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A, X H BBATEL 2175.1 h, H BB 49.0%,
PR 143°C, TR 218 d, 45 UK
52 d, AEHIREIKEE 780 mm, AR, PUZESHA,
Jthesmr, REEE, THREK.
1.2 it

VEHUR AT IR A8 V5 /K VE R A TR A 715
IKHEME (8 UG KHERE ) (TR Ry 2 g Ak
B, PR T, SIS XA b A
AR 2 B 50 hm?, JAAREAKL 104, SRAISTE
Z R, R SR AE 0 ~ 200 20 ~ 40 F
40 ~ 60 em TIEFESL, BASH (FEARX) 280
FERA N — RS, FESCREESS, KT, BB, o
1 mm i, AT HIEBERILENH, hT B /K E
A AHEMR A F B AR )2 RS B R IR A4
fi2a5t . RAEMTE]N 2018 4E 3 A, 15 /KHEMAY A4 H
FRRTERE 60 m'/hm®, BHAFVE 4 I, COELLERPIAT,
TR SRR 157K K B R : pH 6,92, COD 2817 mg/L,
A 670 mg/l., B 76.07 mg/L.
1.3 m 5 A0 ik

X HIERRBIE S =481, B BT Bowman—
Cole """ (1 45 LB 23 J A 2 1 Hedley 25 Bl 23
PR R E NI T2 N, ARBF5CRA T
Hedley 45 17 il v 2 00 2 10 0 o 2 98 4 0k
TIEB RN THIRR, MM TIBIE, R
PALHWALIR: (1) KIES -Pi, ZZW/KEIUS
FH AR W B 6 1 0 525 (2) NaHCO5—Pi A1 0.5 mol/
L NaHCO, $2 B B4 HI8H UK e A5 00, NaHCO,-
Po 1 0.5 mol/L. NaHCO, 2 B J5 5 FH i R = I 714
G A vk e, SR )5 2 NaHCO,-Pi;
(3) NaOH-Pi /H 0.1 mol/L. NaOH $2Ht, & # H 4R %
e 5E , NaOH-Po JH NaOH $2BUS BB &
T A S A L vk, SR A A NaOH-Pi;
(4) HCI-Pi, H 1.0 mol/L HCI $2HUH W Lt (Al % ;
(5) BRIEAS P, FHMRBRRR . WU K TH & $E HOR
IFRIE AW, B ORI

Hr, Pi N EHLBE, Po HAENLEE. 5%
7 AN R 22 Ak & NaOH-Po FI 52 5% F 1) 12 & 481k
BB IS AR R T A I 5 S A R U A
2=
1.4 Geitsrtr

JF A AR % ] Excel 2013 F1 DPS %44 3347 43
Brabsf, A0 EF I E 1) 25 L BCR AT =R 25Tk
( P<0.05 ),

2 ER5HH
2.1 FRAE TS K HE B AN [ B JZ K i S A B

Al

H 2R 1AL, RIS 5 K R 2 1 7K R
BfE LR IREERIEIAKIA S -Pi L. 5
IKFEBRAL FRAR L, 75 7K HE R AL B 45 4 2 Z [A]K i
B-PiEFTEMEE, 0 ~ 20 cm 2 /KIFEL -Pi
FERKAE2 ~ 40em LEA 445, £ 40 ~ 60
em T)ZMY 12 4%, YRR E 255 MG K
REFR O ~ 20 520 ~ 40 em + 2 Z [EIKIEYE -Pi &
HLRFEES, 0~ 20540 ~ 60 cm + 222 [A]K
T —Pi S 25 5

xR 1 AEEBRZFHTARLEKES -Pi 2 HHFE

W +)2 TKIEZS -Pi TREEE H B
P3G (em) (mg/kg ) (mg/kg ) (%)
IRl 0 ~ 20 28.50a 356.66 7.99
ik 20 ~ 40 7.07b 275.66 2.56
40 ~ 60 2.47¢ 227.29 1.09
K 0 ~ 20 4.39d 301.32 1.46
20 ~ 40 3.33d 242.11 1.38
40 ~ 60 0.93¢ 196.43 0.47

e RS/ NG FRE R AL B 22 5 2% (P<0.05 ). Rl
55K BEWEAR L, 15 /K I BE A5 10 3 1 n 4%
T EKBEE-PISE, THEO0 ~ 20em RJZ
TR BN, KES -Pi iz E AT
B 1.46% B HNE] 7.99%, $#E%T 6.53 2~ EH 40 .
15 K HEME AL TR O ~ 20, 20 ~ 40 140 ~ 60 cm +
JZ KA -Pi F 1 53 ) R T 7K O I A 3 W) 4 2
6.5, 2.12 F1 2.66 fiF o 13X 1 BH V5 7K I 3 2242
T HHERZAKENE PSR, SRR TIBEA
TS
2.2 FREETE K FEME X AN £ 2 NaHCO,-Pi 7% &
Pl
R R BN, AR IETT K HE A 2 1 K
W, Bl & 1 28 B A9 5 NaHCO,—-Pi 7 &t 34 &
B 5 K R S K A AL B )R 2 ]
NaHCO,-Pi 7% 22 ¥R 8] g E KV 157K HE I RE
RN NaHCO,-Pi & &, V5 /KEEALEE 0 ~ 20,
20 ~ 40 F140 ~ 60 cm - J2Z 1 NaHCO;-Pi 7 & 41
)2 ] 2 i K B AL B Y 2.8 . 2.1 1 2.0 5.
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0 ~ 20 ecm )2 NaHCO,-Pi & 5iZ 2 B kb
HilH 6.08% HEIN%E] 14.58%, BT 8.5 N E4 M.

R2 AEEBREHTAELE NaHCO,-Pi IS HER

T +2 NaHCO,—Pi T2 B0 o A
XA (em) (mg/kg ) (mg/kg ) (%)
FIH 0~ 20 51.99a 356.66 14.58
15K
20 ~ 40 23.87b 275.66 8.66
40 ~ 60 5.04e 227.29 222
EK 0~ 20 18.33¢ 301.32 6.08
20 ~ 40 11.20d 242.11 4.63
40 ~ 60 2.43e 196.43 1.24

ghaFRVME 2, SEKIEBMAIALL, 15K
HEIE IS 45 12K R3S —Pi Ml NaHCO,—Pi f & 5034 i
FROM, 0 ~ 20 em HEHPIEZ AN %12 B
FLih 2] T 22.57%, i K #E R AL B + 2 P &
Z R AR e B 7.54%, 55T 15.03 N E
SrRL, RUITKEME RS TR E sy
LA
2.3 FEFETG K HE XS AN A 4 2 H NaOH-Pi 5 5 1
Al

M2 3 AT, A8 T5 K HE I A S T K HE
NaOH-Pi 7 w4 bfi & + 2R 3G i 20k
A FAAAS 2 2 (0] 25 5 8 B 8 KT, 15K
FEWEAE W FE MO ~ 20, 20 ~ 40 em 1 NaOH-
Pi &, V5/KMEBALFEO ~ 20 120 ~ 40 em £
JZ ™ NaOH-Pi 155 2 3 51 i85 K E R AL PR 1.97
1.53 £, ¥k 8% 2 7 KF, [HX40 ~ 60 cm
TRILTBA W, SRS, 15K & 12
(0 ~ 20, 20 ~ 40, 40 ~ 60 cm ) f NaOH-Pi 5

R3 AEEBEZETARLE NaOH-Pi IR HRER

T +2 NaOH-Pi T2 80k o A
1 (em) (mg/kg) (mg/kg) (%)
FrAH 0~ 20 1821a 356.66 5.11
15K
20 ~ 40 10.73b 275.66 3.89
40 ~ 60 3.52d 227.29 1.55
WK 0~ 20 9.24b 301.32 3.07
20 ~ 40 7.02¢ 242.11 2.90
40 ~ 60 3.53d 196.43 1.80
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TR A P 45+ 2 HCL-Pi & 52 A8 4k 5 75 /K I A 34
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o HCI-Pi & #A7 Frdm, [R5 KA 2 5
K FERALFEAH L 0 ~ 20, 20 ~ 40, 40 ~ 60 cm
HCI-Pi (7% )2 S0 0 L &4 BT SR, X Uiis
TKHEBERERRAS HC1-Pi 75 SR i o g3

K4 TEEBREZETARBLE HCI-PiMAHER

TR +7 HCI-Pi TREEE LY
M (em) (mg/kg) (mg/kg ) (%)
FRHH 0~ 20 149.36a 356.66 41.88
157K
20 ~ 40 131.90bc 275.66 47.85
40 ~ 60 120.18cd 227.29 52.88
K 0~ 20 142.85ah 301.32 47.41
20 ~ 40 123.56¢d 242.11 51.03
40 ~ 60 112.01d 196.43 57.02

2.5 FRFE TG AKHEWEXT AN [R] 4 2 A HLBE
Al
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Boh A LB, RSER BN, BEL, XES
B (7 BB B LA R TG IR T K THE T AL B 2 T
IKVEREAL 3, Bl 2 b 2 A BG nAA PLBE Y
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x5 AREEBRZGETARLE NaHCO,-Po F
NaOH-Po IR ER

TR T2 F LI + 2 o S ]
1 (em) (mg/kg ) (mg/kg ) (%)
Bl 0~ 20 17.04be 356.66 478
y57K
20 ~ 40 18.06be 275.66 6.55
40 ~ 60 12.65¢d 227.29 5.57
WK 0~20 32.95a 301.32 10.94
20 ~ 40 20.01b 242.11 8.26
40 ~ 60 9.04d 196.43 4.60

2.6 FEFHIGAKHEMEXTASF L2 RIS P S
Al

B A -PONRE A I R, o g
BB RISy, & LR P ERES -P ¥ BB
30% fiti. MR 6 A, Tit&Ts KL 2
THAKHERE, BEE LJZIREMIN, FRES P &
OB Z U/, 5K EEBE AL BRIE] - 2 A EE, TE K
RS T2 ARIES P ARA RN, (S Bk
B, 40 ~ 60 cm 12BN, M0 ~ 20
20 ~ 40 em HJEFRIEL P b EBE LG SR
%, 2B T 5.83 Fl 132 AN 4, 4950,
5 KIS AR T B0 [ L], — e AR g
TR A RO

%6 FREEBEUETAELERES -P KIS

TR T2 GRS -P + 2 Ak o7 S L]
A (em) (mg/kg) (mg/kg) (%)
FeHi 0~ 20 95.56ab 356.66 26.79
757K
20 ~ 40 84.03hc 275.66 30.48
40 ~ 60 83.43hc 227.29 36.71
VN 0~ 20 93.56a 301.32 31.05
20 ~ 40 76.99¢d 24211 31.80
40 ~ 60 68.49d 196.43 34.87

2.7 FEEETSKHER S 3 RIE SR LB b

M 7 AT, ST KEEREAL BEA L, 157K E I
JE G R . NaOH-Pi 72 S8 () el #sssn 1,
HG PERE B EL B I A . 0 ~ 20 em 2GR
W o e 7.54% 32 5 ) 22.57%, R E T 15.03 4
Hr 5, 20 ~ 40 em 1206 PEBE & H  6.00% $2

EE11.22%, 2% T 5220 A 40, 40 ~ 60 em
TR TEPERE L 1.71% $2 5 B 3.30%, 4R
1.59 ANE 4y, Bl 2 R 388 s P B 1 34 s
B, NaOH-Pi 7 @0y i, 0 ~ 20 em
T2 3.07% R E R 5.11%, $#E T 2.04 40 H
A, 20 ~ 40 em 12 2.90% i F) 3.89%, HiE
T 099 NE4RAE, 140 ~ 60 em HENASEATK
MR b, TEERE . NaOH-Pi (5 S8 A 0 ~ 20 em
2 R BN K

%7 FREREETARLEEHASR S ABNLHISH

WM 12 IEPEBE NaOH-Pi HCI-Pi BRIEZS -P AHLEE
%M (em) (%) (%) (%) (%) (%)
FH 0~ 20 2257 5.11 41.88 25.67 478
y57K
20 ~ 40 11.22 3.89 47.85 30.48 6.55
40 ~ 60 330 1.55 52.88 36.71 5.57
WK 0~20 754 3.07 4741 31.05  10.94
20 ~ 40 6.00 2.90 51.03 31.80 8.26
40 ~ 60 171 1.80 57.02 3487  4.60

S K BEEAL BEAR HE, 5 K HEIRALEL 0 ~ 20,
20 ~ 40 fi140 ~ 60 cm 1 )2 HCI-Pi /7 S8 L 1] 3
WA, 3 IFEAR T 553, 318 Ml 414 N Ar. A
LB, PRSP BB BIFE 0 ~ 20, 20 ~ 40
em T 2R, 140 ~ 60 em L JEF 30, (BN
Y N SN N S Y X el ¥ A m 1 L R Y =
NaOH-Pi (5 Sk il A r i =, il HCI-Pi. 7
LB . FRIES —P 5 R LU R, X i,
15K G A RO AR S R, Hrp, 354
AR AT DA BRI AR, DA 55
TR N E R R B A EE R L,

3 itig

3.1 FHHTEAKEEBT AR £ JZKIAZS —Pi Fl NaHCO,-
Pi 5 A5

-4 mT LR ORI F i R A SR K
TPERE, HPOKIEAS PR T PR R A R 4
ARWFFE R, KRB EE B E R A LEKES P
i, JUHRRIE B R R, RS K
FERE TREZLHOKES -pi &, HIERZE
FerfoK R TERE SR, EATIEIE Y, K
A -Pi MWL 24.04% . 3526 R K
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A -Pi R REUE S K E e BRI, S S
T E I R HOKIRA -Pi, ARWFIEES RS AL
a0 Bk U0 RRRIEAE T AR A K
WA e B 3 I e (BDIE RS ) R4S A
—F(, NaHCO, {EBUS B 5 TCHLBE 1A MLEk, JC
0117 e o e b TTIN S ] e 2
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NaHCO,—Pi AP ] | FH A 208 £ 2, P
HZMFR NI TERE . A, S5 KEBA L,
15K 45 )2 K4S —Pi Al NaHCO,-Pi 5 1
WEERN, RZPWEZ SR Bk E]
22.57%, $Em T 15.03 N E 535 X U TS K I
REAR B R 2 R e e R L, /N B A K
EREEAEER L,
3.2 FRFHIGIKFE XS AN ] £ 2 NaOH-Pi F1 HCI-Pi
Al

NaOH-Pi & 5%k . M5B eEY, &
AR R SR A BIFAZ . AT
WA, 157K E AL FE RN K HE BEAL B 20 ~ 40 FlI
40 ~ 60 em 21 NaOH-Pi & 1 % 1+ 2 M
FE AN JE 5%, H R 2R 5007 3 W) Al
a3 KGR A5 DG o B T i I Tl B 2 R
5, FESSMIESTERT , BRERES M N UERY, B
HRB S [ 2, 3 NaOH-Pi & 8 %/, HCl-Pi
S THBHEL A Y, A KM e s i
WFEH, HC-Pi & m. A K% X
WS R, TS KR T K
45 )= HCL-Pi 3 s b7 1% )2 S8 409% LA
b, XL SRR A 0 RS s A K 1
AR ASBELH 53 3 A AR AR T I 2518 — 3
3.3 FREH 5 K HE X R R 42 A AU
Al

+ 398 G WL 2 NaHCO,—Po F1 NaOH-Po Z Fi1,
TE A ML A ROE b, —BERIA S 45
AU R E, VEYIMET ORI L, A oE %
WY, AN R P RS
ER, B SCH B e FREEAR, W B
PIAT WL ORI, 38 o] LLGE i A7 DLek a9 i 1k AR
R TCHLBEBAEY) WAL, Bowman 55 2 WL,
FH NaHCO, #2578 MLEE FICHLEE 2 F1-5 HE 4 W i
ARG IEA . A I, 5K A A
PLBEB IR/, A 5% 38 I Z24F Jt A AL AT B
RIS IBES E , HUS R E K E
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Effects of livestock wastewater irrigation on phosphorus forms content in different soil layers

YANG Huan-huan', DU Jun'", LIU Hong-enz*, YANG Zhan-pingl, HE Ai-ling1 (1. Institute of Plant Nutrition and
Resource Environment, Henan Academy of Agricultural Sciences/ Henan Provincial Key Laboratory of Soil Pollution Control
and Remediation, Zhengzhou Henan 450002; 2. College of Resources and Environment, Henan Agricultural University,
Zhengzhou Henan 450002 )

Abstract: In this study, the soil phosphorus fractions were classified by continuous extraction method for soils collected from
the livestock farm wastewater irrigation and conventional fresh water irrigation farmlands in different soil depths. The content of
each phosphorus form in different soil layers under livestock wastewater and fresh water irrigation was analyzed and compared.

The distribution and transformation characteristics of soil phosphorus form were analyzed. Results showed
that the contents of water-soluble-Pi and NaHCO;-Pi in each soil layer after irrigation with livestock wastewater
significantly increased compared with those with fresh water, and the proportion of the sum of water-soluble-
Pi and NaHCO-Pi (active phosphorus ) in the soil layer of 0 ~ 20 c¢m increased by 15.03 percentage points.

Livestock wastewater irrigation also significantly increased the content of NaOH-Pi in 0 ~ 20 and 20 ~ 40 cm soil layers,
but the increase of the active phosphorus content in each soil layer was significantly higher than that of NaOH-Pi, indicating
that livestock wastewater irrigation significantly impacted the active phosphorus. At the same time, the proportion of HCI-Pi,
organic phosphorus, and residual-P in total phosphorus in each soil layer decreased, thus reducing the fixation of phosphorus.

Results all showed that the content of soil available phosphorus form increased after livestock wastewater irrigation, which was
of great significance for the growth and development of wheat.

Key words: livestock wastewater; irrigation; soil layer; phosphorus forms; phosphorus fractionation
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