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Academy of Agricultural Sciences, Nanjing 210014, China)
Abstract:  Objective Pig is one of the most farmed breeds in China. In 2020, there were 406.50 million pigs in China and 41.13
million tons of pork were produced. Meanwhile, hundreds of thousands of tons of pig slurry and manure were produced during
pig breeding in China. Many nutrient elements needed for crop growth are available in pig slurry, such as nitrogen, phosphorus,
amino acids, trace elements, etc. Returning pig slurry to the field is one of the best ways for its utilization. To solve the problem
of pig slurry application on farmland, studies are required to determine the optimal amount of pig slurry needed for the
application and reduce the possible environmental risks which are associated with pig slurry application.  Method The
experiments were carried out in a self-made soil column with a volume of 42.41 L and were designed with 7 treatments, including
no fertilization (CK), 50% (50%W), 100% (100%W), 200% (200%W), and 300% (300%W) replacement of chemical nitrogen
fertilizer by pig slurry, 50% replacement of chemical nitrogen fertilizer by pig slurry + 50% chemical nitrogen fertilizer
(50%W+50%C), and 100% chemical nitrogen fertilizer (100%C). The average number of spikes, chlorophyll content, spike and
straw yield, nitrogen and phosphorus content in spikes and straw, and the changes in physico-chemical properties of soil leachate
and the contents of nitrogen, phosphorus and heavy metals were analyzed. ~ Result The results showed that both 50% and 100%
replacement of chemical nitrogen fertilizer by pig slurry could promote the growth of rice and wheat to varying degrees and
increase the yield. However, the difference between treatments was not significant. The excessive application of pig slurry caused
rotten roots and dead seedlings in rice, wild growth in wheat, and increased nitrogen and phosphorus concentration in soil
leachate, which increased the risk of contaminating groundwater, and some indexes even exceeded the standard of Class IV water
in the National Groundwater Quality Standard (GB/T 14848-2017). Also, the massive application of pig slurry caused the
accumulation of Cu, Cd and Pb in the soil whereas Zn content did not increase significantly. The above results indicate that, the
replacement of chemical fertilizer by pig slurry is feasible under appropriate conditions as shown in this experiment.

Conclusion It is suggested that the application amount of pig slurry should not be more than 200% replacement of chemical
nitrogen fertilizer which have a better effect in promoting the growth of rice and wheat, fertilizing the soil and controlling

environmental pollution risk of farmland.

Key words: Rice-wheat rotation system; Pig slurry; Soil quality of farmland; Nitrogen; Soil leachate; Crop yield
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ABTFEEE T REL AR, FESi = 5 F T i
FE T MR R TR B FEK 50% . 100% 51K AL
MR ER, R MAPARE SR . HEBIER
AR PR o L KA B - SR i i R, B A T
Jith P HEAON i 22 A I B A T S Y52 i), oAy
A AR A FOK IR BEHS 1R 5

1 bRk

1.1 iR g4

WK A ZHOSH HE IR, BRI R K
W 3N AEHTER, B RHTIEETZ,
WK FEIEIRI . DB YOKTHIEAZEME, pH N
7.49, COD. TN, #Z% ( NH3-N) Fl TP ¥4

Wk 6600, 8543, 646.6 1 77.25 mgL ', LIJRE
PR AL B (& AR 460 gkg'), LU BERRAS
(P,Os % 82 120 g-kg ' WE WAL , LS ALE( K0
T 627 gkg ) VEMEPAE, koA, i E 24
A2 R A PR A Rl R L . /N SR Rl oR 42 11, K
et Al A B AR 9108, 52560 ] - 43 M ) 22 Ay BB T
FEERAEACH, MEhiE, N ERITHMEAE 20 cm
— AR, FEECE 80 em, BRI L KT
e SRR R A (MR 0~
20 cm 3t 10 Hif, HELLT 20~80 om t3Eid
5 B e BT RT L i e 2 4 DL K &
BrZedn, b e iy LI ml H AR, A 15 om
—A 2 A, B EHEREE R 60 cm, 5
5 FH e AR R WL 1,

F1 KBRATIRBUSE

Table 1 Physico-chemical properties of test soil

. A HLET Organic - -

+ B + /)2 Soil TN TP #il Cu #% Pb B Zn £ Cd
matter pH
Soil type layer/cm /(gkgt) /(gkg') /(mgkg') /(mgkg') /(mgkg') /(pgkg")
/ (gkg!)

g 0~15 17.11 7.85 6.98 5.72 49.58 24.15 353.6 383.9
Yellow brown  15~30 11.98 7.92 1.40 4.92 56.93 24.04 3422 353.0
soil 30~45 8.44 8.07 2.79 3.55 53.33 23.41 290.9 277.1
45~60 8.58 7.98 2.79 2.91 52.10 26.68 516.2 453.6

H: TN, 2%; TP, &8, Note: TN, total nitrogen; TP, total phosphorus.

1.2 KERE

SRR E (4 ) WilktT, hEREC
W (PVC) &HiIVE, HAE 30 cm, A% 80 cm,
THEREE 60 om. REIKHHS M, 210
T — AL AE R, SCEMRT T R AR, 3
PEAR S A AR ] () 25 (B FH FIC 4 R 8B g, 3¢
RS EB N T —HEAK I, R R S AR S Y
MRICAE A H 3B e . L IeE A B, A
A—Z 18, B EEELEEmAS—Z L5, 7
JRA R AR BT, M E N INA B kK,
HERE KA KB HIEENKERARE)S,
5k E N RE T e, FLUE S0 i AR 4 4
BIab TR EARAS b G B UV RE U A () R
1.3 KW H=E

F 2019 4 11 A 21 HIEF/NE, 2020 4E 5 A

20 HHl, A EAERER 8 /T, HEoC 2 BiFhF (F
2 B B A B 226 T3 HR )5 KA F VL5 A8 Alb B2 B
HH, T 202046 A 12 HBAZEEHEN, 11 A5
HSCE], B~ AP 8 AR B (Pl 25 B g A BT 112.5
Tikk ). HHREEAE  GBAE 10 1 A, 7E/NEERE
IKAE R R AT — A A AL, 76 /N2 3T T oK R
T30 it A3 L o

REREFH B AR A Y s S I i e, /NEE: N
210 kg-hm 2, P,05 70 kg-hm 2, K,O 70 kg-hm ?; 7K
% : N 240 kg-hm™2, P,O5 70 kg-hm 2, K,0 90 kg-hm 2,
R 7 NMEHE, S AL XTI (CK), JE
FALAESA 50% (50%W ). 100% ( 100%W ), 200%
(200%W ) F1300% ( 300%W ) FHHEHIREFEK, HE3%
KFHE 910 140, 280, 560 F1 840 t-hm 2, FETF1k
AEVRL 50% FH 2 1955 26 7K +50% R BB 50%W+50%C )
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CK  50%W 100%W 200%W 300%W 50%W-+ 100%C

0,
AbFR Treatment S0%C

(AA6800 A1, By, HA) M.
1.5 HiEAE

SCE R R FH Excel 2016 Ab#, 22 € 2R ] Origin
2017, KA SPSS 24.0 X} SLm B m 47481150
JH XS4 ( Duncan’s ) Hr & W 2275 K50 25 55 0 %
7 (P<0.05 ),
2 4 IR
2.1 MERBEKWNEEERKNOEM
211 XTREEMRSBEEGE N SRR %Y
AR 1. LR, e 58S T /0
HRIREE; B ORI, /N R REEL
BN, 24 IOK RN 300% L IE AR, /Nt
YRR, AR 4.00 A4, It A% 2K W2
HE/NZE S BEAT B AR, e A 38K 14 45 4k 2R TR]
ZSAREE; 5HELIEMAHE, 100%W Fl 50% W+
50%C HYALF/NZE AR IAEEOS A et m, (BAR 3R] 22
SRR KBRS R BN, iR AKE R T K
FERR IR, (H 453K R 300% 0L AT,
IR RE AR IR 200%W A AL B MR, B
Jiti FF 5 35 K 6 K R 4 BEAT — E M RIAE T, X

10
IKFE

Rice

l 1
bc

PR

The average number of spike (Pcs-plant™)

50%W  100%W 200%W 300%W 50%W+ 100%C
0,
AbFR Treatment S0%C

CK

H: CK: XTHE; 50%W: Jiti LR S0%MHE2EK; 100%W: Jiti AL IR 100%89 528K 5 200%W . it AL L 200% (1) 44 25

K5 300%W: it HALAE A 300%B95E 367K 5 50%W+50%C: Tt HIALAL L 50% A% 26K +50% AL AL A ; 100%C: JiH] 100%LAE A . A
H/NG FHREF R AR A HL ] 25 5 W% (P<0.05) , T[A. Note: CK means control; 50%W, 100%W, 200%W and 300%W mean the
replacement percentage of the amount of pig slurry application to chemical nitrogen fertilizer is 50%, 100%, 200% and 300%; 50%W+50%C
means the application amount of 50% pig slurry and 50% chemical nitrogen fertilizer; 100%C means the application amount of 100%

chemical nitrogen fertilizer. Different lowercase letters indicate significant differences between different treatments ( P<0.05) .

Bl A5 RE B AR AL/ A Rk R AR

Fig. 1 The average number of spikes of rice and wheat plants in each treatment
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E/NE MG RAFE; SX AL, Joitis %3
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100%W AbFEJ3 2 = 42.14%F1 16.08%, % B 71 %
RAF TR 38 3% K 5 A0 B0 B it X 42 2K A8 AR KA
AR RO

2.1.2  XPKFER SRR SR AT
SYEEMM SRR R RILE 2, TR, KA
i e A SRR RO AR AL, S
W FOK R ERIE e, S8 2K AR 200% 018 Z B
Sk, FEFOKFHE N 300% 10 N0 & R T AR, 2
100%W . 200%W F1 300%W [H] 22 53 A 2 ; 200%W
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RE b B 2 S B TR, BR S0%W Ab, HiAt
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CK 50%W 100%W 200%W 300%W 50%W+ 100%C
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AbFR Treatment

B2 ASALBKAEI Fr AR R

Fig. 2 Chlorophyll content of rice leaves in each treatment

EROIMVEY A Y R S, KRR RS AT R
T AL B 200%W F1 300%W, L 25 T HAl
AR B, 3 B E — U B P IR 2K B R TR
KRR AR = i, (A S R AS R T 3R 03 ) R e
BB, mBEYKE, X530 SR T 455
—3 . SRR R ARR, AR R R
FEOK RIS, BRI 300%W 1
AbFE, FL )RS 257K R 1 Ak 3 27 A ) 22 S A
W, H 300%W RYERE a2 m T HAAL R,
HE—25 e U B AR /N b - 3 AR W i 5 2K T AR
IEH, (A S KA R TRy M. 5
HUE LB, TCiESE 50%W+50%C B 100%W
AhBE, FE . ZREAAEFE RGN, RUE G
KA HE R A H AR Y A BT RCR B
PHIE] 22 2N 3

*2 BLEKFENEFE

Table 2 Yield of wheat/rice under pig slurry application in each treatment

JK# Rice/ (kg'hm?)
AbFE Treatment

/NA Wheat/ ( kg-hm?)

& Spike FE#F Straw # Spike FE#F Straw

CK 2391 +386e 3604 + 655f 4714 + 1 054¢ 3409 +681c
50%W 5149 + 1 046d 7 455 +1020de 11440 + 6 641ab 5830+2031b
100%W 7 152 + 1 564bc 10 650 + 585¢ 10 160 + 3 921ab 7 036 +2 045b
200%W 11 960 = 4 466a 11590 +5401a 9 934 + 999ab 7185+2162b

300%W 9196 +4 858b 17 980 + 7 964b 10 820 + 2 486a 8360 +950a
50%W+50%C 6 637 +5 32bed 7 656 + 1 745¢cd 7 945 + 1 455abc 5485 + 546bc
100%C 5453 +406cd 6 150 = 734e 6477 +313bc 5115+ 768bc

e FSIAFR/NG FRERRA R B 22 5 3% (P<0.05) . T, Note: Different lowercase letters in the same column indicate

significant differences between different treatments ( P<0.05 ) . The same below.
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TR FH 3 B T A AEG, RIAER it A /K- EARE I FH s
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AR R s, (H T PR R . W R
100% A 15, BIRHE AL ACTET AT E W A 7 fE AR i
vl w51 5] L T 2 e = I 1 w31
TR

2.3 TERBZEKI LESIRAELFENRI
M EIEB B EER (£ 4) WLUENL, S5XF
TEAHEL , M AE SN T 462 i8R B & 1L DL 2 EC.
pH. ERN . b s +HEBuEm pH S n,
B pH 7t IE it Kt A 7 =X a1 I JE B A 5 it
KIS T BB B EC, H EC 533K
HAE I (R=0.980 8), Wittt Fl 3% 28 K 7748
H R Ko bR B SR BAL B RS . HHEB IR TR
TN. NHj-N 1 NOj -N F i 5% 38K 2 E
A RARRRRE MR, (S R S
KR B 1 5C RAZAEW R S gk, B e K
FERIAE T 5505 25K i OB AL, (EE /N Fid
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x3 BUABER/ERERBEHTER. BMEE

Table 3 Nitrogen and phosphorus content of ears of rice and wheat and their straw in each treatment

7K Rice
At Treatment & Spike FEFF Straw JERLF] 2 Fertilizer utilization
TN/ (gkg") TP/ (gkg') TN/ (gkg') TP/ (gkg') TN/% TP/ %
CK 14.01 £ 0.81c 3.20+0.11b 8.11 £ 1.09bc 1.39+£0.21b — —
50%W 16.20 £ 1.02¢ 4.24 + 0.26ab 7.37 +1.38¢c 1.81 + 0.40ab 108.60 83.12
100%W 18.31 = 1.14b 3.63 +1.45a 2.02 +2.42ab 1.89 + 0.42ab 95.05 51.64
200%W 19.14 +0.21b 4.28 +0.19ab 11.30 £ 4.51ab 2.09 + 0.45bc 75.14 42.72
300%W 21.02+1.61a 4.51 £0.28ab 14.78 £ 1.51a 2.11+0.19a 59.61 31.47
50%W+50%C 16.10 £ 0.82¢ 424 +0.21ab 9.71 + 1.78bc 1.71 + 0.20ab 66.43 50.11
100%C 18.30 £ 0.52b 3.89+0.27b 11.30 £ 0.77ab 1.23 +0.07¢ 66.78 39.31
/N3 Wheat
kb P Treatment & Spike T&#F Straw JERLF] 2R Fertilizer utilization
TN/ (gkg') TP/ (gkg') TN/ (gkg') TP/ (gkg') TN/% TP/ %
CK 12.56 + 1.78d 7.08 +0.56¢ 2.18+£0.22d 10.27 + 0.89b — —

50%W 13.78 £2.89d 9.45 +2.42bc 6.21 £2.19¢ 11.01 £ 1.02b 52.49 186.10
100%W 16.02 +2.51cd 7.51 +0.47bc 3.10 £ 0.33bc 12.99 + 1.28b 46.52 104.90
200%W 22.01 £3.50a 9.62 +0.37ab 13.12 + 1.89ab 13.51+0.37b 43.69 55.17
300%W 21.11 £ 1.64ab  11.10+2.03a 18.42 +£0.78a 17.03 £2.70a 28.59 46.84
50%W+50%C 15.43 £0.78cd 8.61 + 0.72abc 10.81 + 1.79bc 5.32+1.47c 41.99 72.40
100%C 18.80 + 3.44bc 8.80 = 0.72abc 11.12 + 2.31bc 6.10£0.61c 40.26 72.72
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x4 BLEIREBIERBLSE

Table 4 Physicochemical properties of soil leachate in each treatment

7K#E Rice
AbFE Treatment
pH EC/ (pS-em™) NH;-N/ (mgL"') NO;-N/ (mgL"') TN/ (mgL™') TP/ (mg-L™")
CK 7.37+0.15ab 605+35¢ 0.14+0.04b 0.08+0.01¢ 0.25+0.02b 0.0339+0.0085b
50%W 7.28+0.14b 786+17¢ 0.25+0.22b 0.20£0.06¢ 0.47+0.01b 0.0413+0.0142b
100%W 7.52+0.15a 1 034+52¢ 0.35+0.15ab 0.42+0.15bc 0.97+0.22b 0.0381+0.0079b
200%W 7.47+0.12ab 1 312+400b 0.46+0.27ab 1.38+1.22ab 7.03+5.77b 0.0691+0.0385ab
300%W 7.44+0.05ab 1 928+560a 0.73+0.38a 5.22+3.87a 25.92+12.80a 0.1079+0.0648a
50%W +50%C 7.33£0.09b 888+102¢ 0.56+0.28ab 0.19+0.05¢ 0.87+0.09b 0.0360+0.0063b
100%C 7.36+0.11ab 784+27c¢ 0.55+0.19ab 0.58+0.41bc 1.29+0.67b 0.0349+0.0125b
/N# Wheat
AbFE Treatment
pH EC/ (pS-em™) NH;-N/ (mgL"') NO;-N/ (mgL') TN/ (mgL?') TP/ (mg-L™")
CK 8.36+0.06d 0.64+0.04¢ 0.90+0.07bcd 0.89+0.06¢ 1.88+0.28¢ 0.0627+0.0058b
50%W 8.47+0.13cd 1.19+0.06de 0.97+0.06¢cd 6.03+0.98cd 7.25+1.23b 0.0733+0.0050b
100%W 8.65+0.06ab 1.75+0.11¢ 0.70+0.13d 9.98+2.04b 11.60+0.38b 0.0792+0.0236b
200%W 8.54+0.08bc 4.13+0.51b 1.03+0.10bc 20.67+1.84a 37.58+6.39a 0.0556+0.0128b
300%W 8.52+0.14bc 4.78+0.65a 1.40+0.28a 20.62+3.77a 38.22+5.04a 0.0697+0.0071b
50%W +50%C 8.74+0.08a 1.36+0.22cd 1.13+0.30b 4.33+3.08d 5.55+3.43bc 0.1104+0.0519a
100%C 8.55+0.11bc 1.40+0.17cd 1.01+0.21bc 8.03+1.39bc 9.56+2.19b 0.0568+0.0319b

k> TR R AR KA KU, (H AR/ NS A P A
FESE N+ B IR AR & = AU

% FEZArME (GB/T 14848-2017 ) PR3, L)
BEATERASH, BREIOKHEN 300%LIEA
W, HHEBIERUKRIE TIVIK; UMSRNSEH
I, MBI 300% AR, KRS 05 ik
BOK R T MK, NE LB IER KRS TIVE
Ko HHEBIET P B ERAL, £ GB/T 14848-
2017 H AR X B S A T, O A P IR A X
fiX, BTRKRWEMAHIKETSE, g
KW, S 2 AKAFAE TS5 Y i R AU, , L RURS: 2
JE 553K R IR e s 260 R 2K e, 75 A%
BHEFA R, AR A T IOK R
Tl 7E 200% LB Z LT o
24 MERABZEKINKRETERENZM

MR G £ )2 R MR (£ 5)WTLE
K AR, TN, TP ME4SE (Cu,
Pb. Zn fl Cd) & &E¥EAE TR KA, 5K
L, BHEAPLRA TN &84 F R, 2S a5k

CK AM¥38 7, Bk Zn LASMNAY 3 FhEE 4 )8 45 AN TR
FEEEM RS, Zn & JORH B AL . 5050 AT AH H
CK +IHEA ML . TN Il TP &1 B EHAL, :d
JEEEI TR (FTRFESELSREMISA L), Zn
BT IR R, Hofth 3 M 2R AR %, K
FE AN Jiti BB 2% 42 N ol A A 4 3 A 3 b g B SR
Me; 5 CK A, AR T H3Ea HLE KA .
B, HES®ESEIKHEZIEML, HH
KN 300% LB AN HIEA DL . &, S
R, 9 11,18, 8.24 Fll 24.74 g-kg ™', FM
Bt it A 2% K T R - AR 7 5 AR AR B T - Cu
Pb Fl Cd &, JUHE Cu & St A 5B T
IEMERR, R A E S R LR
Y5 YL iy XU, (XS Zn & R 300 0] WA
XA EES Zn bGP BAT BOR KB HERLE S
Ak St AEAH E, G ok R A 2 KOG $i
1o AT ML AU A AR, (b
] £ %A EE (P>0.05), %F+HEH4E S EILH
B
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Table 5 Effect of pig slurry application on soil quality of farmland
AR TN TP Cu Pb Zn cd

AL FE Treatment
/ (gkg!) / (gkgt) / (gkgt) / (mgkg™) / (mgkg™) / (mgkg™) / (mg'kg™)
oA 17.11£0.41a 6.98+1.03a 57240.21b  49.58+1.36c  24.15£1.51b  353.6+16.30a  0.38+0.0la
CK 7.86+0.65¢ 3244032 a 4.92+0.33b 47.79+1.53¢ 24.09+1.25b 302.2+32.14a 0.32+0.03a
50%W 8.32+0.55bc 5.70+1.09 a 7.76+0.90b 60.91+3.55bc  31.93+£0.76ab  310.7+84.02a 0.41+0.06a
100%W 9.69+1.39bc 5.03+1.64 a 11.12+1.21b 66.98+2.61b 33.49+2.58a 424.7+108.7a 0.53£0.11a
200%W 10.33+1.10bc 6.91+3.74a 24.41+8.02a 86.40+5.93a 30.0943.19ab  265.7+31.98a 0.43+0.02a
300%W 11.18+1.05b 8.24+5.83a 24.74+2.92a 58.65+4.63bc  33.32+2.40a 352.2425.97a 0.48+0.04a
50%W +50%C 10.31+0.53bc 3.92+1.52a 9.71+0.71b 54.96+1.87c 26.86+2.12ab  359.5+81.04a 0.44+0.05a
100%C 8.72+0.88bc 3.81+0.23 a 6.03+0.81b 50.89+0.81c 25.9242.79b 363.1+69.10a 0.41+0.06a

(DOrganic matter, (2Before the experiment.

3 3 ®

3.0 BEKEAZMBEEZLEK

MG PR A E A, S EY T RD A
KERFFEIRIE P, SR, BIOKPR . B
A ML BE AR, HRZ KIS, ot F
FARMEY A K B SR 2E AT RNl . i R 4G
RCKE 2) &, iSRS THEYOCEEN
feJ1, AKFEN R SRR SR WIS, A28 T AR
Ay BE R A A3 BE R AN i AEL R A it A A 34 K 16
AR R S5 2K R IR B2 IEAHDE, KA
/INZE B S BERIUR = 40 ) H AR 200% W T 300% W
(I Ab P, FEBHAE KRG A 1 b i it A% 3K AR F
BB SRR AR, BiEE A
HLAESE I T K RS RL 25 SR TR0, /KA ™ ik b
A OIS s ek BRI, 2
H8 7 0 34 A N A R R - 2 A ORI AR L
RSLE ;AR PR T R RN A A
W& BL; oGP TR I K e AR g & B, 3
TR ZEXT/INZZ P AT IR T AR, AR s i it g 2 4
B AR /N2 188 7= 14 1 [ 355 o 0 A P2 5 J B
T b it R 26 R T RS 22 T4 SRR SR R 1) FF L
B8, IRBGE T Rt m AR RN, (Hid s
G2 T S IR RN i, T A AR
Hiz%ZM, REMEFEE, AHEGRZE,

FRPRL R MR Tk BRI A B, MR
RBEFERT 100%0 52 1041 KRG A F R g &
K, RIORKREE R M4, EHEEF Y
Wit , IHIVEFEIES , XA A6 K RS R v
PZIG . SR, ARG, B ISR
YERI =BT, oo i A 2o 38 0 2= S A HE L Y

ARG, IR & TR &,
wEEm T REEZER A, BEE (F2, £3), XE
HAbRF o P A 8, 4 PR Z B, B
FEAHLARIE I T KRG B RS FF AR TN, TP SRR
s A3 AR R B, it FH A HLAC /N AR
B A A i R 9.6%~12.8%.
3.2 BEKEAZMARKELIERS

Jiti FF A% 2% T A R B 4% R 1, 2
TN 30 R LR K6 P BLAR D2 TP, 4%
VR R A, AR R - R B RN S
P EEARP ALY . A B S RE T E2E,
WA GRS il PR 2K I LR R P 25 At
TR (FS)MTF, £ LA PLTA TN & &
Praa oy MR, it R 2K 0 A 3R B i B /N T
ML AR AL EE, HAEFOK RS 8P TN
FrE FRRIE R R L. PRSI R B, —
W RE B 3 3 PR K HE I TE 53 I T R -4 TN, TP,
A E AN & &, KBRS T8
B AR S R, MR IR A EN RS
QURERTE (Y R
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Jit FF 5 288 A A M A v 5 A A g £ [T R
W — RPN R BT M8, FFAEP AN, +
BTN SRS R KSR S EA —E M
Kk, g3 MRS T i h A S, |
W T 1 N KSR A AR R XS BRiese 5t
o B, I5KBEMI T LEWER G, 77F
1YL R OK RS . A, AR ARG, 2R
{18 R il FH A B S K R R A ML ZROK K
s B, RERERNBEEZRIEHRRE . v
g WM Mg, Bakhsh ZEPOWFSE R, 7EEK
SKE RS, it WS 2 MR K SR L3 fin
JAURSE o FE KRG AR 7= v, Skt FH A 205 m T RS TN
TP WK | AR R, mdis R TR aE S
i 2 K 75 G AR KK R AR

JSEARPFALHAT T —4F, (H+HE Cu. Pb Al
Cd SR, Wi KAAESRAE L
HERL B KBS o BB T A 2K T SR B TR K
L, % B ARG 25K i e v 1 SR 123 Cu Zn
it (P<0.05), JFMEZEK 11 45 5 4 k2
Cu & AL AL 13 12 7 82.4%F1 94.5%, Zn
B RS 116.5%F1 145.5% , 75 5 K Hi 4 AH
(45 L 5 s BTN Ry, K0t FH A 2% 9 350 4 Cu,
Zn {544 MIOTRESPIRGE R B, KI5 268
SFEER (As) R

4 % ik

TEABISERIET , BRI TR A A vl AT
(1, FEAE M S FOKEROE L, FE R
KTERROK R 200% L IEEURT ik ey, {Had it
AR, AFITHE™ il A K E s TR bk
PORER . REAIRS AT R R, W A HUT IR
RKPUK | P TR AR, I R P
THEB ISR PR BRI T TR NERE U
FAAETT R AKX o Tl B AR AR | $2
e VR B B ROR (B i AT Qe T 7K e
AT e G Jm B AR, s RS O E . 78
REAE A, HBUEZOK AT 200%LHEE LI, H
ORI, FREAREREE TS e MUK .
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