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Efﬁcts of Long Term Appllcatlop of Chemlcal Fertlllzers and Organic Fertilizers

on Heavy Metals and Their Avallablhty in Reddish Paddy Soil
XTA Wen—pan, ZHANG Li-fang, LIU Zeng-bing, ZHANG Wen-xue, LAN Xian-jin, LIU Xiu-mei, LIU Jia, LIU
Guang-rong ", LI Zu-zhang, WANG Ping

(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)

Abstract: To investigate the effects of long-term fertilization on the accumulation and availability of heavy metals in reddish paddy soil
and to analyze the major influencing factors, soil samples were collected after the later rice was harvested in 2018 from a long-term
fertilization field experiment that began in 1984. Six treatments were selected, namely CK ( control without fertilization) , PK (P and K
fertilizer) , and NPK (N, P, and K fertilizer) , and different proportions of organic fertilizer plus chemical fertilizer (MINPK: 30% M
+70% NPK; M2NPK: 50% M +50% NPK; and M3NPK: 70% M + 30% NPK) , soil chemical properties, total and available heavy
metal contents, and the relationships between the available forms of heavy metals and soil chemical parameters and total heavy metals
(THM) were analyzed. The results showed that (D long-term fertilization changed the soil chemical properties; compared with those of
CK, PK significantly increased the contents of soil available phosphorus ( AP) and available potassium ( AK), NPK significantly
increased the soil organic matter ( SOM ), cation exchange capacity (CEC), AP, and AK, and the organic fertilizer treatments
significantly increased the contents of SOM, CEC, AP, AK, and nitrate (NO; -N). 2 There were slight variations in the THM
contents under the chemical fertilizer treatments (PK and NPK) , whereas the organic fertilizer treatments significantly increased the
total contents of Cu, Zn, and Cd. @ The chemical fertilizer treatments significantly increased the available Cr and As, whereas the
organic fertilizer treatments significantly increased the available Cu, Zn, Cr, Cd, As, and Fe. @ There were significant positive
correlations between the available Cu, Zn, Cr, Cd, As, and Fe and the SOM, CEC, AP, and NO; -N. In addition, the available Zn

and Cd were significantly positively correlated with the soil pH, whereas the available Pb was significantly negatively correlated with soil
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pH, SOM, CEC, and NO; -N. (3 There were significant positive correlations between the available and total contents of Cu, Zn, and

Cd, whereas there were significant negative correlations between the available and total contents of Cr and Fe. © Redundancy analysis
showed that SOM and pH accounted for 80. 7% and 5. 5% of the variation in THM, whereas the soil CEC, AP, and pH accounted for
81.1%, 4.9%, and 3. 3% of the variation in the available heavy metals, respectively. (D) The partial least squares path model analysis
showed that the path coefficients of the THM, CEC, and AP on the available state of heavy metals were 0.459, 0.417, and 0. 293,

respectively. Long-term application of organic manure, such as pig manure, significantly improved the soil chemical properties and

affected the availability of heavy metals, and soil CEC and AP may play key roles in regulation.

Key words: long-term fertilization; reddish paddy soil; heavy metals; availability; PLS-PM analysis
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Table 1~ Annual total.amount of fertilizers for different tréatments
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Table 2 Soil chemical properties under long-term fertilizations

THAPUR PR A A AR (GRS AR

b3 pH (SOMm) (CEC) (AP) (AK) (NO; -N) (NH{ -N)

/gkg! /cmol -kg ™! /mg-kg ™! /mg-kg ™! /mg-kg ™! /mg-kg !
CK 5.71 £0.30 ab  37.3+3.42a  6.68+0.36a 5.73+2.78a 60.7+2.94a 1.55+0.34 a 8.13£3.65a
PK 5.72£0.29 ab  39.5+1.44a 7.18+0.09ab 48.5x1l.1¢ 115.7+7.45d 1.50+0.71 a 7.19 £0.64 a
NPK 5.17+0.30 2  44.4+3.22b  7.57+0.50b 25.4+12.4b 71.5+£4.10b  2.25+0.36 a 4.80+0.85 a
MINPK 5.58£0.14 ab  49.7+2.22 ¢  8.79£0.33¢ 55.0%9.13cd 75.2+2.17b 6.87x1.18b 8.26+0.84 a
M2NPK 5.82+0.38ab 53.3%1.20c  9.81x0.65d 55.8%2.10cd 71.0%4.93b  6.84x0.95b 8.20%2.97 a
M3NPK 6.05+0.65b 58.4x0.58d 11.3x0.65e¢ 66.3+2.29d 84.0x2.75¢ 16.4+0.56 ¢ 6.87+1.32 a
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Table 3 Proportion of soil available heavy metals to total contents under long-term fertilization/ %

Jb B Cu 7n Cr Pb Cd As Hg Fe Mn

CK 24.94 +£1.71 5.91+0.60 0.28 £0.08 16.56 +4.80 40.51 +7.72 0.28 +0.12 0.50+0.10 1.20+0.47 14.67 +5.99

PK 32.61+4.92 7.97+1.00 0.65+0.19 18.19+3.83 41.38+4.93 1.49£0.38 0.44 +0.03 2.03+0.20 17.57 £4.15

NPK 30.08 £5.20 7.59 +0.85 0.71£0.12 21.64 +4.33 36.46 £2.85 1.51+0.38 0.72+0.17 1.80=+0.20 15.65 +6.09
MINPK ~ 34.58 +£2.92 15.64 £0.51 0.88 +£0.09 19.61 +4.17 40.49 +3.70 2.02+0.49 0.74£0.10 2.83 +0.34 15.56 +2.37
M2NPK  35.30 £0.95 20.19 +1.43 0.76 £0.15 11.86 +2.86 40.34 +7.98 2.07 £0.69 0.56 +0.09 2.66 +0.44 16.69 +4.37
M3NPK  39.11 +4.98 25.98 £2.96 0.85+0.26 5.80+1.62 41.95+1.05 2.39+0.61 0.53+0.07 2.77+0.42 13.38+2.72

1) BIAFERRE CK HHEL2E R B35 (P <0.05)
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Ece ik EPS e

HIEALE Cu, Zn, Cr, Cd, As, Fe 5 SOM
CEC, AP, NO; -N& & Z [A] 1 1 3 EAHOC, 75
A Zn, Cd A5 138 pH & 8 EAOC, A RS
Pb 5+ pH, SOM, CEC FINO; -N& 2 ] & i

A, AR Hg A1 Mn 5 354k 2548 b5 22 6] 4
KA E, H 3 AK FINH, -N 5% 5 4 8 A 308
ZIAFHSCHEA B[ K 2(a) ].
+3E Cu, Zn Ml Cd BRESH
TEAESE T Cr A1 Fe B RS
G, AR E SR ABE S

A 6]
i e A 2 17
w5 i Z ARG E AN
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Fig. 2 Correlations between available heavy metals and soil chemical properties and total heavy metals
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