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Effects of acidification on nitrogen allocation in rice—soil system and N.O emission

ZHANG Zongxiang, LI Huawei, SHANG Wending, CAO Chuanli, SUN Mengyu, LI Xiaoxiao, DONG Zhaorong, SONG He"

(Anhui Key Laboratory of Farmland Ecological Conservation and Pollution Prevention and Control/College of Agriculture, Anhui
Agricultural University, Hefei 230036, China)

Abstract: Soil acidification is a significant factor constraining rice production in China. Severe soil acidification can lead to imbalance in
crop—soil nitrogen (N) transformation, which reduces rice yields and increases environmental risks. However, there is a lack of systematic
research related to the impact of soil acidification on N transformation, allocation, and N losses in rice—soil systems. In this study, rice—soil
systems with four soil acidity treatments were investigated : neutral (pH 7, CK), weakly acidic (pH 6, T1), moderately acidic (pH 5, T2),
and strongly acidic (pH 4, T3). Differences in rice yield, N accumulation, N metabolic enzyme activities, N use efficiency, N balance, and
nitrous oxide (N,O) emissions were compared. With increasing soil acidity, N accumulation, utilization efficiency, and yield of rice plants
displayed trends of increase followed by decrease. Correlation analysis indicated that N accumulation at the jointing stage was significantly

positively correlated with the activities of nitrate reductase (NR), glutamine synthetase (GS), glutamate synthetase (GOGAT), and
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glutamate dehydrogenase (GDH) in leaves, as well as GS and GOGAT activities in stems. Similarly, N accumulation at the flowering stage

was significantly positively correlated with NR, GS, GOGAT, and GDH activities in panicles compared to the CK treatment. N,O
cumulative emissions in the T1, T2, and T3 treatment groups were reduced by 20.3%, 58.0%, and 76.7%, respectively. The N,O emissions
per unit yield exhibited a decreasing trend followed by an increase. N balance analysis showed that, compared with CK, the apparent loss of
N in the T2 and T3 treatments was reduced by 15.8% and 21.1%, respectively; rice N uptake was reduced by 1.5% and 15.3%,
respectively; soil inorganic N residue was increased by 41.2% and 88.2%, and the N surplus rate was increased by 2.2 and 7.1 percentage
points, respectively. When soil acidification develops to moderately and strongly acidity levels, it could reduce N accumulation, utilization
efficiency, and yield by inhibiting N metabolism processes in the stem and leaves at the nodulation stage, and in the panicles at the
flowering stage, respectively. Soil acidification reduced cumulative N>O emissions and N,O emission per unit yield. In addition, moderately

and strongly acidity level soils raised environmental risks by reducing rice N uptake and increasing pre—planting soil inorganic N content,

leading to higher soil inorganic N residue and N surplus rates.

Keywords: soil acidification; rice; N use efficiency; yield; N,O; soil N balance
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Table 1 Effects of soil acidification on rice yield and yield component factors

k5 iR s R L TR ik
Treatment Yield/(g+pot™) Panicle Spike Grain filling rate/% 1000~grain weight/g
CK 72.78+2.59b 31.33+2.52a 144.33+12.10a 75.90+4.95a 21.32+0.41a
T1 84.72+5.53a 33.67+1.53a 155.00+13.45a 75.32+3.19a 21.61+0.57a
T2 69.06+5.41b 33.00+2.65a 148.33+10.69a 68.08+4.44b 20.79+0.26a
T3 52.09+3.75¢ 30.33+2.52a 143.00+16.64a 66.30+1.91b 18.29+2.01b
Y IR RN R 2R A BRI 2 5% 5.2 (P<0.05) . Tl
Note: Different lowercase letters in the same column indicate significant differences between treatments (P<0.05). The same below.
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Table 2 Effects of soil acidification on N use efficiency of rice

b F FULFIHR R RERPRA 7 ReR

Treatment REN% NHI% NUEg/(g-¢g™")
CK 28.67+2.17a  66.07+4.17ab 55.79+1.19h
T1 312120.57a  70.07+2.98a 60.08+0.85a
T2 22.68+1.68b  61.75+5.02b 53.67+3.50bc
T3 20.05+0.57¢ 53.15+3.80c 47.10+3.46¢

Jointing stage ~ Flowering stage ~ Maturity stage

B TEBASKBERERRRENZIT
Figure 1 Effects of soil acidification on nitrogen

accumulation in rice plants
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Figure 2 Effects of soil acidification on enzyme activity of nitrogen metabolism in rice at the jointing stage
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Figure 4 Effects of soil acidification on N>O flux
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Figure 6 Effects of soil acidification on inorganic N content
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Figure 7 Effects of soil acidification on inorganic N residues
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