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Effect of N application on fertilizer-N use efficiencies nitrification and nitrifying
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Abstract More and more evidence shows that nitrification happened in rhizosphere soil of rice is of significance to nitrogen

N nutrition of rice plants. Three japonica rice cultivars 4007 Wuyunjing7 and Elio with different N use efficiencies
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were used to study rice grain yields total N accumulation and the nitrification characteristics under three N treatments
such as zero N level 0 kg N/hm®  moderate N level 180 kg N/hm® and high N level 300 kg N/hm’ in field
conditions. The results obtained were described as follows. There were significant differences of rice grain yields among the
three rice cultivars under different N application rates. The maximal and minimal grain yields were obtained in 4007 in the
moderate N level and in Elio in the zero N level achieved 11117 kg/hm® and 5322 kg/hm’ respectively. There were
significant differences of the total N accumulation among the three N treatments and the total N accumulation increased
with the increase of the N fertilizer application rates. Significant differences were found in the fertilizer-N use efficiency and
rice grain yields among the three rice cultivars under different N application rates. For example the fertilizer-N use
efficiency of 4007 was always significantly higher than those of the Wuyunjing 7 and Elio in both moderate and high N level
treatments and the average fertilizer-N use efficiency in the high N level treatment was 42. 2% lower than that of the
moderate N level treatment. Based on the fertilizer-N use efficiency and grain yield at zero N fertilization level the three
rice cultivars could be defined as efficient and responsive 4007  efficient and nonresponsive ~ Wuyunjing7  and
nonefficient and nonresponsive Elio .

Under the water management of alternation of wetting and drying during the middle-late rice growing stages the main
N form in the rice growing rhizosphere soil was nitrate NO, -N in the zero and moderate N level treatments while
ammonium NH," -N  was the main N form in the high N level treatment. The contents of NH, -N and NO, -N in the
rthizosphere soil increased with the increase of the N fertilizer applications. For example the average contents of NH, -N at
the zero moderate and high N level conditions were 0. 88 0.94 mg/kg and 13.5 mg/kg respectively while those of
NO; -N were 1.61 1.73 mg/kg and 2.33 mg/kg respectively. The nitrification potential in the rice growing rhizosphere
soil represented significant differences among the three rice cultivars and the average values were 6.94 5.46 ¢/ kg h
and 2.42 g/ kg h for 4007 Wuyunjing 7 and Elio respectively under all the N application levels. The abundance of
ammonia — oxidizing bacterial AOB in the rhizosphere soil of Elio was significantly lower than those of 4007 and
Wuyunjing 7 under the different N application rates. The maximal abundance of AOB was 2. 02 x 10°/g soil in the
thizosphere soil of 4007 at high N level while the minimal one was 1. 89 x 10°/g soil in the rhizosphere soil of Elio at
moderate N level. The nitrification potentials in rhizosphere soil were significantly correlated with the rice grain yield at
zero moderate and high N levels r=0.799"" 0.877"" and 0.934"" respectively  and also they were significantly
correlated with the N physiological efficiency at moderate N level r=0.735" . Furthermore the abundances of AOB in
the rhizosphere soil were correlated with the nitrification potentials and the grain yields. These results inferred that there

should be a relationship among rice yields fertilizer-N use efficiency and nitrification potential in rhizosphere of rice plants.

Key Words rice fertilizer-N use efficiency rhizosphere nitrification ammonia-oxidizing bacteria
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Table 1 N fertilizer application rates in the field experiments kg N/hm’
Application time Zero N level Moderate N level High N level
Basal fertilizer 0 54 90
5~6 Tilling fertilizer 5 —6 leaves 0 54 90
I 13~14  Spike fertilizer | 13 — 14 leaves 0 36 60
2 15~16  Spike fertilizer 2 15 — 16 leaves 0 36 60
Total 0 180 300
1.4
4m* 3 N
0 ~20cm 7
NH, -N NO, -N AOB
® . . 2006. 28 ~36

Zhang Y L. Genotypic differences in grain yields and nitrogen use efficiency in rice cultivars. Nanjing Agricultural University Doctoral Thesis 2006.
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12.5 5 dwt 24
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2 4007 7 N Elio 4007
7
N N 5 N N
N 2 N
N
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Table 2

N

Grain yield and total N accumulation of different rice cultivars with different N use efficiencies

Grain yield kg/hm?

N Total N accumulation kg/hm’

Zero Moderate

Variety High Zero Moderate High
N level N level N level N level N level N level
4007 6837 a 11117 a 10754 a 109 a 202 a 251 a
7 Wuyunjing 7 7407 a 9898 a 9756 b 138 a 204 a 258 a
Elio 5322 b 8033 b 8165 ¢ 113 a 204 a 252 a
Average 6522 9683 9558 120 203 254
LSD 5% n=3 Means followed by different letters on the same column indicate significant difference at
5% level by LSD test
3 3 N 3 N N
N 3 4007 Table 3 Comparison of fertilizer-N use efficiency for different rice
N 55.5 k g/kg cultivars at different N application levels
N FNUE kg /kg
31.0 kg/kg 7 Elio
Variety
N : Moderate N level High N level
4007 7 Elio 4007 55.5a 31.0 a
7 Wuyunjing 7 37.6 b 19.6 b
N 42.2% o 29.9 b 20.5
3 N Average 41.0 23.7
N N LSD 5% n=3
Means followed by different letters on the same column indicate
= significant difference at 5% level by LSD test
-0.305 -0.248 N
r=0.944"" r=0.763" 6
2.3 N N
N NH;-N  NO; -N N NH; -
N NO; -N 5 NH,/-N 0.88 0.94mg/kg
13.5 mg/kg  NO; -N 1.61 1.73mg/kg  2.33 mg/kg 4 N
N NH, -N NO; -N 15.8 mg/kg 4
N NH;-N  NO;-N
NO; -N p <0.01
NH, -N »<0.01 N N NH;-N NO; -N
NH, -N r=0.711"" 0.675"
0.816"" NO; -N r=0.808"" 0.788"" 6
2.4 N
N 5 Elio 4007 7 N
4007 4.01% 21.1%
7 0.89% 12.4% Elio
1 5 N 4007 >
7 >Elio 2.18 ug/ ke b 7.76 pg/ ke h 4007 7 Elio
N 6.94 5.46 2.42ug/ ke h 1
r=0.799"" 0.877"" 0.934""
N r=0.735"
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NH; -N r=0.298 r=0.898"" 0.834"
6 NH, -N

4 N NH;-N NO; -N

Table 4 Comparison of NH; -N and NO; -N in rice growing rhizosphere soil for different rice cultivars at different N application levels

NH,' -N NO; -N NH, -N + NO; -N NH,' -N/NO; -N
Variety mg/kg mg/ kg mg/kg mg/ kg

4007 0.64 b 1.94 a 2.59b 0.33 ¢
Zero N level 7 Wuyunjing 7 1.42 a 1.76 a 3.19 a 0.81 a
Elio 0.56 b 1.12 b 1.68 ¢ 0.50 b

Average 0.88 1.61 2.48 0.55
4007 1.09 a 1.77 a 2.86 a 0.62 a
7 Wuyunjing 7 0.97 ab 1.90 a 2.87 a 0.51 a
Moderate N level  Elio 0.75b 1.52b 2.27 b 0.50 a

Average 0.94 1.73 2.67 0.54
4007 15.3 a 2.70 a 18.0 a 5.69 a
7 Wuyunjing 7 12.9 b 2.34 ab 15.3 b 5.54 a
High N level Elio 12.3 b 1.96 b 14.2 b 6.29 a

Average 13.5 2.33 15.8 5.84

LSD 5% n=3 Means followed by different letters on the same column indicate significant difference at
5% level by LSD test
5 N N N F

Table 5 F-ratios and their significance levels with repeated measures for grain yield total N accumulation fertilizer-N use efficiency NH, -N
NOj -N nitrification potential and AOB abundance for three rice cultivars 4007 Wuyunjing 7 and Elio and three N fertilizer application levels

0 180 and 300 kg N/hm?

X
ftem Variety N appli]:ation level Variety x N app]ljcalion level
Grain yield 61.776 " 125.604 ** 3.067
N Total N accumulation 0.58™ 58.968 ** 0.278"
N FNUE 16.181** 39.226 ** 2.512M
NH, -N 29.431** 4693. 887 ** 26.593 **
NO; -N 41.729 ** 62.563 " 4,134 "
Nitrification potential 149.439 ** 4.34* 1.071M
AOB AOB abundance 3592.979 ** 13.877 " 24.617 *
NS S 5% 1% F NS not significant # and % # significant at P <0.05
and 0.01 respectively Data are F-ratios
2.5 N
AOB N 5 N
4007 N 7 > > Elio
2 AOB
5 7 4007 Elio
4007 > 7  >Elio 4007 AOB 2.02 x
10° /g Elio AOB 1.89x10° /g 2 N
Elio AOB 4007 7 AOB
AOB NH, -N
6 NH, -N
AOB NH, -N
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Table 6 Correlation matrix among fertilizer-N use efficiency grain yield NH, -N NO; -N nitrification potential and AOB abundance for

three rice cultivars 4007 Wuyunjing 7 and Elio and three N fertilizer application levels 0 180 and 300 kg N/hm’

AOB
Item L. Nitrification AOB NH, -N NO; -N
Grain yield R
potential abundance
Grain yield 1 0.799 ** 0.820 " 0.711* 0.808 **
Zero N level Nitrification potential 0.974 " 0.298N8 0.967 **
v
AOB AOB abundance 0.380™ 0.954 **
N FNUE 0.944**  0.735* 0.621% 0.545™ 0.384"
Grain yield 0.877 ** 0.839 ** 0.675* 0.619™
ModerateN level Nitrification potential 0.929 ** 0.898 ** 0.654"
AOB AOB abundance 0.792*" 0.823*"
N FNUE 0.763* 0. 649" 0.586"° 0.829 ** 0.649 NS
Grain yield 0.934 ** 0.962 ** 0.816 ** 0.788 **
High N level Nitrification potential 0.962 " 0.834 " 0.855""
AOB AOB abundance 0.764 * 0.830*"
NS ® 0k ok 5% 1% r NS not significant * and * % significant
at P <0.05 and 0.01 respectively. Data are correlation coefficients r-values
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Fig. 2 AOB abundance in rice growing rhizosphere soil for different

1 Nitrification potential in rice growing rhizosphere soil for

rice cultivars at different N application levels

different rice cultivars at different N application levels
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