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Effects of long—term fertilization on phosphorus distribution in soil aggregates of different depths in paddy
fields

LIU Kailou"?, DU Jiangxue’, WU Lei’, ZHANG Wenju’, HAN Tianfu’, LI Wenjun"?, SHI Linlin*, YU Xichu"

(1.Jiangxi Institute of Red Soil/National Engineering and Technology Research Center for Red Soil Improvement, Nanchang 330046,
China; 2.Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
3. College of Resources and Environment and Tourism, Hunan University of Arts and Science, Changde 415000, China; 4. Suzhou
Academy of Agricultural Sciences, Suzhou 215007, China)

Abstract: Long—term phosphate (P) fertilizer application significantly increases P accumulation in bulk soil and aggregate components of
the cultivated layer. However, the response of P distribution in aggregate to long—term P fertilization for deep soil is unclear, which is an

important indicator for judging whether P migrates to groundwater. The long—term experiment (since 1981) was conducted on paddy fields
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from red soil, which included nitrogen and potassium fertilizer (NK), nitrogen, P, and potassium fertilizer (NPK ), and NPK combined with
organic fertilizer(NPKM). In 2020( After 40 years of long—term fertilization), soil samples from 0 to 20 ¢cm, 20~40 cm, and 40~60 cm were
collected, the total and available P content of bulk soil and each aggregate component was determined, and the relationships among
fertilization, aggregate distribution, and aggregate P content were discussed. All treatments showed that the proportion of aggregates >2 mm
gradually decreased with increasing soil depth. The application of P fertilizer treatment significantly increased the available P content in
bulk soil and each aggregate component of 0~20 ¢cm and 20~40 c¢m, compared with that of the no phosphate fertilizer treatment, with the
highest increase observed in the NPKM treatment. The total P content in all aggregates of 0~20 ¢cm, 20~40 c¢m, and 40~60 cm under NPKM
treatment was increased by 2.14~2.60, 1.39~2.80 times, and 27.03%~180%, respectively, compared with that of NK treatment. Meanwhile,
the available P content was increased by 12.95~18.29, 7.57~12.31 times, and 70.67%~709%, respectively. It also indicated that the growth
rate of total P and available P content in the NPKM treatment showed a gradual increase with an increase in aggregate size. The P uptake of
rice showed that the NPKM treatment had the highest rate, followed by the NPK treatment, while the NK treatment had the lowest rate. In—
depth analysis revealed that the total and available P content in aggregates was mainly affected by the P surplus. Meanwhile, the available P
content in the aggregates was also directly controlled by the total P content. Therefore, in paddy fields of red soil, long—term combined
application of organic and inorganic fertilizers for 40 years significantly affected P distribution in surface and deep soil aggregates, and the

response of the available P content was sensitive in large ageregates. The P distribution of soil aggregates could be significantly affected by

regulating the P surplus.

Keywords: paddy soil; aggregate; available phosphorus; organic fertilizer; combined application; soil depth
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Table 1 Total and available phosphorus contents in bulk soil at different depths under long—term fertilization of 40 years

Kb S Total phosphorus/(g-kg™) A9 30 Available phosphorus/(mg-kg™)
Treatment 0~20 ¢cm 20~40 cm 40~60 ¢cm 0~20 ¢m 20~40 cm 40~60 cm
NK 0.34+0.11c 0.40+0.08c 0.23+0.07a 2.80+0.35¢ 1.80+0.48¢ 2.68+0.26b
NPK 0.63+0.15b 0.65+0.06b 0.24+0.03a 7.76+0.84b 9.90+1.03b 2.99+0.37h
NPKM 1.34+0.22a 0.89+0.03a 0.25+0.06a 63.31+3.25a 58.41+2.44a 4.94+0.74a
T AR ING TR R A 3R 22 5 2 (P<0.05) . Rl
Note: Different lowercase letters indicate significant differences among treatments at P<0.05 level. The same below.
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Kb PR Treatment 0~20 cm 20~40 cm 40~60 cm
4.54~F 43 25,0.053~0.25 mm PR AR 5 A 43 b4y NK 1.88+0.17h 1.36+0.04a 0.97+0.30a
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Jﬂfﬁl\ ,NPKM AL"IET<0.053 mm lﬂ%ﬁﬁrﬁ%ﬁﬁtmﬁ Hﬁ NPKM 2.40+0.12a 1.58+0.23a 0.80+0.25a
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Different lowercase letters indicate significant differences among different treatments at P<0.05 level for the same aggregate. The same below
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Figure 1 The mass proportion of aggregates at different soil depths under long—term fertilization of 40 years
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Figure 2 Total phosphorus content of aggregates at different soil

depths under long—term fertilization of 40 years
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Figure 3 Available phosphorus content of aggregates at different

soil depths under long—term fertilization of 40 years
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Table 3 Phosphorus uptake and surplus of rice under long—term fertilization of 40 years(kg+hm™)

T e S \
OB AF LI W Tl AT IR . BERAA
. Phosphorus uptake of grain
Treatment Phosphorus uptake of grain Phosphorus uptake of straw Phosphorus surplus
and straw

NK 7.67+0.67¢ 1.83+0.16¢ 9.50+0.83¢ -9.50+1.22¢
NPK 13.62+1.55b 3.04+0.35b 16.66+1.89b 2.99+3.05b
NPKM 18.19+0.60a 3.70+0.13a 21.89+0.72a 75.65+11.76a

FINPKM &b #4528 21 4%, H NPKM Ab PR 1
A i R T NPK AR,
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it B /N 3 BRARAR IR g 45 51 (18] 4) 7R, it A S
B A R AR E o B R A AR E AR
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ERCW TSR T RN R R VER . [FIEE, BT
P SR AR S 1 ot it A i el 45 P SR AR B o i 1 40 b
VAR, AW 8 AL DE A7 e /D T B AR B A iE B
I R A B A BR TR R AR, RIS
Tl 7 it 2 A7 A SR AT o 1 4 L RN R L AR I R )
(AR RECH 0.51 F10.33) , 1 A AR 850l 5 w0 52
Jite B 2 2 A L A SR AR 3 R A R A R
I 2 E R Gl 42 R B0 5 0.45.0.65.0.19 F
0.46) . [AIF, St AR A Eb , P SR 1A Rl A A5l o5 1

PR (A5 4 7 2 L

S W R A B R e v (3l A & K i O 0.33
0.65) LAk, IR M4 S il 5 i ] L e ) 4 A 2R
WA &2 A GEAR RECH 0.46)

3 e

30 0 FERKBEENEHREEEMIEBHAR L
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TELTIERG H 35 22 40 4F B B NE 8 AL T2 0~
20 em 3RS O B W H i8S T 20~
40 em - 38 T R B R RO T . FEAS R i A Ak B
o A HLICHUIE FCE T 3 SV A S50 5 1 0 1
R XS HT A4S 57—, HAPLIGHLIE
e i 33— 2 5 B 40~60 em - 3 A R o R B
o T E SR BFIE 3R B, K Bt B IE S SR )
i X R H R TCHLE 9 R S VR B AT 3K 25 em, HATHL
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Tt AE
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Phosphorus surplus
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The solid lines indicate direct effects. The line thickness indicates the strength of the effects of variables on each other. The attached values of different

indexes indicate path coefficients
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Figure 4 The complex interrelationships between fertilization , mass proportion of soil aggregate and phosphorus contents in aggregate
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