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Effects of long—term application of pig manure and chemical fertilizers on soil Cu, Zn, and Cd contents and
their availability in paddy soil

ZHANG Lifang', XIA Wenjian'"", ZHANG Wenxue', LIU Xiumei', LI Zuzhang', LIU Guangrong™

(1. Institute of Soil Fertilizer and Resource Environment, Jiangxi Academy of Agricultural Sciences /National Engineering and Technology
Research Center for Red Soil Improvement/ Yichun Scientific Observing and Experimental Station of Agro—Environment, Nanchang
330200, China; 2. Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China)

Abstract: This study investigated the effects of long—term application of pig manure and chemical fertilizers on paddy soil in a field
experiment that started in 1984. The total and available contents of soil copper (Cu), zinc (Zn), cadmium (Cd), soil physicochemical

properties, grain yields, and their relationships were analyzed. The treatments included CK (control, no fertilizer), PK (chemical fertilizer P

and K), NK (chemical fertilizer N and K), NP (chemical fertilizer N and P), NPK (chemical fertilizer N, P and K), and different
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proportions of pig manure plus chemical fertilizer (MINPK, 30% manure + 70%NPK; M2NPK, 50% manure + 50%NPK; M3NPK, 70%

manure + 30%NPK). The results showed that compared with CK, pig manure treatments significantly increased the total and available

contents of Cu, Zn, and Cd by 134%~239%, 57%~124%, and 58%~171%, and 191%~380%, 285%~811%, and 61%~184%, respectively,

and also significantly increased the soil organic matter(SOM), cation exchange capacity (CEC), total nitrogen (TN), total phosphorus (TP),
alkali hydrolyzed nitrogen (AN ), and available phosphorus (AP); however, the effects of chemical fertilizer treatments were not significant.
Redundancy analysis (RDA) revealed that the soil TN, CEC, and AP accounted for 89.1%, 6.4%, and 2.0% of the variation in heavy
metals, respectively, in pig manure treatments, whereas pH and TP accounted for 45.0% and 22.2% of the variance variation in heavy
metals, respectively in chemical fertilizer treatments. Partial least squares path model (PLS—-PM) analysis showed that the contribution of
pig manure on the availability of heavy metals was much greater than that of chemical fertilizers. The availability of heavy metals was
mainly affected by total heavy metals (THM) and CEC, and the path coefficients were 0.621 7 and 0.295 3, respectively. There was a
significant positive correlation between heavy metals and soil physicochemical properties in pig manure treatments because of a
homologous relationship, whereas the relationship among chemical fertilizer treatments was mainly affected by rice growth and harvest. This

study indicated that when pig manure was used to improve soil fertility, long—term fertilization affected the availability of heavy metals by

regulating soil physicochemical properties; hence, more attention should be paid to the risk of heavy metal accumulation in soils.

Keywords: long—term fertilization; reddish paddy soil; Cu; Zn; Cd; availability; partial least squares path model (PLS—PM) analysis
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K2 A7 56 T 1984 = FF 4R, 25 7 T VTV
B AN B2 B iR 6 (28°34 N, 115°56' E) , 1% X,
WAL T O A R R 25 m, AR AR 17.5 °CL T
TR 280 d, FEFE 2 1 600 mm, 38 45 DU 20 B 41
BRBE PR H . a5 AT R 2 LA AR
Bk pH 6.5, ALK 25.6 g-kg!, &R 1.36 g-kg', 4
fifk 0.49 g-kg , AN 240 mg - kg™, HALA 81.6 mg -+
kg™, BEALHE 20.8 mg - kg, SALH 35.0 mg- kg, B
Tt (CEC)7.54 cmol -kg™' . 43R )2 -3 Cu .
Zn .Cd W58 5 47.0.115.0.171 mg-kg™' ),
1.2 iR¥&i& It

K5 7 R 8 8 A AR B, 430 K < AN it
(CK) JJit BB AL (PK) it FH 2V AR IE (NKO it FH
RWEALIE (NP) i I & 5 B A6 IE (NPK) L 70% 16 1E +
30% A #L L (MINPK) | 50% 4k JIE + 50% # #LJE
(M2NPK) ,30% fL A +70% A5 HLAE (M3NPK) . {56 X
AR AR - AR - A< PR, /N X TR 33.3 m?,
KU S Sy B8, b ST HEVE o WLORE 2Rl 46N 150 kg -
hm, B8 25 it FH 200 N 180 kg » hm ™, 75 1 A 2= 4%
Jiti P.0s 60 kg« hm™ K,0 150 kg-hm™, 45403 AE R}
EEILER 1o MRS RN : BN PR 2 B AE 3 R
55 (55 Py0s 12%) , BIE S AL B (55 Ko0 60%) , #4174
EINAE . AU BRI E =0 A s,
5 K K2 85% ,N 0.45% P05 0.19% . K>0 0.6% ; %%
P KR Y 88%,N 0.3% . P,05 0.08% . K>0 0.23%.
FiFEH CuZn .Cd & 84320 110.280.0.27 mg-kg ™,
LR W34 1.3.3.8.0.04 mg-kg, JRE H 351 K
0.13.2.31.0 mg- kg, A AL B 7393 - 1.31.5.80.0
mg- kg™, i BERRES 391 8 5.80.22.80.0.33 mg-kg '

BEAE AN HLAE S VE LA , I8 50% 1R IENE \25% 1E 43
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FNFT2G55 H 45 PR it 55 24 1 > 15 A ]
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IR0 HOHE A Excel 2016 JE17 83 48312047
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H SOM TN TP AN Fl AP #4J 5, T 4 J& 4= (THM ) i
S (TCu) A58 (TZn) IR (TCO) M Y, , BB A
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F1 FERBAES ERR RS AR (kg-hm™?)

Table 1 Annual application rates of fertilizer net nutrients for different treatments (kg+hm™)

i %3 Pig manure 22 7 Milk vetch JRZ Urea T R ES A
Treatment (mx mesos: mxso) (mx i meaos: mx,o) (N) Superphosphate(P,05) Potassium chloride(K,0)
CK 0 0 0 0 0
PK 0 0 0 120 300
NK 0 0 330 0 300
NP 0 0 330 120 0
NPK 0 0 330 120 300
MINPK 54:23:72 44:12:34 232 85 194
M2NPK 90:38:120 74:20:57 165 62 123
M3NPK 126:53:168 104:28:80 100 40 71

1% WHART]
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Figure 1 Total and available contents of Cu,Zn and Cd in reddish

paddy soil under long—term fertilization

1 506% , NPK 4k 3 + 32 TP, AN Fl AP 20 Bl 32 & T
103% .29% 1 343% , Y433k . % K. 5 CKFMBAEAL
FRAH B, H 0t TR 26 W 2 4 v 1 AR KA R
2018 4F CK AbFR/K A A 7 5t 24 7 044 kg - hm ™, JF FEAL
FEOM 12 060~12 488 kg-hm™, H CKHZE R T 71%~77%;
Ak B &b P (PK \NK . NP A1 NPK) 7K £ 7= 5l 8 226~
11569 kg-hm™?, b CK#& 5 T 17%~64%

18 o 3 B A T AY heatmap 2R3 H1 (K 2) &
B, A [R] e JE Ak 2R AT R 43 S PR S AR IE K CK Ak B

WWW.Qes.019.CN




NEs! 1948 UAlE Rt Y F 4155 9H
F2 KEAMEREXT + R {0 4 AN 7= = 1 #0
Table 2 Soil physiochemical properties and grain yield under long—term fertilizations

ghm i%ﬁm@ 55%?3??@% %ﬁ X0 ﬁ’ﬂlﬁ ' AL ﬁ*ﬁfﬁi
Treatment pH Soil organic Cation exchange  Total nitrogen/ Total phosphorus/ Alkali hydrolyzed Available phosphorus/ Grain yield/

matter/(g-kg™) capacity/(cmol-kg")  (g-kg™) (g-kg™) nitrogen/(mg-kg™") (mg-kg™) (kg+hm™)

CK 5.71£0.30ab  37.34+3.42¢ 6.68+0.36d 1.85+0.11¢ 0.69+0.05f 114.52+18.34d 5.73+2.78d 7 044+143f
PK 5.72+0.29ab  39.46+1.44de 7.18+0.09d 1.99+0.27be 1.65+0.11d 126.76+8.48cd 48.53+11.10b 8 226+304e
NK 5.73+0.50ab  43.16+4.53cd 6.79+0.39d 2.18+0.13b 0.65+0.02f 130.18+19.99¢d 3.51+0.32d 10 467+378¢
NP 5.45+0.20ab 41.51+1.35cde 7.35+0.56d 2.13+0.14b 1.50+0.11de 142.91+8.97cd 34.72+4.92¢ 9 537+100d
NPK 5.17+£0.30b  44.36+3.22¢ 7.57+0.50d 2.04+0.09be 1.40+0.07e 147.80+19.99¢ 25.37+12.38¢ 11 569+277h
MINPK 5.58+0.14ab  49.70+2.22b 8.79+0.33¢ 2.84+0.17a 2.13+0.10¢ 199.19+19.72h 55.00+9.13ab 12 271+212a
M2NPK  5.82+0.38ab  53.32+1.20b 9.81+0.65b 2.89+0.12a 2.40+0.20b 193.81+21.63b 55.78+2.10ab 12 060+293a
M3NPK  6.05+0.65a  58.38+0.58a 11.31+0.65a 3.08+0.05a 3.18+0.21a 233.94+10.31a 66.31+2.29a 12 488+146a

T B AP I AR E2E (n=3) o AN [ 5Bl 7R Ak LR 22 53 0. 35 (P<0.05)

Note: Data are means + standard deviation(n=3). Different lowercase letters indicate significant differences among different treatments (P<0.05).
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Figure 2 Cluster heatmap of the physiochemical properties of

paddy soil under long—term fertilization
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Figure 3 Correlation between soil Cu,Zn, Cd and soil

physiochemical properties
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Table 3 Stepwise regression models for available contents of Cu,

Zn and Cd with soil physiochemical properties and grain yields

Jb T A Il )1y 7

. . R n P
Treatment group Regression equation
prpi ACu=1.5080M-56.21 0.930 12 <0.001
Pig manure group 7,5 190EC+9.04TP-46.58  0.973 12 <0.001
ACd=0.082TP-0.055 0.903 12 <0.001
ksl ACu=2.99CEC-0.43pH-5.05x  0.831 15 <0.001
Chemical 10*GY+15.22
fertilizer group AZn=0.0354P+3.80 0507 15 0.002
ACd=4.09x10"*AP-3.86x 0.501 15 0.006
10°GY+0.10
AR ACu=3.21CEC+0.12AN-7.32x 0975 24 <0.001
Total treatment 10*GY-24.15
group AZn=17.74CEC-50.06 0.932 24 <0.001

ACd=0.015CEC+0.0287P-0.062 0.830 24 <0.001
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Figure 5 Directed graph of partial least squares path model (PLS—-PM) on the effect of soil available heavy metals

under long—term fertilization
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Table 4 Indirect effect coefficient of long—term fertilization on soil heavy metal availability through different parameters

bS] - FH =g s SRR ABE AR H4e R A Gt

Fertilizer type H Cation exchange capacity ~ Soil C,N, and P Grain yield Total content of heavy metal Sum
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