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Fig.5 Effects of different pH treatments on rice root morphology under ammonium-nitrogen and nitrate-nitrogen conditions
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Effects of Different pH on Rice Seedling Growth and Nutrient
Uptake under Ammonium and Nitrate Nutrition

Lu Chusheng'?, Lai Jiajun'?, Tang Cai'?, Liang Kaiming', Qin Yuanyu'?,
Zhong Xuhua', Pan Junfeng’, Liu Yanzhuo', Hu Xiangyu', Hu Rui’, Li Meijuan’,
Wang Xinyu', Yin Yuanhong', Ye Qunhuan', Shen Hong?, Fu Yougiang'

('Rice Research Institute, Guangdong Academy of Agricultural Sciences/Guangdong Key Laboratory of
Science and Technology in Rice/Key Laboratory of Genetics and Breeding of High Quality Rice in Southern China
(Co-Construction by Ministry and Province), Ministry of Agriculture and Rural Affairs, Guangzhou
510640, Guangdong, China; 2The College of Natural Resources and Environment,

South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract In order to investigate the influence mechanism of pH level on the growth and development of rice
and nutrient uptake under different nitrogen forms, rice cultivar Guanghui 751 was grown with five pH
treatments (pH 3.5, 4.5, 5.5, 6.5, and 7.5) to study the effects on the biomass accumulation, root morphology, and
nutrient uptake of rice under ammonium-nitrogen and nitrate-nitrogen conditions hydroponically. The results
showed that under ammonium-nitrogen conditions, the highest rice biomass accumulation was found at pH 6.5
treatment; compared with the pH 3.5 treatment, the shoot and whole-plant biomass accumulation increased by
146.6% and 142.5%, respectively. Plant height and maximum root length increased significantly; total root
length, root surface area, and root volume increased by 612.6%, 317.8%, and 147.1%, respectively. The uptake of
nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), zinc (Zn), iron (Fe),
and manganese (Mn) increased by 159.5%, 114.3%, 181.9%, 241.4%, 124.4%, 74.9%, 173.4%, 366.2%, and
3058.0%, respectively. Under nitrate-nitrogen conditions, the highest rice biomass accumulation was found at
pH=4.5 treatment; compared with the pH=3.5 treatment, the shoot, root, and whole-plant biomass accumulation
increased by 36.7%, 49.6%, and 38.6%, respectively. Plant height and maximum root length increased
significantly; total root length, root surface area, and root volume increased by 129.9%, 83.0%, and 47.5%,
respectively. The uptake of N, P, K, Ca, Mg, Cu, Zn, Fe, and Mn increased by 40.0%, 27.7%, 51.0%, 78.5%,
71.2%, 53.9%, 292.1%, 1449.5%, and 695.1%, respectively. In conclusion, the optimum pH values for rice under
ammonium-nitrogen and nitrate-nitrogen conditions were 6.5 and 4.5, respectively. Under their respective
optimum pH conditions, ammonium-nitrogen and nitrate-nitrogen primarily increased rice biomass accumulation

by promoting root growth and development and increasing nutrient uptake.

Key words Rice; Ammonium-nitrogen; Nitrate-nitrogen; Root morphology; Nutrient uptake
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