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Gradient phosphorus application affects soil chemical properties and cotton yield and composition

HUANG Wei'?, WANG Xihe', JIA Hongtao’, YANG Jinyu', QU Xiaohui', LIU Yingrui', LIU Xiaoju'

(1.Institute of Soil Fertilizer and Agricultural Water—Saving, Xinjiang Academy of Agricultural Sciences/National Gray Desert Soil Fertility
and Fertilizer Benefit Monitoring Station/National Soil Quality Observation and Experiment Station in Xincheng District, Urumqi 830091,
China; 2. Xinjiang Key Laboratory of Soil and Plant Ecological Processes, College of Resources and Environment, Xinjiang Agricultural
University, Urumqi 830052, China)

Abstract: The effects of different P levels on soil chemical properties and cotton yield and composition were explored in gray desert soil
cotton fields in northern Xinjiang to provide practical guidance for determining the best P application amount and understand the current
fertility of the cotton fields and cotton production. In this experiment, the P fertility succession characteristics of cotton soil at the “National
Gray Desert Soil Fertility and Fertilizer Benefit Monitoring Station” over 5 years was used as the research object. Soil chemical properties,
P availability characteristics, and cotton yield and composition were analyzed under conditions of no fertilization, no P application,
conventional P application at 100%, P reduction of 25%, P increase of 25%, and P increase of 50%. The results showed that: With the
increase in P application, the soil nutrient content was improved. The increases in available N, P, and K ranged from 3.0% to 16.10%,
29.20% to 111.77%, and 70.10% to 72.10%, respectively. Compared with the initial period of fertilization, the annual maximum increases
of available nutrients were 2.12, 1.53, and 22.85 mg - kg™, respectively. Total N, P, and K increased by 21.10%—-35.10%, 1.60%—54.0%
and 9.30%-10.90%, respectively. Compared with the initial period of fertilization, the annual maximum increase of total nutrient content
was 0.03, 0.06, and 0.41 g- kg™, respectively. With the application of 150 kg+hm™ P, the soil available P content and P activation capacity
were the highest, and the P activation coefficient reached 2.13%, which effectively promoted the conversion of total P to available P. With
the increase in P application rate, soil organic matter and organic C levels increased significantly when P application was 150 kg+hm™, with
an increase rate of 11.86% to 36.50%, and the average annual growth rate of organic matter was approximately 0.33 g-kg™". Owing to the
natural characteristics of calcareous soil and climatic conditions in northern Xinjiang, combined with the ratio of C, N, and P, soil organic
matter was deficient. Soil pH and total salt decreased and increased in the range of 7.91-8.05 and 1.55-1.85 g-kg™', respectively, but the
effects were not significant. Applying 150 kg+hm™ P for 5 consecutive years can ensure the nutrient requirements of cotton plants during
the entire growth period, deliver savings in the amount of P fertilizer used, and has the best effect on increasing cotton production. The seed
cotton yield reached 4 658 kg+hm™ and production was significantly increased by 16.83%, 15.01%, and 11.63% compared with that at no
fertilizer, no P application, and conventional fertilizer with 100% P, respectively. Based on soil nutrients, fertilizer input, and cotton yield,
applying 150 kg-hm™ P to cotton field of gray desert soil in northern Xinjiang is feasible.

Keywords : cotton; phosphorus gradient; soil chemical property; carbon , nitrogen and phosphorus ratio; yield
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Table 1 Design of long—term fertilization experiment with phosphorus gradient
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Table 2 Effects of different phosphorus application rates on soil

available nutrients(mg-kg™")

A3 HAA R A
Soil available Soil available Soil available
Treatment . i
nitrogen phosphorus potassium

T1 54.40+0.79¢ 9.60+1.07d 146.50+1.73b
T2 56.95+0.90b 12.40+1.44c¢ 249.25+1.89a
T3 56.03+0.69b 14.05+1.34¢ 251.25+1.71a
P1 56.05+0.89b 13.88+1.47¢ 250.25+2.22a
P2 62.53+1.49a 20.33+1.76a 251.75+3.20a
P3 63.18+0.62a 16.25+1.03b 252.25+2.87a

T M PR I B bR M 22 5 RISV 5/ N E PR R R
AL PR TE 0.05 K P22 5 % . R,

Note: Values in the table are mean + standard deviation; Different
lowercase letters after the same column of numbers indicate significant
difference between treatments at 0.05 level. The same below.
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Table 3 Effects of different phosphorus application rates on total
soil nutrients(g-kg™)

b3 2R U il

Treatment  Soil total nitrogen  Soil total phosphorus Soil total potassium

T1 0.57+0.03b 0.63+0.04¢ 21.03+0.69b
T2 0.71+0.06a 0.64+0.07¢ 22.99+1.01a
T3 0.69+0.02a 0.87+0.07b 23.03+0.71a
P1 0.70+0.07a 0.82+0.08b 23.27+0.95a
P2 0.73+0.08a 0.96+0.02a 23.11+0.56a
P3 0.77+0.08a 0.97+0.04a 23.32+1.56a
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Figure 1 Effects of different phosphorus application rates on

Olsen—P content and PAC in soil
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Figure 2 Effects of different phosphorus application rates on soil
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Figure 3 Effects of different phosphorus application rates on soil
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(P<0.01), 5 C/N S 1EADC, MHOCHEAR B3, 5 C/P N/
PRI MM A RE ., 2R S LMENEE
IEA K (P<0.01), 5 C/N . C/P N/P ¥ &M 56, #H &
PEARR . &S ONEIEME MRS, 5
C/P N/P 524 {2 2 6k 2% (P<0.01) . C/N 5 C/P £ 17
A MM B35, 5 N/P S S 3 6 A 56 (P<
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Table 4 Correlation between soil carbon, nitrogen and phosphorus

content and stoichiometric ratio

Cgi;i;fjfg{g“o N p C/N C/P N/P
C 1
N 0.847#* 1
P 0.84%%  0.69%* 1
C/N 0.34 -0.23 0.31 1
C/p -0.28 -0.21 -0.75%** -0.13 1
N/P -0.39  -0.05 -0.75%* -0.60** 0.87** 1

T e IR 2253 35 (P<0.05) 2250 .35 (P<0.01) .
Note: * and ** indicated significant difference (P<0.05) and
extremely significant difference (P<0.01) , respectively.
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Table 5 Effects of different phosphorus application rates on cotton yield and its constituent factors

SR R

i , - — Fiig
Tr::l‘[ilim To;;a)ltzsn;i)ﬁrs/of :u;nclli;(;f Il))l(;::‘st/ Singfﬁiﬁ_iiighl / I‘Zﬁ;}}r {)J]lji:’;@i/ Seej%ci?t);?e]d/ Yield increase of seed cotton/%
(x10*4>+hm™?) SR ) (g5 yield% - Ckgrhm™) Gerbo™  Tori ST ST

T1 87.63+0.95¢ 4.38+0.05¢ 4.55+£0.02b  43.19+0.01b 1722.66+43.60c 3 987.92+56.33¢ — -1.55 -4.44
T2 89.00+1.22¢ 4.45+0.06¢ 4.55+£0.01b  43.31+0.01b 1754.39+45.41¢ 4 050.84+56.54¢ 1.58 — -2.93
T3 91.38+0.63b 4.57+0.03b 4.57+£0.01b  45.16+0.01a 1 884.74+38.11b 4 173.13+35.36b 4.64 3.02 —
P1 91.13+0.48b 4.56+0.02b 4.56+0.02b  45.42+0.01a 1908.90+42.24b 4 154.00+£39.55b 4.16 2.55 -0.46
P2 95.88+1.31a 4.79+0.07a 4.86+0.02a  44.12+0.01a 2 180.58+69.68a 4 658.30+84.95a  16.81 15.00 11.63
P3 97.25+1.26a 4.86+0.06a 5.88+0.02a  44.39+0.01a 2 240.71+56.82a 4 748.93+83.52a  19.08 17.23 13.80

P 1%) WHARTY
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AP . AP 0.64 071 086 0.62 -025 053 088 0.88 0.85 08
Akl @ ‘ AK 072 060 071 -031 029 058 058 0.48 0.6
TN ‘ ‘ ‘ TN | 0.69 0.88 -026 0.72 0.84 084 067 || [ 04
TP . . = ‘ TP 0.64 -026 0.57 084 084 086 || [ 02
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AN AP AK TN TP TK pH TS SOM SOC SCY 0

AN R AP SRR AK : JERCER TN : 2220 TP 22 TK: 28 TS 84k .SOM: AT HLIR .SOC : A HLRK \SCY : FFAfR ™t .
AN : available nitrogen, AP : available phosphorus, AK: available potassium, TN : total nitrogen, TP : total phosphorus,

TK: total potassium, TS :total salt, SOM: organic matter, SOC: organic carbon, SCY :seed cotton yield.
G| FOR 225 B (P<0.05) 225 3% (P<0.01).
* and ** indicated significant difference(P<0.05) and extremely significant difference (P<0.01) , respectively.
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Figure 4 Correlation between soil chemical properties and cotton yield
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