6.70 0.79
. 5 27.95 16.72 21.73 14.97 17.80 7.27 0.76
0 25.83 13.18 20.95 12.53 16.40 5.84 0.74
K1 57 50:50
5 27.78 16.56 20.90 15.11 16.48 5.97 0.77
Nongken 57
0:100 0 20.00 9.70 16.75 8.47 12.85 4.61 0.70
-1
5 16.67 8.14 14.50 7.69 13.67 4.97 0.67
44 Average 24.55 13.59 19.52 12.46 15.66 5.89 0.74
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