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Effects of phosphorus addition on soil colloidal phosphorus content in a paddy

soil profile
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Abstract: Phosphorus (P) fertilization must be conducted with a clear understanding of P forms and their distribution in
the soil profile. Excessive application of P fertilizers could eventually cause P accumulation, especially in the topsoil. P loss
from a nutrient-enriched agricultural field can lead to eutrophication of water bodies, which has been a recent global
concern. Traditionally, the P obtained after filtering a soil solution by using a 0.45-pum microporous membrane is defined as
“particulate” or “dissolved” P species. Compared to the immobile soil matrix, colloidal particles (size, typically, between
I nm and 1 pm) have larger surfaces and stronger sorption capacities. Colloid-facilitated P transport in agricultural soils has
received much attention in recent decades because the binding of P species to colloidal particles can largely enhance its
mobility. Therefore, colloidal P is an important contributor of P according to soil particle size fractionation, and it plays a
significant role in the distribution, transformation, and variation of P in the soil environment. However, to date, few studies
have shown the changes in soil colloidal P under long-term P fertilization. This study was based on long-term field
experiments conducted in Hangjiahu Plain. We measured the changes of soil colloidal P contents and analyzed its
distribution characteristics in a paddy soil profile, under different fertilization managements. Four P fertilizer treatments

were applied: no fertilizer control (CK) , low P fertilizer (P1, 26 kg P ha™') , high P fertilizer (P2, 39 kg P ha™"), and
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manure treatment (M, 26 kg P ha™'). Soil samples were collected after oilseed rape and rice harvests, and the soil profiles
were divided into four layers, 0—5, 5—30, 30—60, and 60—100 cm. Soil total P concentration, mass of soil colloidal
particles, and colloidal and truly dissolved P in water extraction were determined. Soil colloidal and truly dissolved P were
determined using extraction with water, centrifugation, and ultra-centrifugation at 300,000 Xg for 2 h to remove the
colloids; P concentrations were determined using spectrophotometry based on binding with molybdenum and antimony. The
mass of soil colloidal particles and colloidal P was calculated as the difference between non-ultracentrifuged and
ultracentrifuged samples. Our results showed that colloidal P occupied at least 85% of the P in a soil colloidal solution and
0.1%—2% of the total P in the soil. P fertilization increased soil colloidal P concentration in all treatments, especially in
the 0—35 c¢m layer in the M treatment, in which colloidal P was 8.0 mg/kg. Furthermore, soil colloidal P decreased with
soil depth, except in the 0—5 c¢cm and 5—30 cm layers after rice harvest. Colloidal P decreased significantly in these two
layers after rice harvest, which might have resulted from the anoxic conditions during the flooded period of rice production.
At 0—5 cm depth, soil colloidal P after rice harvest was 90% lower than that after oilseed rape harvest; the reduction was
less for the manure treatment. In general, compared to inorganic P fertilizer treatments, manure treatment had a more
significant influence on soil colloidal P content. Colloidal P increased from 5.9% to 18.3% in the 30—60 cm layer after rice
harvest compared to that after oilseed rape harvest, mainly because of the vertical transport of colloidal P. Our results
provide scientific evidence for the existing P forms within the soil profile and the transformation characteristics of P. Our

study also offers guidance for evaluating the environmental risk of varying levels of colloidal P.

Key Words: phosphorus addition; soil profile; colloidal phosphorus
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Table 1 Properties of pig manure used in the study

KR AL

s e I BT R T BR O BER maR
(7;[ pH t ) i i ' Cation exchange capacity Total P Total N Fe Al
ategory conten matter
/ (emol/k /(g/k /(g/k /(g/k /(g/kg
o /(&/ke) (emol/kg) (g/kg) (g/'kg) (g/'kg) (gkg)
$3% Pig manure  8.3x0.2 63+2.5 695.3+45.7 42.01+£6.40 10.7£0.17  36.7+0.37  6.78+0.12  11.57+0.27

1.4 Fduabr
FIFH Excel 2010 SPSS 18.0 #K A4 X g AT 50 i HE R, Irfs B 2 25 Y5 0L 3 Wi = AEMPHE SRR,
20 F VMR LSD B, B MEAKFE N « = 0.05,
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Fig. 1 The total P of soil profile in different fertilizer treatments, the date of (A) was May 2013 after oilseed rape harvest and the date of

(B) was November 2013 after rice harvest
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IR AR R I A B - TR EE RN, IR R R (WL 2 MR 3) , HOKRS M AT IS R A T B E Ak,
TERUCEE A HUIESE I T 0—5 cm 1 5—30 em B IR RRICR: , SHE A H AR T B &2 R
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Table 2 The mass of soil colloidal particles in different fertilizer treatments after oilseed rape harvest

+3EHI T Soil profile CK Pl M P2
0—5 cm 0.58 + 0.06b 0.63 + 0.06ab 0.72 + 0.05a 0.62 + 0.03ab
5—30 cm 1.96 + 0.21b 2.03 + 0.09ab 2.48 = 0.16a 2.19 + 0.31ab
30—60 cm 3.92 + 0.07a 4.10 + 0.44a 3.94 = 0.02a 4.15 + 0.48a
60—100 cm 5.43 + 0.13a 5.35 + 0.16a 5.40 + 0.16a 5.36 + 0.28a

[f]—47 AR R 1 R 22 5238 8 i 7K (P < 0.05)

F3 KBKEISAEHERALE T AR E (g/kg)

Table 3 The mass of soil colloidal particles in different fertilizer treatments after rice harvest

4 HEHI T Soil profile CK Pl M P2

0—5 cm 0.15  0.01a 0.14  0.04a 0.12 + 0.03a 0.11 % 0.07a
5—30 cm 0.80 + 0.07b 0.81 + 0.02b 1.05 + 0.05a 0.87 + 0.02b
30—60 cm 5.34 + 0.05ab 4.99 + 0.19b 5.67 + 0.25a 5.09 + 0.06b
60—100 cm 6.17 + 0.16a 6.03 + 0.02a 6.34 + 0.11a 6.21 + 0.21a

[R]—A47 R Rl A 3R 22 528 31 i 25 K7 (P < 0.05)

M2 2 R 3 T AT, 3 (AR O 2 ) RS B, O B VR 1 0 TS, 3 5 Zang
S0 T, TR AR A - R R B A B, B LA AL B B A 9 8 i T Bl
A ATHUI B AT U PR B JEE R K ARURCEDS 0—S em Al 5—30 em - HEE (B BC bk 1 00> 369
S KSR RO A 1 AT BLBR L) S5 B, - U R TR ARSIk . 30 em DA L HERE P
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Fig. 2 The contents of colloidal phosphorus of soil profile in different fertilizer treatments after oilseed rape harvest
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Fig. 3 The contents of colloidal phosphorus of soil profile in different fertilizer treatments after rice harvest
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