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Effects of long—term application of organic acids and fertilizers on the soil phosphorus pool in cotton field of
the arid oasis of Xinjiang, China

CHEN Yugin', LI Zhongting', HU Jie', PENG Yi', FENG Gu’, SHENG Jiandong'

(1. School of Resources and Environment, Xinjiang Agricultural University, Urumqi 830052, China; 2. School of Resources and
Environment, China Agricultural University, Beijing 100193, China)

Abstract: This study investigates the effects of long—term application of organic acids and organic fertilizers on the activation of the soil
stable phosphorus pool, phosphorus utilization efficiency, and high cotton yield. We selected a five—year field experiment using an
integrated water and fertilizer cotton planting system. The experiment included treatments of inorganic fertilizer (NPK), organic acid
application (NPKA ), and organic fertilizer application (NPKM) using cow manure and acetic acid. By measuring cotton yield, soil
physicochemical properties, and phosphorus components under different treatments, we analyzed the impact of organic acids and organic
fertilizers on phosphorus effectiveness. The results showed that continuous application of organic acids and organic fertilizers for five years
increased cotton yield by an average of 4.0% and 9.5%, respectively. Compared with the NPK treatment, the NPKA treatment significantly
reduced soil pH by 0.2 to 0.4 unit, while significantly increasing soil available phosphorus and water—soluble phosphorus by 3.8% to 23.6%
and 29.1% to 66.8%, respectively. The NPKM treatment significantly lowered soil pH by 0.2 to 0.5 unit and significantly increased soil
available phosphorus, water—soluble phosphorus, and organic matter content by 14.1% to 49.0%, 75.6% to 115.2%, and 23.5% to 40.3%,

respectively. In terms of soil inorganic phosphorus, the NPKA treatment significantly increased the ratio of Ca,—P (dicalcium phosphate)
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and Al-P (aluminum phosphate) while significantly decreasing the ratio of Caj—P (dicalcium phosphate). The NPKM treatment
significantly increased the ratios of Ca,—P, Cas—P (octacalcium phosphate ), and Al-P while significantly decreasing the ratio of Caj—P.
Regarding soil organic phosphorus, the NPKA treatment showed an increasing trend in LOP (labile organic phosphorus) and MLOP
(moderately labile organic phosphorus ), significantly increasing MROP (moderately stable organic phosphorus) and HROP (highly stable
organic phosphorus). The NPKM treatment significantly increased LOP, MLOP, MROP, and HROP. Correlation analysis indicated that soil
pH was significantly negatively correlated with Ca,—P, Al-P, and LOP, and significantly positively correlated with Ca»—P and HROP.
Organic matter was significantly negatively correlated with Ca; c—P and HROP, and significantly positively correlated with Ca,—P, Cas—P,
Al-P, and LOP, indicating that organic matter effectively activated the soil stable phosphorus pool. In summary, the long—term application

of organic acids and organic fertilizers in the arid region of Xinjiang can activate the soil stable phosphorus pool, improve phosphorus

utilization efficiency, and achieve high crop yields.

Keywords: cotton field; organic acid; organic fertilizer; phosphorus activation regulation; phosphorus component
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Table 1 Carbon, nitrogen, phosphorus, and potassium content of

organic acids and organic fertilizers (%)

1k Materia C N P,0;s [ 0]
HHLER 40.00 0.00 0.00 0.00
HLE 43.85 2.55 0.20 0.14
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Figure 1 Cotton yield under different fertilization treatments
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Figure 2 Soil pH, organic matter,olsen—P, and water soluble=P contents under different fertilization treatments
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Table 2 Long—term fertilization—induced annual phosphorus balance
0y Ab 3 B FERRBE R i PR R
Year  Treatment Input/(kg-hm™) Cotton P uptake/(kg+hm™) Aboveground P uptake/(kg+-hm™) P surplus/(kg-hm™)
2018 NPK 49.68 28.16+0.97h 39.43+1.04b 21.52+0.97b
NPKA 49.58 29.40+0.27h 40.34+0.32b 20.18+0.27b
NPKM 64.11 33.74+0.64a 45.49+0.83a 30.37+0.64a
2019 NPK 51.36 26.81+0.49h 36.69+0.59h 24.55+0.49h
NPKA 51.36 28.04+0.51b 38.08+0.57h 23.32+0.51b
NPKM 65.68 33.79+0.73a 46.77+0.95a 31.89+0.73a
2020 NPK 50.89 28.42+0.27¢ 36.30+0.53¢ 22.46+0.27b
NPKA 51.01 30.87+0.75b 39.97+1.18b 20.15+0.75¢
NPKM 66.28 39.05+0.93a 49.43+1.09a 27.23+0.93a
2021 NPK 51.02 25.59+0.66¢ 35.99+1.12¢ 25.43+0.66b
NPKA 52.04 30.56+0.18h 38.84+0.57b 21.48+0.18¢
NPKM 67.64 36.91+0.55a 48.09+0.95a 30.73+0.55a
2022 NPK 50.64 28.12+0.36b 37.59+0.62b 22.52+0.36b
NPKA 51.40 28.34+0.86h 40.20x1.11b 23.07+0.86h
NPKM 67.55 33.18+0.86a 48.34x1.22a 34.36+0.86a
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0.05) , B 2B ELARIG I, AL A LR B ARWES R BT 11 mg-kg ' F17 mg-kg .
TR AR AR 5 -3 B IR 0k 5 R AR ] 5 2.4 Xt BRI
3 2 I AH 56 (P<0.05) , 34 B 22 100 kg - hm™ A HLER FIA HLAE A 3G - S0 12 1 52 i A [+] (&)
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Table 3 Various forms of phosphorus in soil under long—term application of organic acids and organic fertilizers (%)
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Figure 5 Correlation analysis between soil physicochemical
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