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Regulation of phosphorus fractions and release risk upon biochar application in saline paddy soil

CAO Dian—yun'?, LAN Yu'*', YANG Xu'?, HE Tian—yi'?, LIU Zun—qi'?, CHEN Wen—fu'?, CAI Dan—dan’, WEN Qiu—xiang*
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Abstract: In order to investigate the effect of biochar application on phosphorus fractions and release risk of coastal meadow saline paddy
soils, a field experiment was conducted to investigate soil P content, characteristics of P fractions, and P release risk under different biochar
application rates (CK:0 t-hm™; B1:20 t-hm™; B2:40 t-hm™). The results showed that biochar could increase the content of total P, Ol-
sen—P, total organic P, and total inorganic P in soil by 11.40%~35.70%, 28.96%~46.63%, 11.30%~29.19%, and 10.54%~25.98%, respec-
tively. Biochar increased the content of NaHCO; soluble P (Ca,—P), NH4AC soluble P (Cas—P), and NH.F soluble P (AI-P) in soil, and
there was a significant positive correlation with biochar dosage. When biochar application was 20 t-hm™, the content of NaOH-Na,COjs sol-
uble P(Fe—P) and occluded P(O-P) in soil reached the highest values. The application of biochar had no significant effect on H,SO. solu-
ble P(Cai—P). Biochar significantly increased the content of soil labile organic P(LOP) and moderately labile organic P(MLOP), but sig-
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nificantly reduced the content of moderately resistant soil organic P(MROP). When the amount of biochar was 40 t+hm™, the content of

highly resistant soil organic phosphorus (HROP) reached the lowest value. In this experiment, soil Al and Fe,) were at a high level and

the application of biochar significantly increased soil P sorption index (PSI) and increased the fixation capacity of soil P. Soil P adsorption

saturation (DPSS) was only 6.81%~8.34%, and soil environmental risk index (ERI) was 54.55%~61.67%. In conclusion, the application of

biochar can improve the P availability of salinized paddy soil, but do not increase the risk of soil P release under the conditions of this study.

Keywords: biochar; paddy soil; P fractions; P sorption index; degree of P sorption saturation; environmental risk
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Table 2 Effect of biochar on soil pH ,total P, Olsen—P, total organic P and total inorganic P

Qb 4= Total P/ A %1% Olsen—P/ S A LB Total organic P/ B JCHLES Total inorganic P/
Treatment pi mg kg™ mg kg™ mg kg™ mg kg™
CK 8.24+0.01b 661.43+9.23¢ 24.62+2.67b 240.53+7.35b 409.51+10.56b
B1 8.34+0.02a 736.86+9.74b 31.75+£2.98a 267.71+8.05b 452.68+48.73ab
B2 8.33+0.01a 897.56+23.00a 36.10+£2.09a 310.74+26.29a 515.90+38.72a

AR RVING FREROR AL 22 5 8 2 (P<0.05) . R AL,

Note: The different lowercase letters indicate significant differences among treatments. The same below.
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Figure 1 Effect of biocar on soil organic P fractions
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Table 3 Effect of biochar on soil Al , Fec. , P sorption index(PSI) ,degree of P sorption saturation(DPSS) ,
Environmental risk index(ERI)
, , " W 450 TR RS $5 %
Ak Wk AL TGk Fe P FFHEEL P sorption index PR L@*ﬂ];: . Pﬁﬁij s %E' ﬁ
Treatment Al /me- ke Fer/me-ke"! PSI/mea P (100 &)+ (;.Lm()l~ ) Degree of P sorption saturation ~ Environmental risk index
e e TS omeTEe lme & DPSS/% ERII%
CK 242.31+4.85a 479.32+29.33¢ 11.05+0.72¢ 6.81+0.47b 61.67+2.32a
B1 224.82+9.83h 582.73+15.42b 13.16+0.58b 7.87+0.77ab 59.68+3.70a
B2 205.80+8.15¢ 660.26+13.07a 15.31+0.59a 8.34+0.58a 54.55+4.55a
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Figure 2 Effect of biochar on soil inorganic P fractions
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Table 4 Effects of biochar on the pearson’s correlation
coefficients between release risk indicators of soil P

and soil P fractions

Al Fecw PSI DPSS ERI
Lop -0.56 0.61 0.56 0.53 -0.34
MLOP -0.82% 0.89%* 0.84%%* 0.58 -0.72*
MROP 0.76%* -0.86* -0.78*  -0.57 0.68*
HROP 0.54 -0.50 -0.47 -0.13 0.63
Cay—P -0.88* 0.91%* 0.94%* 0.70*%  -0.72%
Cag—P -0.88* 0.88%* 0.90%* 0.65 -0.72*
Al-p -0.90* 0.92% 0.90* 0.65 -0.73*
Fe-P 0.25 -0.20 -0.28 -0.07 0.35
O-P -0.44 0.41 0.29 0.26 -0.21
Cai—P 0.33 -0.34 -0.27 -0.08 0.39
Al 1 -0.92% -0.88 -0.57 0.80*
Feco 1 0.96* 0.74%*  -0.73*
PSI 1 0.83*  -0.67*
DPSS 1 -0.15
ERI 1

#P<0.05; *#P<0.01.

AVl & Az L TT0E S i H AR W e 8 1T A R
B8+, 2x 52 3 b R S i & A S g 9 P B8 1
BT SR | S TS5 M - 48 P R A A AR
3.2 £t TELHBA S HEm

BRERBRIR R 38 WA N 2 Th S A R, 0T HL
BB B 0 7 1A sl I, R e o KAk i £
RS A e A B B R B AN R A Y v] B A
FHOBE AR AT LR W AE A R IR . A OCHF 5T 45
W AR RS KR P-4 B AR, 140 FePO,
AIPO, FT CaPO™, R I, 24 AE W e it A - 3825 B 3 42
1 3 Ca—P  AI-P Hll Fe—P &, A BIF 5 32 I it )
TR A= W e ] LA =5 /KRS = b 5 e VR S WO R 1)
Ca,—P . Cas—P . Fe—P [ & & , B AL O-P Ml Ca—P 7%
P AR it A ) e A R T -
Ca,—P . Cas—P Fll A1-P & it s (H i 7% 1 4 40 t+ hm 1],
Wt 44 O—P Fl Cay—-P SR LW E 0, X Af
REEth FAY R B B FLBRZS &8, A Y it
T SR A B L 08D T AR A 2 TR A A
SE 4 LR B S N = T A S A R T g
FRE S T B R Y Car—P  Cag—P . Fe—P F1 A1-P ()
TR, AN ZE 2 BRI FH ) O—P 8% Cano—P B 75 HEA
A a R

3.3 Yt TIEFVIBE S RN

A PR 3 A O A B AL A AL AT, K 1 g
AL B LOP . MLOP . MROP 1 HROP , %} F i A5 HL.
B 2H 43 1 8 0 2 i A HLA B 3 ™ it FH AR A e
AT DUHE o SR A MUBR 2 4y o 1 MR WLBE 32 B4
WERE AL TR , A4 T DL B H2 W A A WLl ok 1 2 A
W R B T 2, AR VA DL R R T
VBRI A BLE , 5 IR B R R R R R 2 DDA G
XA ML AR 25 5 0 Ak S AR S ORI, FEAR
WF 5 it FH 2B W o S 2 it v T S A ML A
FIEA VRS B, X520 a8, WA
WF5T 3 H H SR e T LB AN v S e T L
T P A LB AN b S5 05 VA LI A R SZE . TEAS I
F€ it AR W e i 2 BN T g ) v SRR MR L
B o, H Y0 % 5 4 40 t-hm 2B, 55 8 5 PR A AL
AL AR X AT RE R R T AR it A L g
Ji 23 R A HERUE W T M RIS, R T AR
ML 2 43 LG A0 Ry 1 A LB , th S el S A AR 2R
G VA T A A TR v AL R ) TR S e B,
3.4 AWt B RE AUXURS (9 2 M

AR A B R R AR A & 0 REH , it
A 38 5 T 4 v - Sl Y W B RE N, AW e AT
DA o 4 48 v v P Al 2 2 T AR e T LA el AR
e A YERE . Zhang SR ST R B AE W) e LA K
15 1 P RE B BE T, K 4l A2 P Ak A 0 B Y B
il SR 5 2 R B B . T A R B A B
(A W 5 BE 7, 4 R S5 B A AR AL 4 ek /D T 3
.

Al Tl Feoo 42 K 4= & 50 i 4840 o
P w £y U NI SR Ly ) A ] g e e Rl
P JEERRYIA R g R e O
R B SRR ALY & i & xF DPSS 77 HE
M7, — A A, P R R AT RE RN S
HE Al Feo S5 BA 56, DPSSI R YIME N — A PEM
BRI (IFR 5, DPSS #EA , 1 B - 38 e 2z
TLALIR S, WEE P 1Y g Tl AT, R T8 P 1Y B0t S e
2P, LEARVR T A Y et s T LR DPSS, X
Ui B ZE 4 ] BS54 v - SR B R OXURS: , G o 4
1Y DPSS H 3 15% B ELA kR KU 2T sk 4Ot
FERIN, W 4 ZUEAUKRS LR R DPSS I SHE 5
) 2 18.8% . 12.9% 1 13.3%., {BAEAHF 5T - e
DPSSAY K 6.81%~8.34% , A It , FEAR A7 AE 3RS R
BETORIS: . PSIFE/R - HEEBERE ) AR/ AEATH 5T



2542

VRIEIN ity S8 B 114

W R T A PSTL U AE Y R IR T
[EERE ST . MRHE H AT ERIABS SRR 0 hnifE , ERT—18
I3 A B KU (ERI>25) 48 i KUK (20< ERI<
25) oI UK (10<ERI<20) FIE XU (ERI<10), 7
AR T 145 ERI M 54.55%~61.67%, R, AR5 -+
S R B AR XU AL T e B RUR i L

4 #ig

(DAY hcrets w2 P LI AR & i,
I st 12 RE 412 2 - 18 R MILBSE AR O ML 5 i, HL %’(
fiti 5L A 40 t-hm 2], 53] 22 g E K,

(2) HE W B T 43 Car—P | Cag—P 1 AI-P 7%
i, A i A i RGO K, HLA A 3R] 25 5 I
éﬁ&ﬁ%ﬁ 20 t-hm I, 14 Fe-P F1 O-P & & B &

oAt A B ;i FH A 9 e} Cano—P TG B 5 RE M . AR

%iﬁﬁ'ﬁ%ﬁ% T 3 LOP FI MLOP 5 & , {H i 5 F#AIK
T 13 MROP % i, 24t % f2 O 40 t- hm” B, + 3
HROP & fie/N, B % FH A AL B

(3) ARG H A Al B Feo 40 T 42 5 7K
g it AR W e ik 2 A R T R PST BN T A g
W BE 7 s AR5 1 3 B9 DPSS (Y Hy 6.819%~8.34%,
I, - SR IR e XU 88 /0N it FH 2B 9 e xof 1 458 ERT TG

BERm,

gi bk, it F AR 40 e v DA b A KRS 1 1 4
B ZOROL, B R IR W RE ), i ELAS S0 K 3k
E i
(118K 1. Jbor it

2%,2013:1-2.
ZHANG Bo. Study on the technology in efficiently improving the north-

b E A R B ARBFFED]. dbat  db Rtk K

ern coastal saline soil[D]. Beijing: Beijing Forestry University, 2013: 1~
2.

[2] Zhang H, Chen C, Gray E M, et al. Roles of biochar in improving phos-
phorus availability in soils: A phosphate adsorbent and a source of
available phosphorus[]]. Geoderma, 2016, 276:1-6.

[3] Arif M, Ilyas M, Riaz M, et al. Biochar improves phosphorus use effi-
ciency of organic—inorganic fertilizers, maize—wheat productivity and
soil quality in a low fertility alkaline soil[J]. Field Crops Research,
2017, 214:25-37.

[4] Yao Y, Gao B, Chen H, et al. Adsorption of sulfamethoxazole on bio-
char and its impact on reclaimed water irrigation[J]. Journal of Hazard-
ous Materials, 2012, 209 :408-413.

[5] Yao Y, Gao B, Chen ], et al. Engineered biochar reclaiming phosphate
from aqueous solutions: Mechanisms and potential application as a

slow-release fertilizer[]]. Environmental Science & Technology, 2013,

47(15) :8700-8708.

[6] Chen W, Meng J, Han X R, et al. Past, present, and future of biochar
[J]. Biochar, 2019, 1(1) :75-87.

[7] Xu M, Gao P, Yang Z ], et al. Biochar impacts on phosphorus cycling
in rice ecosystem[J|. Chemosphere, 2019, 225:311-319.

[8] Zhai L M, Cai J, Zhou M, et al. Short—term effects of maize residue bio-
char on phosphorus availability in two soils with different phosphorus
sorption capacities[J]. Biology and Fertility of Soils, 2015, 51(1) : 113-
122.

[9] Song C, Han X Z, Tang C. Changes in phosphorus fractions, sorption
and release in Udic Mollisols under different ecosystems[J]. Biology
and Fertility of Soils, 2007, 44(1) :37-47.

[10] von Tucher S, Horndl D, Schmidhalter U. Interaction of soil pH and
phosphorus efficacy : Long—term effects of P fertilizer and lime appli-
cations on wheat, barley, and sugar beet[J]. Ambio, 2018, 47 (Suppl
1):41-49.

[11] Xu G, Zhang Y, Sun J N, et al. Negative interactive effects between
biochar and phosphorus fertilization on phosphorus availability and
plant yield in saline sodic soil[]J]. Science of the Total Environment,
2016, 568:910-915.

[12] Adesanwo O O, Ige D V, Thibault L, et al. Comparison of colorimetric
and ICP methods of phosphorus determination in soil extracts[J]. Com-
munications in Soil Science and Plant Analysis, 2013, 44(21) :3061-
3075.

[13] Olsen S R. Estimation of available phosphorus in soils by extraction
with sodium bicarbonate[R]. US Department of Agriculture Circular
939. US Department of Agriculture, Washington DC, 1954.

[14] %5 0, 5 AP . A0 BV b S JC ML 7 SR I E Jy (0], L3,
1990(2):101-122.
5U Yi-chu, JIANG Bai-fan. Determination of inorganic phosphorus
fractionation in calcareous soils[J]. Soil, 1990(2) : 101-122.

[15] Bowman R A, Cole C V. An exploratory method for fractionation of or-
ganic phosphorus from grassland soils[J]. Soil Science, 1978, 125(2) :
95-101.

[16] Jil X, ﬁ L R, S5 BB A SRR s RO
FROUFEERAAELT]. Bl FREERFF 2417, 2007(82) : 386-389.

ZHOU Hui-ping, GAO Chao, WANG Deng—feng, et al. Phosphorus
sorption and saturation in top soil of Chaohu Lake water shed[]]. Jour-
nal of Agro—Environment Science, 2007(S2) :386-389.

[17] Andersson H, Bergstrom L, Djodjic F, et al. Topsoil and subsoil prop-
erties influence phosphorus leaching from four agricultural soils[J].
Journal of Environment Quality, 2013, 42(2) :455-463.

[18] Sun D, Hale L, Kar G, et al. Phosphorus recovery and reuse by pyroly-
sis: Applications for agriculture and environment[J]. Chemosphere,
2018, 194:682-691.

[19] Jin Z W, Chen C, Chen X M, et al. Soil acidity, available phosphorus
content, and optimal biochar and nitrogen fertilizer application rates :
A five—year field trial in upland red soil, Chinal]]. Field Crops Re-
search, 2019, 232:77-87.

[20] Biederman L A, Harpole W S. Biochar and its effects on plant produc-
tivity and nutrient cycling: A meta—analysis|J|. GCB Bioenergy, 2013,



W2, AR B T KR LB S SRR 5 2543

5(2):202-214.

[21] Xu G, Sun J N, Shao H B, et al. Biochar had effects on phosphorus
sorption and desorption in three soils with differing acidity[J]. Ecologi-
cal Engineering, 2014, 62(1) : 54-60.

[22] Guo F, Yost R S, Hue N V, et al. Changes in phosphorus fractions in
soils under intensive plant growth[J]. Soil Science Society of America
Journal, 2000, 64(5) : 1681-1689.

[23] Wang T, Camps—Arbestain M, Hedley M. The fate of phosphorus of
ash-rich biochars in a soil-plant system|[J]. Plant & Soil, 2014, 375
(1/2):61-74.

[24] 5K 5, A0, 5K, AR L U IR B A W e KA i
JEARSZ L], ARAbAR SR, 2018, 33(1):211-216.

ZHANG Ting, TONG Zhong-yong, ZHANG Guang-cai, et al. Effects
of rice straw—derived biochar on phosphorus content and form in pad-
dy soil[J]. Acta Agriculturae Boreali-Sinica, 2018, 33(1):211-216.

[25] Zhu J, Qu B, Li M. Phosphorus mobilization in the Yeyahu Wetland :
phosphatase enzyme activities and organic phosphorus fractions in the
rhizosphere soils|J]. International Biodeterioration & Biodegradation,
2017, 124:304-313.

[26] Steffens D, Leppin T, Luschinebengreuth N, et al. Organic soil phos-

phorus considerably contributes to plant nutrition but is neglected by
routine soil-testing methods|J|. Journal of Plant Nutrition and Soil
Science, 2010, 173(5) :765-771.

[27] Lehmann J, Rillig M C, Thies J, et al. Biochar effects on soil biota: A
review[J]. Soil Biology & Biochemistry, 2011, 43(9) :1812-1836.

28] 5, W 4, 2 T, A RESE AR R B S R[]
TR KB43R, 2017, 48(4) :385-391.
CAO Ting, MENG Jun, LAN Yu, et al. Effects of rice hull biochar on
phosphorus leaching from different types of soil[J]. Journal of
Shenyang Agricultural University, 2017, 48(4) :385-391.

2017 K, F A BRI, A5 . KR 0 T B A IR 4 A 0T R B XK
BT REERFEEI, 2017, 37(12) :4734-4739.
LI Fa, WANG Nong, XU Ying—ming, et al. Characteristics of phospho-
rus sorption capacity and its environmental risk in paddy soils[J]. Acta
Scientiae Circumstantiae, 2017, 37(12) :4734-4739.

[30] >k, W, A, . L IERER WA AL (DPS) I L
eI RIS IEL)). T3, 2014, 45(6) : 1471-1476.
XI Bin, ZHOU Ping, ZHAI Li-mei, et al. Study on potential evalua-
tion index of soil P loss evaluated by degree of P sorption saturation

(DPSS)[]]. Chinese Journal of Soil Science, 2014, 45(6):1471-1476.



