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Analysis of phosphorus fraction characteristics and influencing

factors in typical selenium-rich agricultural soils in China
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Abstract: Soil selenium bioavailability is significantly influenced by phosphorus (P) fractions, yet the regional varia-
bility of P components and their key driving factors in Se-rich agricultural soils remain poorly understood. In this
study, 36 farmland soil samples were collected from nine representative selenium-rich regions across China, covering
both upland and paddy fields. Seven P fractions were determined using the Hedley sequential extraction method, in-
cluding ammonium chloride—extractable P (AP), sodium bicarbonate—extractable P (BP), sodium hydroxide—soluble P
(NIP), apatite—type P (HP), intra—aggregate P (NIIP), organic P (OP), and residual P (ResP). Soil physicochemical
properties were analyzed, and redundancy analysis (RDA) was applied to identify the major environmental controls.
The results showed that P pool structure differed markedly among regions. Northern weakly alkaline soils (e.g., Nan-
tong, NT) were characterized by higher proportions of BP, whereas acidic southern soils were dominated by NIP and
OP, indicating strong stabilization of P by Fe/Al oxides and soil organic matter. Several fractions reached peak levels
in Bama upland soils in Guangxi. RDA revealed soil pH, available Fe (AFe), NH,*—N, and total nitrogen (TN) as the

primary drivers, with the first two axes explaining 57.1% of total variance. Soil pH was positively correlated with AP
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and negatively associated with NIP and HP. This study provides a scientific basis for understanding phosphorus—sele-

nium coupling processes and for region—specific nutrient management in selenium-rich farmlands.
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Tab. 1 The basic physical and chemical properties of typical selenium-rich soils in China

FEfh EC/ SOM/ NOy-N/ NH,-N/ Doc/ TC/ TN/ AFe/ TSe/

Eais i (pS-em™) % (mgkg”)  (mgrkg!) (mg-kg!) % % (mg-kg)  (mgekg)
YCPS  4.67+0.02" 93.3+2.8¢ 2.84+0.00'  10.23+0.99"  27.80+1.77¢ 61.35+8.90° 1.56£0.03¢  0.15£0.01¢  109.18+3.37*  1.00+0.02°
YCDS  4.66+0.10" 55.0£2.3 1.79+0.04# 6.34+2.84°"  30.02:+0.94" 61.03x14.28°  0.97+0.03°  0.10£0.00 9.28+¢0.49"  0.85+0.20°
YEDS  5.2120.07¢ 00.7£2.0 371£0.09°  12.33£3.64"  30.50£2.10d°  178.92+21.91°  2.12+0.02°  0.27+0.00" 94.46+1.80"  1.28+0.03
ESDS  5.82+0.07 86.38.0¢ 3.0620.05 6.42+0.89°  14.80+2.71' 103.735.82¢ 1.80+0.02°  0.2120.00" 2875041 321096
BMPS  6.08+0.03° 86.142.4" 262:0.04° 10494205 6.71x0.12" 96.72+10.60  1.52+0.02¢  0.20+0.00° 26.62+0.93°  0.72+0.03'
BMDS  5.85+0.19' 1343427 2.69+0.06°  13.98£3.60°  7.12+2.09# 84.55+5.93 1.63+0.03"  0.23+0.01° 17.02+0.43¢  0.83+0.03
CMPS  5.88+0.10' 69.8+1.1' 2.22+0.05' 597+0.59"  93.83+6.47° 111.4245.97° 1.23+0.02"  0.12+0.01" 51.30+1.88°  1.21£0.13
CMDS  5.84+0.03' 158.9+6.9° 272013 18.11£2.97*  71.48+8.02" 34.62+3.47 1.65+0.03"  0.17+0.00' 10.86:0.59"  1.0820.11°
SHZDS ~ 6.79+0.05° 2 429.0+48.3* 5.120.13*  10.25£1.96"  8.87+0.98 132.32+8.70°  3.08£0.11"  0.30+0.02¢ 19.02:0.82"  2.54+0.14*
NTPDS  7.90+0.18 388.7+22.(r 1.780.07¢ 1.32+0.14° 55.03+4.93° 149.06£10.32"  1.67+0.00°  0.1240.01" 20.04+0.81"  0.7620.10°
HDDS  8.22+0.05" 186.0+6.2 1.110.02" 6.26x1.03'  27.80+1.00° 79.5245.00" 2.050.04°  0.08+0.00 222«1.10  0.76+0.03
SDDS  851x0.01°  1000.6£30.6" 2.710.12 0.70£0.04"  50.72+1.60° 139.17£7.86°  3.40+0.12*  0.15£0.01* 3.05£0.18  0.90+0.03
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Tab. 2 The phosphorus fractions of Chinese typical selenium-rich soils (mg-kg™)
B it 2 B AP BP NIP HP NIIP oP ResP TP

YCPS 0.9+0.4% 64.9+1.2%  126.6£18.1*  63.5+5.8" 24.4+0.8' 25.2+4.5¢ 24.5+3.7°  330.0£20.7¢
YCDS 0.8+0.2¢ 18.7+£0.5¢  100.6£14.1¢  10.0+0.6" 69.0+4.2° 85.8+9.7° 64.9+7.9"  349.7+25.8°
YFDS 1.8+0.8% 62.0+1.7° 125.0+4.9¢ 70.0+10.3*  41.5+0.3¢ 66.5+15.9° 224425 389.1+25.1°
ESDS 1.6£0.4"  127.1x15.1"  154.4x£8.24*  41.9+4.5"  189.7£10.9° 246.5+25.6"  62.0£7.7"  823.3x15.8"
BMPS 1.320.1° 68.7£4.31  144.5+10.9°  32.1+3.8°  238.0£12.6" 245.4+21.9"  84.3x14.9" 814.3+60.1"
BMDS 16.6+4.6° 153.4£59*  148.5+25.2"  66.8+6.9°  267.1x18.1* 241.8+7.1" 82.0+£5.0°  976.3+33.2*
CMPS 0.920.2% 35.2£0.4 138.8£3.3" 35.4+0.9° 129.9+12.1¢ 247.0+2.1 74.2+10.8%  661.6+8.3°
CMDS 5.8+0.0° 15.5£0.9" 55.8+2.6° 3.2+1.6° 70.3£9.47  342.6£364°  61.6+7.3"  549.8+36.7"
SHZDS 4.5+0.7 83.3£2.9° 111.3£4.7¢ 11.7£1.3¢ 37.2£1.8" 27.6£7.6* 31.3+4.8"  306.9£10.9'
NTPDS 3.5+0.2° 64.8+4.1% 41.7+8.6° 12.8£2.7° 48.6+10.3"  34.4+6.9! 32.9+£34%  238.5+8.5"
HDDS 7.9£0.7" 65.4+2.9% 30.1£5.3" 12.3£1.6" 48.6+3.2 44.9+13.57  39.6£8.6°  248.7+12.5"
SDDS 20.0+0.8" 85.5+5.1¢ 23.8£2.6 10.7+1.4¢ 57.4£3.5" 43.1x11.2°  40.3£3.1°  280.8+15.9¢
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Tab. 3 The Pearson correlation between soil phosphorus fractions and physicochemical properties
L& pH EC SOM  NO;=N  NH/-N DOC TC N AFe TSe
AP 0.56" 0.25 -0.04 -0.20 -0.10 0.18 0.57" 0.02 -0.41" -0.21
BP 0.17 0.14 0.26 -0.04 -0.58" 0.24 0.31 0.45™ -0.07 0.34°
NIP -0.71" -0.18 0.39° 0.34° -0.43" -0.03 -0.39" 0.49™ 047" 0.36"
HP -0.53" -0.37" 0.22 0.31 -0.33" 0.18 -0.22 0.40" 0.74" 0.05
NIIP -0.18 -0.32 -0.06 0.22 -0.36 -0.15 -0.32 0.21 -0.21 0.06
opP -0.31 -041" -0.07 0.50" 0.13 -0.42" -0.43" 0.09 -0.19 0.11
ResP -0.22 -0.36 -0.26 0.20 -0.02 -0.40" -0.48" -0.10 -0.39" -0.27

RN P<0.01;" F2R P<0.05,
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Fig. 2 The redundancy analysis (RDA) ordination plots for
the first two dimensions of RDA of the relationship between

soil phosphorus fractions and environmental factors
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