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Reliefs the Exposure Stress of Soils Arsenic on Brassica campestris L. Growth and Its Possible Mechanisms by
Inoculation of Trichoderma asperellum SM-12F1

ZHANG Hong-xiang, LI Li—juan, ZENG Xi-bai, BAI Ling—yu, SHAN Hong, WANG Ya-nan, WU Cui-xia, SU Shi-ming"

(Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences/Key Laboratory of Agro—
Environment, Ministry of Agriculture, Beijing 100081, China )

Abstract: The over—accumulation of arsenic(As) in agricultural soils affects crop growth. Subsequently, the accumulated As can pose risk to
human health via food—chain. It is urgent to develop technologies to relief the As exposure stress on crop growth and lower the As uptake by
crop. In this study, Trichoderma asperellum SM—12F1, capable of As resistance and speciation transformation was used as experimental
material. Pot experiments were conducted to investigate the effects of inoculation on the growth of Brassica campestris L. in As—contaminated
soils. The possible mechanisms of inoculation relieving As exposure stress and lowering As uptake were revealed. The results indicated that
the growth of Brassica campestris L. was significantly inhibited in soils spiked with As of 120 mg-kg™. Inoculation could significantly improve
the growth of Brassica campestris L. and significantly decreased the As uptake and bioconcentration factor(BCF) of Brassica campestris L.
Compared with As—contaminated soils without inoculation, the As contents in the over— and under—ground part of Brassica campestris L.
declined by 12.4% and 20.2%, respectively, and the BCF declined by 7.8%. Soil available As contents decreased by 15.7% after inoculation.
Methylarsonic acid(MMA ) and dimethylarsinic acid (DMA ) were detected in water extraction of soil and the shoot of Brassica campestris L.
tissues, which indicated that inoculation could trigger soil As methylation and decrease soil As availability and toxicity. Furthermore,

inoculation could effectively relief the As exposure stress on Brassica campestris L. growth by the response of antioxidant enzymes. The
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enzymes in Brassica campestris L. such as superoxide dismutase (SOD) and catalase (CAT), and the contents of glutathione (GSH ),

ascorbic acid(AsA ) and malondialdehyde (MDA ), capable of reactive oxygen elimination, significantly enhanced during soil As exposure.

However, inoculation lessened the activities or contents of SOD, CAT, GSH, and MDA in Brassica campestris L.. These observations will

provide materials and technical reference for the future safe utilization and risk control of As—contaminated soils.

Keywords: arsenic stress; Brassica campestris L.; T. asperellum SM—-12F1; arsenic speciation; antioxidant enzyme
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Table 1 The physicochemical properties of experimental soil

LisalllEig 7 Krigh 5 (n=3)

pH 5.95+0.02

T & (N )/mg - kg™ 42+0.91
5505 (P)/mg kg™ 0.42+0.01
P (K)/mg- kg™ 72.31.01
EHE(N)/g ke 0.63+0.01
2 (P)/g-kg 0.29+0.01
2 (K)/g kg 15.1£0.62
HHLF/g kg 7.16£0.08
BHES 722 et /emol - kg™ 10.3+0.07
%408 (Fe ) /mg kg™ 19.8+0.74
H 3 (Mn )/mg kg 31.240.69
TEPERR (ALO, ) g kg 3.710.01
Hf/mg kg™ 9.9+0.03
BRUSM/mg kg™ 0.4120.01
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Table 2 The heights and biomass weights of Brassica campestris L. in As—contaminated soils inoculated with T. asperellum SM—-12F1

e T . E S
fif /g TH/g ff /g TH/g
CK 14.34+0.49b 54.12+1.33b 4.92+0.12b 3.00+0.07b 0.27+0.01b
AS 11.27+0.24¢ 39.92+1.07¢ 3.99+0.11¢ 2.22+0.06¢ 0.20+0.01¢
AS+CH 17.71+0.39a 72.59+2.34a 5.39+0.17a 4.53+0.15a 0.41+0.01a

T : RS RV NG TR FALBELE P<0.05 K P2 3. T,

Note: The different lowercase letters indicate significant difference among different treatments( P<0.05 ). The same below.
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Table 3 Arsenic contents , bioconcentration factors(BCF) , and translocation factors( TF ) of Brassica campestris L. grown in As—contaminated

soils inoculated with 7. asperellum SM-12F1

) Hi 3 1R
Qb3 y BCF TF
mg kg™ g A mg kg™ pge A
CK 0.50+0.01¢ 2.45+0.10¢ 1.15+0.03¢ 0.31+0.01¢ 0.054+0.001a 0.43+0.01a
AS 5.79+0.08a 23.12+0.64b 23.55+0.37a 4.75+0.15b 0.051+0.001a 0.25+0.01b
AS+CH 5.07+0.10b 27.36+0.97a 18.79+0.25h 7.75+0.28a 0.047+0.001b 0.27+0.01b
9r a 6.21
8 ;‘ ....m.... E
{ 6.0+ a 2

ARSI B/mg kg™
wm N

0 | S st BERNNNN = I
CK AS AS+CH
AbF

.

5.0kl 1 i I
CK AS AS+CH

posii]

RRNE FRFIRAFAEBEAE P<0.05 /K- 22 5 235

The different lowercase letters indicate significant difference among different treatments( P<0.05)

B | #MRAAERHRFRIEFHEMESEM pH U

Figure 1 The contents of available As and pH in soils inoculated with T. asperellum SM—-12F1
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Figure 2 The contents of As(Ill ),As( V ),MMA,and DMA in
soils after inoculated with T. asperellum SM-12F1
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Figure 3 The contents of As(Ill ),As( V ),MMA ,and DMA in the
shoot of Brassica campestris L. grown in As—contaminated soils

inoculated with T. asperellum SM-12F1
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The different lowercase letters indicate the significant

difference among different treatments( P<0.05)
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Figure 4 The activities of antioxidant enzymes in the shoot of

Brassica campestris L. grown in As—contaminated soils inoculated

with T. asperellum SM-12F1
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