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Effects of heavy metal within organic fertilizers on the microbial community metabolic profile of a vegetable
soil after land application
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Management Bureau of Ningbo, Ningbo 315012, China; 3.Agriculture and Forestry Bureau of Yinzhou District, Ningbo 315100, China; 4.A-

gricultural Monitoring Center of Cixi City, Ningbo 315310, China)

Abstract: This study investigated the effect of heavy metals in organic fertilizer on the metabolic characteristics of soil microbial community
on the basis of a vegetable fertilization experiment, which was carried out in Zhanggi Town, Cixi City. Vegetable planting and fertilization
were performed twice each year. Three fertilization treatments were included: CK treatment with no fertilizer; T1 treatment with a manure
fertilizer having heavy metal levels within the safe limit set by China; T2 treatment with a manure fertilizer having an increased level of Pb,
As, Cu and Zn. After two years, soil physic-chemical properties, soil heavy metals and metabolic characteristic of soil microbial community
were measured by using both conventional soil analysis method and MicroRESP™ technology. Results indicated that both T1 and T2 signifi—
cantly increased the soil content of organic matter, available phosphorus and available potassium. Although there is insignificant difference
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in soil physic-chemical properties between T1 and T2, T2 had significantly higher contents of total Cu, total Zn, available Cu, available Zn

and available As in soil. Microbial community metabolic profile analysis based on the MicroRESP™ method showed that T1 significantly en—
hanced the basal respiration and the functional diversity of microbial community in soil; but T2 did not show similar enhancement. Thus, the
increased level of Cu, Zn and available As in T2 soil might reduce the positive effect of nutrients within manure on soil microbial communi-
ty. Principle component analysis and cluster analysis results further showed that the community level physiological profile (CLPP) in T1 soil
was apparently different from that in T2 soil. The highly accumulated heavy metals and their increased availability in T2 soil enhanced the
utilization of citric acid, malic acid and oxalic acid in soil. In conclusion, the effect of manure fertilizer on the metabolic function of soil mi-
crobial community was related to both manure nutrients and its residual heavy metal. The application of manure fertilizer with excessive

residual heavy metal would change the effect of manure nutrients on soil microbial community.

Keywords: livestock manure; organic fertilizer; vegetable soil; heavy metal; soil microbial community function
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Table 1 The basal physic-chemical properties and heavy metal
contents of soil samples from different fertilization treatments

Jb3 CK T1 T2
pH 8.20a 8.04a 8.14a
EC/uS-cm™ 133.33a 169.33a 125.33a
25 1g-kg 0.53a 0.55a 0.52a
AHHLFEg kg™ 9.29b 9.76a 9.86a
R Img - kg™ 13.45b 21.07a 29.59
R Img - kg™ 97.67b 150.50a 138.83a
4> Cu/mg-kg™* 11.43b 10.13b 14.14a
4 Znimg-kg™ 55.51b 60.27b 67.39
4 Pb/mg-kg™ 17.99a 16.31a 18.34a
4> Asimg-kg™ 5.62a 6.44a 5.07a
AR Culmg-kg™? 4.10b 3.91b 5.53a
R4S Zn/mg kg™ 1.06¢ 1.76b 2.81a
BHRZS Pbimg-kg™ 1.25a 1.25a 1.31a
BRUGS Asimg-kg™ 0.13b 0.15b 0.20a

T AR FBE R84 28] 22 57 1 3% (P<0.05,n=3).,
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Figure 1 Effects of different fertilization treatments on the soil
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Table 2 Diversity indices of soil microbial metabolism in vegetable
soil based on MicroResp™ analysis

ML S HAE YRR R B DTG , — BOR UL, P FlE 4
RIS MATEE MR E T, HA Y TR AR ™,
Ghosh IR S IESL, AR As i - SERCR IR IR A4 40 1
LR T4x As, R T2 Ab PRl ok 0 L34 2L As %
R E AR /N, HATRERE T2 5 T1 23k

Shannon 5%k YIS EEFR AL Simpson $5 %

ik (H") Evenness(E) (D)

CK 2.19b 0.79b 0.85ab
Tl 2.36a 0.85a 0.87a
T2 2.15b 0.77b 0.84b

T AN RN B AL P ) 22 5 25 (P<0.05)
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Figure 2 Differences in soil microbial community structure among
different fertilization treatments based on principle component
analysis and cluster analysis of the substrate-induced respiration
data from MicroRESP™ analysis
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Figure 3 The 15 substrate-induced respirations in different soil treatments
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