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Influence of domestic sewage irrigation on phosphorus forms and adsorption in paddy soil

YIN Ai-jing"**, XUE Li-hong'?, YANG Lin-zhang"*, DUAN Jing—jing'?

(1.Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.China Ministry
of Agriculture Key Laboratory at Yangize River Plain for Agricultural Environment, Nanjing 210014, China; 3.Key Lab of Food Quality and
Safety of Jiangsu Province—State Key Laboratory Breeding Base, Nanjing 210014, China; 4.Jiangsu Synthetic Innovation Center for Coastal
Bio—agriculture, Yancheng 224002, China )

Abstract; In this study, rice pot experiments were performed using irrigation with domestic sewage containing different nitrogen (N ) and
phosphorus(P) concentrations. Soil P forms were measured with the modified Hedley method, and soil P adsorption characteristics were also
investigated under domestic sewage irrigation. N and P inputs from domestic sewage irrigation were much lower than those in common chemi—
cal fertilizers. Consequently, soil total P contents decreased slightly, and soil available P decreased significantly after one season of rice cul—
tivation. Chemical fertilizer application mainly increased soil labile P, such as NaHCO;—Pi. Domestic sewage irrigation decreased soil labile

P and increased soil moderately labile P, mainly through increases in NaOH-Pi and decreases in NaHCO;—Po. Domestic sewage irrigation
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also increased soil maximum adsorbing capacity, adsorption intensity, and buffer capacity for P. Higher P concentrations in domestic sewage

could significantly increase soil NaOH—-Po content, whereas higher N concentrations in domestic sewage could affect soil P forms by increas—

ing the P equilibrium concentration in the soil solution and enhancing the uptake of P by improving rice growth. Thus, these findings demon—

strated that domestic sewage irrigation greatly affected soil organic P mineralization; further studies are needed to determine the mechanisms

involved in this process.

Keywords: domestic sewage; rice; phosphorus form; Hedley; phosphorus absorption

BRAEAED A AP oA AN Al ARz, (LB 1R
ANRTRRART T T AR AR X Tl
B A S W YT REA T IRDCH O H AT 4 BRI FE 19
PRI FR B A 5K A R, R R B SR OT R
18, LRI 75 KA [l A RERS B/ D 15 7K XK R BE Y
TS YRR , T HREAE TR ORUE ™ 1t 1) [F] s o AR HE 9 4%
N SRR T TS TR B 7 4 A R Rp 2 R R A B A T
SCH TR AR A — R IR AN IR R 5, X5 K 178
NHATIRRIITE ), ARG A5 KA A EY)
JEARA WK R A R B SR 1 22 2 35 19 1

S, i LA FEPRUIE R b Y RTSE T, AR TE 75K
A K A B K AT BRI 22 5 A 2 3l 2
I T B S5 o BUARE S KR R R 2 KT
IKAF RIS 157 R A R BRT A 3 T 7K RE R Y T
T K R WSS E A RAS AT K 7 2O KR AR
AR REMRSE, A T T KRN TSR RR RS2 e A Y
B, JE R - S P BT SRR A IR B ) A

TIPS S AR R DA,
Xk L SEAE Ty A PR B R S AP BHAE IS T
Sl T P A AR o B e A K e SR A R
SRR A K REBRG I T 5S4 5 250k, IRl
ST LTS A LB SRE AR TR TS K TP IR S AL
vy, M ELAT R R P A LB, Horh S BRI 32 75K
RV Y e R LB KA BT 255 R R R,
FEFERRM . AT 15K B R WU AN (SR i KA 114
AR T ELX - S5 PR AT 25 R £ R B R A
R —ERR . AHFTER AR R B A AT
TR KRS HERE , A ) Hedley ¥R L3 RY
WIS AT 00T  WE ST AR 16 15 KR 25 P R /K R 1

BRI S A AL A K - SR i W B R AR R A2 £, LA
A3 TS 7K R FH 5 3R PR AR AR S 4

I MR

1.1 BFEE

M -3k B R AT R E X AR IEAR ), a5
AU KRS 4, 1 AR PR A BT L 1, SEER
FOLTULIRE LB e N 2 K. 2R TR &
I IRR (B4R 30 em) , 3EH +JEE 30 em, 35+ i i 20
kg, AKFESL RN RIS HE 23 5, F R, B 3 &
3 k. T 20154F 6 J 17 HiFA7#4%,10 7 13 H
Wik
1.2 K&

SV B AN it HE X BR (NOPO ) | 5 0 it A A Xof B
(NcPe) fe 4 AAN[a) L B B2 AR 3 T 7K b B (IR AU
W N2P2 | AR B NAP2 fIRE = B N2P4 |5 e
N4P4 ), BAAE PR E 3 N E A L W IR FORIKHE
Wk, 15 KA ARAE , AR 16 T5 KOk B B35 K,
JEK AR L3R 2, B 43 A & 1 i A Ak H R K BT
#E(GB 5084—2005 ) , i £ X b2t V5 7K A AN [F) A%
BB RAR A R AL B B AR TS 5K, A LR
3. WAL AEAE A, B S AN 250 210
(N).70 (P,05).70 (K,0) kg -hm™, ff #fl HE 4= 356 1 3
N, JHBHE TK— MR A s EAES 3 A, 2
JE BENE IS A (TN 28 70 kg-hm, #42%
BT KA

FE R KRR A A A A 0 K it K 3 75 7K R
WORBYR B R AR 3, ALV R K E A
[F], FFAR REOK R AR A SEBR SR EE . HHTRIK A AR T I%
2 2 em KT FATHEME , BECREIE 20 2~4 L- 257,

=1 il T EEARELER

Table 1 Basic physico—chemical characteristics of the original soil(OS) used in the experiment

pH  HHLGi/g kg 2R /g kg Ly kg™

B R/ mg kg™

/g kg RERLI % Frib/% kL%

5.98 22.1 1.52 0.776

25.6

39.8 30.0 34.0 36.0
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*®2 KWARBAKR
Table 2 Water quality of original domestic wastewater

in the experiment

KRR Ky INDIE 7N Bl
pH 7.56 EC/pS+em™ 424
TN/mg- L™ 79.6 Cl/mg- L™ 62.1
TP/mg-1" 1.1 SO%/mg- L™ 24.1
POy-P/mg- L™ 10.0 Cu/pg L™ 53.8
NO~N/mg-1- 1.33 Tnlpg 17 57.4
NH;-N/mg- L 78.2 Pb/pg- L™ 8.56
Na’/mg- L™ 76.2 As/pg L™ 2.22
K*/mg- L™ 51.6 Cr/pg- L7 1.03
Ca*/mg- L™ 31.4 Cd/pg-L™ 1.65
Mg*/mg- L™ 5.68 Hg/pg L™ 0.05

PREFKZEREEAE 2~6 ecm, NOPO Fi1 NcPe 4b#iA: K1
A B R AR , 15 7K VR R Ak 3L 025 FH 285 o 8 — b
JKEEF B R AKHERRSL , A TR V5K BE L . £ 0B A
KA B SR KRN A T 15 7K HEE 14 Uk, JEIE (BEIE
FREAE I A HE MR B 51 3 Uk 3 IR 8 IR Bt
REZE A, HoAthAh P ) R 5235 Oy 45 L- 27, ti Ttk
NEZH 7K A A A HE B, Ay sk fe FH TRIZK % 1, SEBRE /K &
it 2 o ¥ H AT AT SR F L0 H K B SR 9% T o 75 K
WEALFHE AR B 3R 468~936 mg- Z (1 /& N
67.4~134.6 kg-hm™ ) .27.3~54.6 mg- 75" (474 P05
8.1~16.2 kg-hm™) . LUH FURLALIE A 2 B8 A S TR
32.1%~64.1%H A, 11.6%~23.2%H I .
1.3 HFmEESHH

N R A 2 N 4K RS B kR ANRS FF , A T
W77 I A 77 Fe A B DR 2R o R RIS AT LT I o A
EA AR AR TN FLEEE(TP) S8 fol il
BRIy 2, FMRBRAR 5 UK I A it L BILER Tk
TR, WA R I, DT AR R AL BRI

IR FESOIR o A TR, SR SRR R
FFN A AE B = IR XT 2 2 mm 0, 2. &

58 TP R B R — = AR, WiEH W L e e,
-4 TN $e i iR 5 BRI it I L ER o SRR
- R ) AR AL S FILIS ZR 1 TP 5 s 2 A
H 358 TP i, B (YRl Jm 358 TP e i it ik 1 15
TP W) < FEARIE 1 Bt it . VR A B S R AT FA R
B L AT -3 S R, It AA 255 FH0.03 mol -
L~ NH.F F1 0.025 mol - L™ Hii b BRIE S VA TR B
KSR 9 Hedley e PR TE A SRR B,
WU 2 mm G H3EZY 0.5 g, 435100A 25 mL 421
W, 16 h J5 B0, b B, 5RE AT T — 4
PEWIIHT o S —2 I A BH B F 22 He b g B ( AMIT) 2
B, J IR A e 25 ( Resin—P) , 42 - 3 v A A5 20 vk
R BHIES . 5 A NaHCO; 7B EL, B 4
W VE B E NaHCO,-Pi, 3R W B FE S 48R40 4
b4 2 T Y T AL , 2 - M RO 2R 1) T A
431201, NaHCO; $EIGR I ## )5 e TP, @it TP 5
NaHCO;-Pi 498 J5 15 3| NaHCO;—Po,NaHCO;-Po &
SERE R TR B RSB ALY, R E S T A LB .
55 A NaOH ¥ i $2 B, 9 40 18 % B #2005
NaOH-Pi, f{3& W ff T T 2 AUk BR A0 0 1 TCHL e
& TR AL SRR G2 WP o VR — 20 T e
W TP, i 2 TP 5 NaOH-Pi #8515 %] NaOH-Po,
REAXTRE A PLBE . 550045 A HCL % R AR ER
HCI-P, AR FREG LS &80 Prms™, S i) 254, HAT
SRAT DA A W 32 448 o 75 B 8511 Hedley 72 3 48
Resin—P .NaHCO;-Pi 1 NaHCO;—Po £} 55 F] F 25 1%
(L-P),NaOH-Pi 1 NaOH-Po — & # I\ Jy 2 25 75%
VERIBHE A (ML-P) , HC1-P 24545 4 288, MR
AR 14D 58 R R o 52 8« BB 2 mm = 0 A - R
2.5 g A B0, INA S B A A A 0.01 mol - L™ 11y
CaCl, % 50 mL. #Epgu)ERE 8 o 0.2.5.5.10.25.
50.80 mg- L™, 7EA-ALI AR P FH 2R LA A )
Wk, 78 25 CMEREZE Y 24 h, SR 5 7E 10 000

R 3 FRILETKEERERSKENNESR

Table 3 The loads of water and nutrients under different irrigation treatments in the rice pot experiment

JhEL] 15K /L 7 AR/ 2 757K TN/mg- L™ 57K TP/mg- L Hi A N/mg- 73 A Plmg- 7!
NOPO 0 45 0 0 0 0

NcPe 0 52 0 0 1460 2353
N2P2 39 6 10~15 0.5~0.8 468 27.3
N4PpP2 39 6 20~25 0.5~0.8 936 27.3
N2P4 39 6 10~15 1.0~1.5 468 54.6
N4P4 39 6 20~25 1.0~1.5 936 54.6
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remin” BR800, 28BN E b R
DA 22 B e R L D SPGB g Al
B, DA SRR IR Al oA N AR R 2 ) S TR B il £k, 9
A Langmuir FFEA . HFRIX BN

C/S=1/(K,xS,,)+C/S.,
P C R W B R BV B mg - L5 S S BRA
JoT i - S AR X 2 BT B mg ke K RS S S
REAT G — 1> 85 ( RIW BfEP- 4 3 %50 , Lo mg ™3 S Ry
BN T M AR R AR AR B i mg ke H
Ky AS, B BUE R, ml A 20 &R i K2
P25 (MBC) ,mg-kg™s FRARIG LI, T 145 5 fil i
B (RDP) BEF WAk B (EPCo) S5 S5, RDP &
0.01 mol - L™ CaCl, i AR E W B , R AE—E S5 1F T
5 Vi e A SR AV R AR I M B R L EPC
2 T MR A B A S B R S A O sl 2 O i e
[k B EPC,y 3 B R RAE 1 38 1 [ 8% BE 77, EPC,
N, - AR R, =z, W) - 4 Rl A T
N2 B 4 (OS) A48 A 3 (NOPO . NePe \N2P2 \N4P2 |
N2P4 N4P4 )y 3 AT A AE SIS EA T T i i) S50 % A
T, S SR R A AR IR F A bR 2E
1.4 BIESH

K A Microsoft Excel 4% 4 it 174811 R A
SPSS ' Duncan 7 X%F 8088 47 22 5 0 &1 70ty (P<
0.05), % ] Sigma plot FK /4l &

2 FER5HMH

2.1 13 TP AL BEHI T

KA G -5 TP A 2w i & = 03k 4, +
1 TP ¥k BEA T 628.6~769.2 mg-kg™', [ N4P4 1%
TP 12 8 3 T RSN P<0.05) , HoAl A PERS A T B, (0
SR 422388 NePe il 3% TP &8 5 5 4 & &

WA BE 2R, ALY 41 TP & 2L TR
AEFREH A AL PRI B T 5.42~13.0 mg kg™,
2830 —ZE K FE AR, 1 A AU B 2 T % (P<0.05),
Horb NePe A78005 5 & .35 5 T HA AL 3 (P<0.05) .
B KHE A AR S A T 5.42~7.88 mg-kg,
AbPRIGIEA 83525 5, 5 NOPO 338 A A%l 2 ikt
WHBEZER.
2.2 SR T IEBR SN T

TR PR BE S R IR 5. A A3 135
o R FIN ML-P>L-P>HCI-P,, F/KFS )5 , NOPO
1 NcPe ) L-P $45 58 24841 (P<0.05) , [ N2P2 5
JE A0 L-P & w22 5 A0, HA T K
b F5 B 5 N R (P<0.05) . NOPO 1 NePe 14 ML-P
b OS W& A TR, H2ER AR E, s wkh 1 4 1%
ML-P £ i % %5 T 0S .NOPO F1 NcPe(P<0.05), 7K
TSR 5 1398 HCI-P A B 70 Ak, 45 Ab PR ) 22 5l
ZNTE

ANFEANEET HIERE A S WA 1, 0S Abi
NaOH-TP & &5 (5§ TP 1 37.2% , H v NaOH-Pi

RS BRETEFAERFEHBSEAN
Table 5 P forms composition of different availability in the soil

under different treatments

L-P/mg kg ML-P/mg-kg™ HCI-P/mg-kg™
WE bRz S WRiMEE O BIE ARdE:

0S  151.9b 297 2887bc 164  1185a 107
NOPO  1835a 157  2609¢ 128  1l4la 80
NePe 17852 55  2579¢ 173 12652 44
N2P2  1640ab 130 313.1ab 94 12052 6.0
N4P2  113.1c 42  2822bc 147  1234a 63
N2P4  1134c 40  3260a 255 12482 45
N4P4  123.1c 26  3437a 186 12452 7.6

buse

& 4 WERIG AR AL IEKTE L1 TP BB T

Table 4 Changes of soil TP and available P under different treatments after harvest

Qb3 Treatment  TP(I{H+ARMER )/mg kg AR LhRERZ ) img kg -3l AR fb /g - pot™! YEWH & Plg- 43
0S 775.7£128.5a 25.6+0.4a — —
NOPO 732.5+62.8ab 7.27+1.81c —0.86a 0.29¢
NcPe 769.2+45.2ab 13.0+4.2b -0.13a 0.40a
N2P2 741.7+£23.9ab 6.62+1.65¢ —0.68a 0.30c
N4PpP2 692.5+96.1ab 6.53+0.52¢ —1.66ab 0.37ab
N2P4 748.9+74.6ab 5.42+0.90c —0.54a 0.33bc
N4P4 628.6+26.8b 7.88+2.11c -2.94b 0.38ab

T RPN NG PR R L T 22 St 35 (P<0.05) . FIA.

Notes: Different letters for the same index mean significant difference between treatments at P<0.05. The same below.
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di TP 1 25.1% ), Holk S HCI-P( 5 TP 1Y 15.3% ) Al
NaHCO;-TP( 5 TP ) 12.2% , H:rf NaHCOs-Pi |5 TP
() 10.7% ) , Resin—P &5/ (5 TP 4 7.4%.

2ot —ZE K FEFIE )G , 5 A0 PE Resin—P I & T
(P<0.05),M 57.0 mg'kg'1 N 4ER mg- kg™ Lok ab
PHAEA B2 5 . AEKREIER G NaHCOs-Pi 75 5
P s, Hirh NePe [N2P2 i1 N4P4 4b FR 1 i1 i 2
(P<0.05),NOPO NcPec 1 N2P2 1% ) NaHCO,-Po 7%
AL E RGN (P<0.05) , A5 /K A S InAS B 2 7E
15 KA AR 50T, S ALY £ 38 NaHCO5-Pi
Al NaHCO;-Po 7EAR B AR /N TR A AL BE, Hoh
NaHCOs-Po [ 22 535 B 7K1 (P<0.05) , 7E = A% A
i e AU AL R Y 12 3 NaHCO,-Pi 75 ot HU IR UL 3 5
TEVG KB AMF R, m B FE NaHCOs-Pi
Al NaHCOs-Po 7EMR AN T KT Em R, Hrp
NaHCOs-Po [ 22 535 B £ 7KF-(P<0.05 ), T 7E = A%
A TR PER) NaHCO-Pi 7 5 25 TR B

NaOH-Pi 11 7 & 7E K FEUCAR 5 3404 BT is i, 32
FRG K A B 2 5 2 1 0 (P<0.05 ) , AN it B o HE R it
ALHE X BE RS A 5 . NaOH—-Po [5:75 7K BB Rb BRAL
LA A PR B 280 (P<0.05) o ZEARBER AR B A UAb
JH 1 NaOH-Pi i /N TR A AL FE (P<0.05) , fE &
BEEA T M AL 5N A B A B 22 5 M
NaOH-Po 7 & AAZ520 . Wik )5 138 NaOH-Pi 7 &
TE R B BRAR AR T B/ N TR B, S A A
T A % 2% 5 NaOH-Po & 2 A 32 A 4% A 1 5%
W, F AL PR ISR AL R AR T HEES T
EBEAL PR (P<0.05) .
2.3 BEORAH B ERAET 1L

128 8% BAF il 2 AT A3 5 Langmuir J7 5 458 4 b 401
A JUE R EOYE T 0.93, BRI SRk 6., &
W —ZKAEER, IR B R i S, YA P dE
Tt M 235.4 mg-kg™ FFEF 434.9 mg kg™, £ AL P

£ NaHCO:-Po
lIE HCl-P

700 1 Resin-P & NaHCOs-Pi

T

OS NOPO NcPc N2P2 N4P2 N2P4 N4P4
B

[AFPBEE N ARG FBE 30K 22 5 .2 (P<0.05)
Different letters for the same P forms mean significant difference between

treatments( P<0.05)

B 1 WiREEAET HESESHARMESR
Figure 1 The distribution of P forms in the soil after harvest under

different treatments

IR F I K- (P<0.05) . Ky FE/K AR ORI 354 4
o ARG K AL B £ 5 i 2 (P<0.05) . 7EFIHE
K 4238 MBC 3547 B, {5 7K 8 AL 3 HINOPO
B 2. 2% (P<0.05) ,NePe 13 MBC 4G {1% , {H 4% kb B
B A &R, BORE&L4HE RDP 8 % T
B, NcPe BRI, N2P4 BRI B R o A SR /KA 1%
WS i v B EPCo A T 0.065~0.102 mg - kg™, 3K 5
13 EPCy 3% TR, v NePe [ EPC, {H fx i
N2P2 N4P2 Fil N2P4 i Ak F NcPe(P<0.05).

FEARBESAE T R AL S (R R A B f =
A B ENES, mAEACEE S, W e, K WK, 755
BT S A IR SARALL P Y S, Ky, Fil MBC
WA BEES AR AL PR RDP F EPC, 4 i 2% =
FARAAFL(P<0.05), 7ERSEREBALMT , ik
A A SHEA B EES, SdHm
RDP F1 EPCo 7TEARA S T BSAR TARBRAL ], 76 5 A
ST DI v TR AL 2

& 6 RNEIALIET THERRRY IR M #h LS4

Table 6 P absorption characteristics of soil under different treatments

Qb S,./mg-kg™ K./L+mg" MBC/mg-kg™ RDP/mg-L™ EPCy/mg-L™
0S 235.4+11.4c¢ 0.217+0.010b 51.0+1.0b 2.11+0.09a 0.102+0.007a
NOPO 414.4+45.2a 0.393+0.056ab 163.7+35.8a 1.69+0.11be 0.073+0.005bed
NcPe 343.2+£31.2b 0.332+0.054ab 114.7+26.9ab 1.85+0.02b 0.083+0.004b
N2P2 401.2+23.0ab 0.434£0.155a 176.1+72.1a 1.62+0.10bc 0.070+0.004cd
N4P2 434.9+58.0a 0.388+0.111ab 173.1+74.4a 1.67+0.10bc 0.072+0.004cd
N2P4 410.9+£26.6ab 0.444+0.120a 184.3+£59.2a 1.46+0.09¢ 0.065+0.006d
N4P4 400.1+41.2ab 0.393+0.105ab 159.8+59.2a 1.80+0.29h 0.079+0.010be
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IR T S EC S RS 2 (B A R B2
7,8..Ki . MBC #]5 NaOH-Pi 3 F4H5¢, 5 Resin-P
B 266 (P<0.05), RDP .EPC, 55 Resin-P 2% 1F
FH3, EPC, 5 NaOH-Pi & 17K 5 (P<0.05) .

&7 TEBHBHSHE SBRSNEXE(=21)

Table 7 The correlation between P absorption indexes and P forms
in the soil(n=21)

R Su K. MBC RDP EPC,
Resin-P  -0.76%* -0.52* -0.57* 0.57* 0.68%*
NaHCOs-Pi  0.19 0.21 0.17 -0.19 -0.23
NaHCOs-Po  0.07 0.11 0.06 0.06 -0.03
NaOH-Pi 0.44* 0.48* 0.48* -0.38 -0.47*
NaOH-Po -0.30 -0.20 -0.21 0.30 0.38
HCI-P -0.15 -0.21 -0.26 -0.16 -0.13

e [0 P<0.01, * fR38 P<0.05,

Notes ; **means P<0.01, *means P<0.05.

3 g

3.1 &iESKERT 188 TP FB R ST

AWFFE LI, FkE—ZKAE)5 , NePe )+ TP
T IEARE R AL BB A4 A S 7R IR E
A s AETE TS KEIR R, 3 TP & A T R R,
N4P4 R, FH %R R 19.0% . X T B2 M5
TR R A B B SORE Y T it 1k B AL A 11.6% ~
23.2% i/ NFAVEIAT E BT R (L3 4) . 7ER A
W BE TS K HE R T, 14 TP SR AR, X RN A
EKFAERNELEES, SmARANRHE TKREER,
TSI T Xl (R W™, ARG i 5 K A B 7K
e REL R 1 R B 5 it A A A B AT d 2 22 5% i 13 I
A T VS KR A KRS IR TR R T
KRR AR A 1525 S50/ 0N, AN () v 32 R Tk
BRI LI TP 225 A0 BE A+ 50 3
FEKFEWOIR J5 ¥4 25 T %, NePe 194G 8500 5 12
F 5 T NOPO F1i5 Kk kb2 . + HE A 25 #5 ( Bray 3:)
13~20 mg-kg™ EAEPAEAEr i i X 0], 35 7K 4b AT
A B AG , KRN A s A TS
PR A ok

ot —ZE KRR KL Bk HCI-P 4b, TR &
BEANHE A, A5 KR ALRR T N2P2 ),
HoAh 43 L-P ¥4 8 30 TR (P<0.05), ML-P K
ZA7 Frsiaiin, Horh N2P2 N4P2 il N4P4 ¥ &g 2 (P<
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