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Abstract: Arsenic (As)-contaminated agricultural soils threaten crop yields and pose a human

health risk. Augmentation of exogenous microorganisms exhibiting plant-growth promoting and

As speciation changing shows potential to improve crop growth and change soil As availability.

Trichoderma asperellum SM-12F1 exhibiting both traits was developed into chlamydospores to

improve its persistence in contaminated soils. After inoculation, As availability and enzyme

activity in two types of soils and the growth as well as As uptake of water spinach (lpomoea

aquatic Forsk.) were investigated. The results indicated that inoculation significantly improved

water spinach growth in both soils. Inoculating chlamydospores at 5% significantly increased As

concentration (139%), bioconcentration factor (150%), and translocation factor (150%) in water

spinach grown in Chenzhou (CZ) soils, while no significant change for these in Shimen (SM) soils.

Inoculating chlamydospores at 5% caused a significant increase (16%) of available As content in

CZ soils, while a significant decrease (13%) in SM soils. Inoculation significantly caused As

methylation in both soils, while significant As reduction merely observed in CZ soils. The

differential changes in available As contents in both soils were attributed to the soil pH, As

fractionations and speciation characteristics. Furthermore, Inoculating chlamydospores at 5%

significantly improved the activities of B-glucosidase (155%), chitinase (211%), and phosphatase

(108%) in SM soils, while significant decreases in B-glucosidase (81%), phosphatase (54%),

aminopeptidase (60%), and catalase (67%) in CZ soils. Bioaugmentation and As availability change

were responsible for this result. These observations will be helpful for the application of fungal

chlamydospores in the future bioremediation.

Keywords: Fungi; Arsenic; Water spinach; Soil enzyme; Speciation; XANES
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1. Introduction

Arsenic (As) accumulates in soil via various natural routes, such as rock weathering and volcanic

activity, as well as from anthropogenic activities that include mining/smelting, crop irrigation and

pesticide/preservative use (Abernathy et al., 2003). There is mounting concern regarding human

exposure to As through soil-plant transfer, in addition to more established exposure risks from

drinking/cooking water supplies. Arsenic’s negative effects on human health from chronic

exposure are widespread, but it’s most notable as a potent carcinogen (Fayiga and Ma, 2006). In

agronomic settings, As has historically been used extensively as a herbicide and defoliant

(Williams et al., 2005). Impacting on various metabolic processes, As causes physiological and

morphological disorders leading to reduced plant growth (Tripathi et al., 2013; Zhao et al., 2010).

It disrupts also, the regulation of essential nutrients within plant tissues, reducing the overall

quality of crops as a food source (Williams et al., 2007). In solum, As can depress soil enzyme

activity, a commonly used metric for biological diversity, ecosystem functioning and overall soil

fertility (Marx et al., 2001; DeForest, 2009), which can also depress plant growth.

The discovery and effective utilization of microorganisms capable of improved As

tolerance/detoxification combined with plant-growth promotion (PGP) characteristics to mitigate

crop plant exposure to As and enhance productivity are highly prized technologies (Das et al.,

2014). Recent studies showed that arbuscular mycorrhizal fungi inoculation can improve As

tolerance in tomato (Hua et al., 2009), plantain (Or owska et al., 2012), Chinese brake fern (Leung

et al,, 2010), and medic (Zhang et al., 2015). Arsenic-resistant bacteria have also been

successfully screened/selected for PGP (Cavalca et al., 2010; Shagol et al., 2014; Ghosh et al.,
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2015). It is well known that microbial excretion of hormones and/or enhanced nutrient

supplementation play a role in PGP (Khan et al., 2009; Lampis et al., 2015). Comparatively,

however, more research attention has been paid to the application of PGP by arbuscular

mycorrhizal or bacteria. Far less is known about the potential of flamentous fungi as agents of

PGP for the remediation of As-contaminated soils (Babu et al., 2014a). Filamentous fungi have a

distinct advantage over bacteria because of their high tolerance to As and other

metals/metalloids and their abilities to grow under extreme conditions of pH, temperature and

nutrient availability (Anand et al., 2006). More importantly, some filamentous fungus can be

developed into chlamydospores, with asexual reproduction and thick cell walls that confer

additional protection enabling them to further tolerate contaminated soils (Lewis and Papavizas,

1983). Additionally, fungal chlamydospores can be easily developed into solid powders that are

convenient for storage, and improve the delivery of the inoculum into the soil.

Some PGP microorganisms can trigger soil As speciation change (ASC), subsequently changing As

phytoavailability. Das et al. (2016) observed that PGP Bacillus flexus ASO-6 can oxidize arsenite

(As(Il1)) and reduce As-uptake by rice and promote plant growth in As-stressed soil. Xu et al.

(2016) found that root or leaflet endophytes exhibiting plant-growth promoting traits can resist

As via arsenate (As(V)) reduction, promote the growth of As-hyperaccumulator Pteris vittata and

increase phytoremediation efficiency. These microorganisms that exhibit both PGP and ASC traits

show great potential as biotechnology tools for promoting crop yields, whilst simultaneously

changing plant As uptake. Unfortunately, the study of these PGP-ASC organisms in

As-contaminated soils is scarce.
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Soil enzyme activities are known to be affected by As, heavy metals and microbial biomass

(Bhattacharyya et al., 2008). Low enzymatic activities have been observed in soils heavily

contaminated with toxic trace metals (Hagmann et al., 2015). Koo et al. (2012) observed that

water soluble As especially, exerts a strong inhibitory effect on the soil enzyme activities. The

microbial biomass is the major source of enzymes in soil and is highly susceptible to disruption by

As and heavy metal contamination (Boshoff et al., 2014). The augmentation of exogenous

microorganisms capable of As speciation change could enhance the microbial biomass (Tripathi

et al., 2015) as well as labile As content in soil (Wang et al., 2015), which subsequently influences

soil enzyme activities. Thus, enzyme activity analysis can be helpful in assessing the biochemical

quality of As-contaminated soils after microbial inoculation.

Recently, Trichoderma asperellum SM-12F1 has been reported for its abilities of As resistance and

speciation transformation (Zeng et al., 2010; Su et al., 2011, 2012). It has been well reported that

Trichoderma greatly contributes to PGP, biological control, and modification of plant metabolism

(Harman et al., 2004). Babu et al. (2014b) observed that Trichoderma spp. can enhance host

plant growth through production of Indole acetic acid (IAA), 1-aminocyclopropane-1-carboxylic

acid (ACC) deaminase, siderophores, or acid phosphatase under biotic and abiotic stresses.

Furthermore, T. asperellum SM-12F1 was successfully developed into chlamydospores to improve

its persistence in contaminated soils (Wang et al., 2015). In this study, pot experiments were set

up by inoculating with chlamydospores of T. asperellum SM-12F1 into two types of As-enriched

soils with different contamination sources (mining vs. industrial). Water spinach (lpomoea
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aquatic Forsk.), which is a popular vegetable crop in As-contaminated areas of southern China,

was selected as the test plant species. The objectives were to determine: (I) the growth and As

uptake of water spinach after inoculation; (1) the reproduction of T. asperellum SM-12F1 and

changes in soil enzymes activities; (lll) variances in As availability, fractionation as well as

speciation in soils after inoculation. To our best knowledge, this is the first report to exploit the

application of fungal chlamydospores capable of plant-growth promotion and As speciation

transformation in As-contaminated soils.

2. Materials and methods

2.1 Preparation of the chlamydospores of T. asperellum SM-12F1 and soil samples

The As-resistant fungal strain, T. asperellum SM-12F1, was isolated from a slag heap near the

realgar mine in Shimen county of Hunan province, China. The speciation transformation of As by T.

asperellum SM-12F1 had been well investigated (Zeng et al., 2010; Su et al., 2011, 2012).

Following our previous procedure (Wang et al., 2015), T. asperellum SM-12F1 was successfully

cultivated into chlamydospores via a chlamydospores production medium and then developed

into solid powder after grinding the air-dried culture residue. The pH of the chlamydospores

powder (5.78) was determined potentiometrically at a 1: 2.5 ratio of powder to ultrapure water

prepared by using Milli-Q water purification system (Millipore Corporation, USA). No As in

chlamydospores powder was detected out using hydride generation atomic fluorescence

spectrometer (HG-AFS 9120, Titan instrument, Beijing, China).

Two types of experimental soils were collected from the As-contaminated field soils in Chenzhou
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City (CZ soils) and Shimen County (SM soils) of Hunan province, China, respectively. The former

(Calcari-Leptic Cambisol) developed from the limestone is adjacent to a timber yard where

arsenide is often used in wood preservation, while the latter (Alumi-Plinthic Acrisol) developed

from quaternary red clay is located at the downstream of a realgar mine. Both sampling sites

were contaminated after As enriching soils via flood moving. After air-dried, grounded, and

passed through the 2-mm sieve, the experimental soils were mixed thoroughly. The

physic-chemical properties of soils are listed in Table S1 (in the Supplementary Data).

2.2 Pot experiment

The pot experiment was conducted in a glasshouse of Chinese Academy of Agricultural Sciences.

For each experimental soil (SM and CZ), chlamydospores powder (1.2x107 cfu g'* obtained via the

dilution plate method) of T. asperellum SM-12F1 with three levels (m/m) of 0% (CK), 1.0%, or

5.0% were inoculated. In order to provide enough carbon and nitrogen sources for fungal survival,

glucose (2.0%) and asparagines (0.5%) were spiked into each soil (Sneh et al., 1984). Furthermore,

each soil received the same amount of chemical fertilizers (0.72 g kg™t of CO(NH2),, 0.32 g kg* of

KH2PO4, and 0.54 g kg™ of K2S04) to meet the demands of plant growth modified from the report

of Hseu et al. (2013). After complete mixing, each soil was transferred into a pot. Four

replications were run for each inoculation level. Six seeds of water spinach purchased from

Beijing Ju Hong Seed Technology co., LTD were surface sterilized with H,0, (5%) and then sown in

each pot. Subsequently, the seedlings were thinned to three per pot after germination. Soil

moisture content was maintained at 60% of field capacity during the germination and then

adjusted to field capacity after thinning. The temperature in the glasshouse was maintained at
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30 C during the daytime and 25 ‘C at night. All pots were arranged in a completely randomized

design.

2.3 Biomass analysis and survival number of T. asperellum SM-12F1 determination

Water spinach was harvested 2 months after sowing. The height of water spinach was measured

by using a stainless steel ruler with accuracy of 0.01cm. The shoot and root of water spinach were

separated and subsequently weighted after being dried at 65°C for 48 h. The plant samples were

ground using a stainless steel grinder. For each treatment, fresh soils samples were harvested and

divided into three sub-samples. The first (20.0 g) of which was used to determine the survival

number of T. asperellum SM-12F1 using the dilution plate method and the selective medium

(Supplementary information Fig. S1) modified from the descriptions of Elad and Chel (1983) and

Papavizas (1982). The second (10.0 g) was immediately stored at -20°C for As speciation analysis.

Finally, the last portion was air-dried and then ground to pass 2 mm sieve for subsequent

analysis.

2.4 Analysis of As contents in soil or plant samples

For plant samples, each shoot or root sample of 1.000 g was digested by mixed HNOs of 20 ml,

H,S04 of 1.25 ml, and HCIO4 of 1 ml until the digestion solution was clear (PRC National Standard,

GB/T 5009.11-1996). After filtration and volume fixation at 50 ml, the total As content was

measured using HG-AFS. During HG-AFS analysis, the mixture of 1% ascorbic acid, 1%

thiocarbamide, and 3% hydrochloric acid was used to preliminarily reduce sample As into As(lIl).

The mixture of 0.5% potassium hydroxide and 1% potassium borohydride was used to further
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reduce As(lll) into AsHs and subsequently As content was determined. 3% hydrochloric acid was

used as sample carrier. In order to characterize As uptake and assimilation patterns in water

spinach, bioconcentration factor (BCF) and translocation factor (TF) were measured. The BCF of

As in water spinach was calculated by the ratio of As concentrations in shoot and soil (Zhuang et

al., 2007). The TF of As was calculated from the ratio of As concentrations in shoot and root (Yoon

et al., 2006).

For soil samples, soil available As was extracted with 0.5 M NaHCOs (Woolson et al., 1971). A soil

sample of 5.00 g was suspended in 0.5 M NaHCOs of 50 ml and then shaken for 2 h at room

temperature. Subsequently, the soil suspension was filtered before As determination by HG-AFS.

An improved sequential extraction proposed by Wenzel et al., (2001) was adopted to determine

As fractionation. The five sequential extraction steps were assumed to correspond respectively

to non-specifically sorbed As (F1), specifically sorbed As (F2), As associated with amorphous and

poorly-crystalline hydrous oxides of Fe and Al (F3), As associated with well crystallized hydroxides

of Fe and Al (F4), and residual As (F5). Additionally, soil pH was also measured potentiometrically

at a 1:2.5 ratio of soil to H,0 after 1 minute of shaking.

2.5 In situ analysis of As speciation in soils using in-situ X-ray absorption near edge structure

(XANES)

Arsenic speciation analysis of fresh soil samples using in-situ XANES was conducted at beam line

15U1 of Shanghai synchrotron radiation facility. Sub-samples of fresh soil, after defrosting at

room temperature, were fixed to Mylar membranes (thickness of 6 um) that was fixed onto a
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sample table for analysis. For each sample, three sites were randomly selected for XANES analysis.

Each site was scanned for 6 s using a spot size of 3.18 x 2.56 um? from 11,850 to 11,900 eV with a

0.5 eV step size. To correct for the effect of the synchrotron radiation beam flux variation on

signal intensity, the fluorescence intensity was normalized to the incident X-ray intensity, which

was monitored using an ionization chamber located in front of the K-B mirror modulating the size

of the beam (Zheng et al., 2011). The corrected fluorescence intensity was used to estimate the

relative elemental content. During XANES analysis, As standard compounds were prepared with

high-purity (>94.5%) chemicals including As(lll), NaAsO, (Riedel-de Haen AG, Seelze-Hannover,

Germany); As(V), Na;HAsOs-7H,O (Dr. Ehrenstorfer, Germany); MMA, CHsAsNaOs; (Dr.

Ehrenstorfer, Germany); and DMA, C;HsAsNaO, (Dr. Ehrenstorfer, Germany).

2.6 Analysis of soil enzymes using microplate fluorimetry

Activities of hydrolase enzymes such as B-glucosidase, aminopeptidase, and acid phosphatases

are the keys controlling the availabilities of C, N, and P in soil, respectively (Rejmankova and

Sirova, 2007). Chitinase is essential in the mineralization of N from chitin as a main component of

fungal cell wall (Olander and Vitousek, 2000). Catalase is one of the important antioxidant

enzymes contributing to the detoxification of reactive oxygen species generated due to heavy

metal stress (Patel et al., 2016). In this study, the activities of the B-glucosidase, chitinase, and

acid phosphatase were measured fluorometrically using MUB (methylumbelliferone)-linked

model substrates (DeForest, 2009). While for aminopeptidase and catalase,

L-Leucine-7-amino-4-methylcoumarin and L-DOPA (3, 4-dihydroxy phenylalanine) were used as

substrates. Model substrates and operation procedure in detail were listed in Table S2. Enzyme
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activities were expressed in units of nmol h' g and calculated in the method from DeForest

(2009).

2.7 Quality assurance and control

For As concentration analysis using HG-AFS, As standards were prepared using As stock solutions

(GBWO08611, Chinese Metrology Institute of Science and Technology, Beijing, China). The

correlation coefficients of the obtained linear equation reached 0.9993. A certified reference

material (CRM) water-sample (GBWZ50004-88, Institute for Environmental Reference Materials,

Ministry of Environmental Protection, Beijing, China), elemental spikes, and blanks were

incorporated as part of stringent quality control protocols, which were analysed at the beginning,

after every 10 samples and at the end of each run.. Furthermore, every sample was measured in

triplicate. To verify the digestion procedures, Spinach CRM (GBW10015, Institute of geophysical

and geochemical exploration, Chinese Academy of Geological Sciences) was incorporated into

every sample batch. The accuracy of the As measurement of the spinach CRM ranged from

99-108%. The overall accuracy of the soil As fractionation procedure, as determined by

comparing the sum of As determined in all five fractions with a single total As determination, was

found to be within the range of 86-113%.

2.8 Statistical analysis

All experimental data was processed with Microsoft Excel 2003 and expressed with mean *

standard error (SE). Tukey test was applied to the one-way analysis of variance (P < 0.05) with the

use of SPSS 16.0 software (SPSS Inc., Chicago, IL). For in-situ XANES analysis, the relative weight of
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each As speciation was obtained via linear combination fitting (LCF) of the XANES spectra with

model compounds using IFEFFIT software. The R-factor representing the goodness-of-fit

parameter was calculated. Good fits occur for R < 0.05. In this study, R-factor was below than

0.01 at each fitting.

3. Results

3.1 Biomass and As contents of water spinach grown in soils after inoculation

Inoculating with chlamydospores of T. asperellum SM-12F1 significantly improved the biomass of

water spinach (Table 1). For CZ soils, when inoculation level reached 5%, the height, shoot dry

weight, and root dry weight of water spinach significantly (P < 0.05) increased by 35%, 216%, and

87%, respectively, compared with the control. For SM soils, compared with control, the height,

shoot dry weight, and root dry weight of water spinach significantly (P < 0.05) increased by 64%,

141%, and 148%, respectively, when inoculation level reached 5%. When both soils at equivalent

inoculation levels were compared, water spinach biomass in SM soils was significantly (P < 0.05)

higher that in CZ soils.

Inoculating with chlamydospores of T. asperellum SM-12F1 at different soil loadings affected both

As uptake and assimilation by water spinach, a trend observed in both soils (Table 2). For CZ soils,

when inoculation level reached 5%, As concentration (7.75 mg kg™) and contents (19.92 pg pot?)

in the shoot of water spinach significantly (P < 0.05) increased by 139.2% and 637.8% compared

with their control. While no significant change was observed for As concentration and content in

root. For SM soils, when inoculation level reached 5%, the As concentration (98.83 mg kg?) in
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root significantly (P < 0.05) decreased by 15% compared with the control (115.99 mg kg?).

However, the As content (178.60 pg pot?) in root significantly (P < 0.05) increased by 100.6%

compared with the control (89.05 pg pot?), due to the higher dry weight of root. No significant

change for As concentration and content in shoot was observed after inoculation. Furthermore,

for BCF and IF of As, no significant difference was found in SM soils after inoculation. However,

the BCF and IF in CZ soils both significantly (P < 0.05) increased by 150% compared with the

control, when chlamydospores were inoculated at 5%. Inoculating with chlamydospores at 5%

into CZ soils considerably promote the As translocation in water spinach.

3.2 Fungal augmentation and soil available As content after inoculation

The successful augmentation of T. asperellum SM-12F1 in both soils was observed after

inoculation with chlamydospores (Fig S1 in the Supplementary Data). For both soils without

inoculation, the survival number of T. asperellum SM-12F1 was about 47.5-60.0 cfu g fresh soils.

When chlamydospore was inoculated at 1%, the survival numbers of T. asperellum SM-12F1

reached 1.4 x10* and 7.4x10° cfu in fresh CZ and SM soils, respectively. When inoculation level of

chlamydospores increased to 5%, the survival numbers of T. asperellum SM-12F1 were 1.6 x10°

and 5.0x10% cfu in fresh CZ and SM soils, respectively. The augmentation of T. asperellum

SM-12F1 in SM soils was more effective than that in CZ soils.

Inoculating with chlamydospores of T. asperellum SM-12F1 differentially changed the contents of

available As in both soils (Fig 1). When inoculation level reached 1% and 5%, the contents of

available As were 6.5 and 6.6 mg kg in CZ soils, respectively, which significantly (P < 0.05)
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increased by 14.1% and 16.0% compared with that in control (5.7 mg kg™*). For SM soils, however,

no significant change was found for available As when inoculation level was 1%. While the

content of available As (4.5 mg kg?) significantly (P < 0.05) decreased by 13% compared with that

in control (5.2 mg kg).

3.3 Soil pH and As fractionations after inoculation

Inoculation with chlamydospores was responsible for a decreasing in soil pH (Fig S2). For both

soils, no significant change in soil pH was found after inoculation with chlamydospores at 1%.

However, when inoculation level reached 5%, the pH values in CZ and SM soils decreased to 6.6

and 5.0 from 7.3 and 5.6 in their corresponding controls, respectively. Comparatively, the pH

values in SM soils were lower than in the CZ soils. This could be explained by the lower original

pH in SM soils and better survival of T. asperellum SM-12F1, which are know to release organic

acids.

Inoculating with chlamydospores of T. asperellum SM-12F1 changed the As fractionation

patterns of the soils (Table S3). For both experimental soils, F3 and F2 fractions dominated,

which accounted for approximate 35% and 26% of the total, respectively. Furthermore, with

increasing inoculation level, no significant change was found in the As concentration of the F4

and F5 fractions in CZ soils. When inoculation level of chlamydospores reached 5%, As content in

F1 (1.07 mg kg) significantly (P < 0.05) increased by 98% while no significant change was found

in As contents in F2 or F3, compared with their corresponding controls. For SM soils, however, no

significant variance was observed for As content in F3, F4, or F5 among different inoculation
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levels. When inoculation level of chlamydospores reached 5%, As content in F1 (1.47 mg kg?)

significantly (P < 0.05) increased by 72.9% while that in F2 (11.4 mg kg™) significantly (P < 0.05)

decreased by 61.4%, compared with their corresponding controls. Changes in the contents of

non-specifically (F1) and specifically (F2) sorbed As in both soils after inoculation might be

responsible for the variances in available As.

3.4 As speciation in soils after inoculation measured using in situ XANES

Inoculating with chlamydospores of T. asperellum SM-12F1 significantly changed the As

speciation and promoted As methylation in both soils. The XANES spectra corresponding to each

soil sample and the spectra for standards of As(lll), As(V), MMA, and DMA are presented in Fig S3.

Evaluation of the XANES spectra beyond the absorption edge shows differences in the region of

11,865-11,875 eV among three fungal strains. The relative weight of each As speciation was

obtained via LCF of the XANES spectra with model compounds (Fig 2). For both soils without

inoculation, the dominant species was As(V) with trace amounts of As(Ill) present, which

accounted for 84-86% and 14-15% of the total, respectively. For CZ soils, after inoculating with

chlamydospores of 1%, As(lll), As(V), and MMA accounted for 46%, 46%, and 8% of the total,

respectively. When inoculation level reached 5%, As(lll), As(V), and MMA accounted for 44%,

37%, and 20.0% of the total, respectively. Comparing the As speciation among different

treatments, the relative weight of As(lll) significantly (P < 0.05) increased after inoculation.

Correspondingly, the relative weight of As(V) significantly (P < 0.05) decreased and MMA

emerged. For SM soils, however, after inoculating with chlamydospores at 1%, As(lll), As(V),

MMA, and DMA accounted for 26%, 54%, 17%, and 3% of the total, respectively. When
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inoculation level reached 5%, As(lll), As(V), and MMA accounted for 19%, 64%, and 17% of the

total, respectively. Comparing the As speciation trends among different treatments, no

significant change was observed for As(Ill) or As(V). While organic As species, of MMA and DMA

emerged after inoculation, indicating that microbial inoculation was enhancing As methylation in

both soils.

3.5 Soil enzymes after inoculation measured using microplate fluorimetry

Inoculating with chlamydospores of T. asperellum SM-12F1 significantly and differentially

changed the enzyme activities in two types of soils (Fig 3). For CZ soils, chlamydospores

inoculation lowered the activities of enzymes to different extents. When inoculation level

reached 5%, the activities of B-glucosidase (43 mmol g h), phosphatase (463 mmol g h?),

aminopeptidase (57 mmol g? h), and catalase (298 mmol g! h) significantly (P < 0.05)

decreased by 81%, 54%, 60%, and 67% compared with these in controls, respectively. While no

significant change was found for chitinase activities. For SM soils, when inoculation level of

chlamydospores reached 5%, the activities of B-glucosidase (3163 mmol g h?), chitinase (5700

mmol g h), and phosphatase (3100 mmol g* h™) significantly (P < 0.05) improved by 155%,

211%, and 108% compared with these in the controls, respectively. While no significant change

was found for the activities of catalase and aminopeptidase activity significantly decreased after

inoculation.

4. Discussion

4.1 Inoculating with chlamydospores of T. asperellum SM-12F1 promotes the growth of water
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spinach

Trichoderma has been extensively exploited in agriculture for plant growth promotion, biological

control, modification of plant metabolism (Hoyos-Carvajal et al.,, 2009), environmental

bioremediation (Wang et al., 2015). T. asperellum exhibited some plant growth-promoting

attributes of phosphate solubilization, ACC deaminase activity, auxin, and siderophore

production (Qi and Zhao, 2013). This might be responsible for the growth improvement of water

spinach (Table 1). Furthermore, the activities of phosphatase, chitinase, and B-glucosidase in SM

soils were improved considerably when 5% of chlamydospores inoculated (Fig 3). This might

contribute to the growth of water spinach. For CZ soils, however, significant decreases in enzyme

activities except for chitinase were found after inoculation. Further analysis showed that the

activities of B-glucosidase (R?=0.6309, n=12, P < 0.01), phosphatase (R?=0.5738, n=12, P < 0.01),

aminopeptidase (R?=0.3694, n=12, P < 0.05), and catalase (R?=0.3336, n=12, P < 0.05)

significantly and negatively correlated with the available As contents in CZ soils. The increased

labile As in soils could inhibit the activities of soil enzymes (Bhattacharyya et al., 2008; Liang et al.,

2014).

Water spinach growth also might be influenced by As phytotoxicity. In this case, significant

increase in As contents of water spinach shoot in CZ soils was observed and while no significant

change was found in SM soils after inoculation (Table 2). However, the water spinach biomass

greatly increased in both soils. Arsenic speciation in biomass might be changed after inoculation,

which sequentially lowered the phytotoxicity of As. This is supported by the observation that

inoculation resulted in the emergence of organic As species in the soil, which is regarded as a
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detoxification process (Fig 2). Tripathi et al. (2015) suggested that As methylation occurred in soils

after inoculating Trichoderma could alleviate As stress in chickpea. The result from Cattani et al.

(2015) showed that inoculating Rhizophagus irregularis changes As speciation and toxicity in

maize shoot but didn’t alter total As concentrations. Based on the above mentioned, in our

opinion, the plant growth might be determined by the synergetic effects of the plant

growth-promoting traits of T. asperellum and the changes in soil available As contents, soil

enzyme activities, and As phytotoxicity.

4.2 Inoculation with chlamydospores of T. asperellum SM-12F1 changes As availability in soils

The changes of soil pH, As fractionations, and chemical valence can greatly influence As

availability in soils (Quazi et al., 2011). In this study, available As contents significantly increased

in CZ soils while they decreased in SM soils after inoculation (Fig 1). Linear regression analysis

indicated that there was a significantly positive relationship (Y=0.545X+1.9067, R?=0.41, P < 0.01)

between the available As contents in SM soils (Y) and soil pH (X). The lower pH might favor the

decrease of As availability in soils via ligand exchange reactions or electrostatic interactions with

soil minerals (Dixit and Hering, 2003). For CZ soils, however, it was difficult to explain the changes

of As availability based on soil pH.

As fractionations in soils can greatly affect As availability. In order to better explain the

relationship between As fractionations (X) and available As contents (Y), a stepwise regression

equation was applied to the CZ soils: Available As=0.068+2.187F1+0.076F3 (R?=0.9506, P < 0.01).

Comparatively, As in F1 was the dominant factor for As availability change, due to its higher
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coefficient than F3 (0.076). This means that the increase of non-specially absorbed As was

responsible for the augment of available As contents in CZ soils. For SM soils, a stepwise

regression equation could also be derived: Available As=4.135+0.023F2 (R?=0.7191, P < 0.01).

This relationship indicates that the significant decrease in available As in SM soils was due to

changes to the pool of As associated with amorphous and poorly-crystalline hydrous oxides of Fe

and Al.

Arsenic speciation transformation can change As availability in soils. After inoculation, the

relative weight of As(Ill) in CZ soils was significantly higher than that without inoculation (Fig 2).

This might be helpful in explaining the increased availability As in CZ soils. Because As(lll) is not

absorbed as strongly to soil as As(V), and hence has a greater mobility (Chatain et al., 2005). For

SM soils, however, no significant change was observed for in the proportion of As(lll) or As(V)

among treatments. Importantly, T. asperellum SM-12F1 inoculation caused As methylation in

both soils (Fig 2). This was consistent with the results of Tripathi et al. (2015), who found that

MMA and DMA contents increased in rhizosphere soils of chickpea after being inoculated with

Trichoderma. Organic As is seemed with less toxicity and mobility than inorganic As (Akter et al.,

2005). Methylation will lower the toxic As stress to water spinach growth and change As

availability in soils. In this study, XANES method is used to determine As speciation in soil

samples rather than the typical method. Because XANES with the advantages of requiring no

sample preparation and chromatographic separation, has been certified to be a valuable and

reliable tool to detect As speciation (Su et al. 2015; Zeng et al. 2015).
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4.3 Future application of T. asperellum SM-12F1 chlamydospores in remediation of

As-contaminated soils

T. asperellum SM-12F1 inoculation showed differential effects on As uptake and transfer in water

spinach between two types of soil. For CZ soils, the water spinach biomass, As content in shoot,

BCF, and TF significantly improved after inoculation (Table 2). It might be feasible to improve the

bioremediation efficiency by inoculating T. asperellum SM-12F1 in CZ soils. The results from

Lampis et al. (2015) indicated that inoculation with growth-promoting rhizobacteria increased

biomass of hyperaccumulator Pteris vittata by up to 45% and increased As removal efficiency

from 13% without bacteria to 35%. For SM soils, however, water spinach biomass significantly

increased while no significant change in As contents of shoot, BCF, and TF after inoculation was

observed (Table 2). It is recommended to inoculate T. asperellum SM-12F1 into SM soils where

planted with crops with the lower ability to uptake As or bioenergy crops such as maize or

sugarcane. The results from Cattani et al. (2015) showed that inoculation with Rhizophagus

irregularis in combination with phosphorus application could augment the maize biomass but

make no effect on total As content in shoot. Babu et al. (2014a) suggested that inoculation with T.

virens PDR-28 is beneficial for heavy metal phytostailization and maize biomass production as a

potential source of bio-fuel in the quest for renewable energy.

5. Conclusions

T. asperellum SM-12F1 inoculation significantly promoted the growth of water spinach. However,

the effects on As uptake and transfer in water spinach and As availability varied between two

types of As-contaminated soils. Inoculation significantly increased the As content and BCF as well
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as IF of As in water spinach and As availability in CZ soils, while no significant change for these

items was found in SM soils. These observations will be helpful for the future application of T.

asperellum SM-12F1 chlamydospores in the bioremediation of different As-contaminated soils.

Acknowledgements:

The authors are grateful for financial support from the National Scientific and Technological

Program of the “12th Five-year” Plan of China, Project No.: 2012BAD15B01, and the Young Elite

Scientist Sponsorship Program by CAST, No.: 2015QNRC001, and the Special Fund of Chinese

Central Government for Basic Scientific Research Operations in Commonweal Research Institute

(No0.16101220-13007).

References

Abernathy, C.0., Thomas, D.J., Calderon, R.L., 2003. Health effects and risk assessment of arsenic.

J. Nutr. 133, 15365-1538S.

Akter, K. F., Owens, G., Davey, D.E., Naidu, R., 2005. Arsenic Speciation and Toxicity in Biological

Systems. Rev. Environ. Contam. Toxicol. 184, 97-149.

Anand, P, Isar, J., Saran, S., Saxena, R.K., 2006. Bioaccumulation of copper by Trichoderma viride.

Bioresour. Technol. 97, 1018-1025.

Babu, A.G., Shim, J., Shea, P.J., Oh, B.T., 2014b. Penicillium aculeatum PDR-4 and Trichoderma sp.

PDR-16 promote phytoremediation of mine tailing soil and bioenergy production with

sorghum-sudangrass. Ecol. Eng. 69, 186-191.

Babu, A.G., Shim, J., Bang, K.S., Shea, PJ., Oh, B.T., 2014a. Trichoderma virens PDR-28: A heavy



458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

metal-tolerant and plant growth promoting fungus for remediation and bioenergy crop

production on mine tailing soil. J. Environ. Manage. 132, 129-134.

Bhattacharyya, P., Tripathy, S., Kim, K., Kim, S.H., 2008. Arsenic fractions and enzyme activities in

arsenic-contaminated soils by groundwater irrigation in West Bengal. Ecotoxicol. Environ. Saf.

71, 149-156.

Boshoff, M., Jonge, D.M., Dardenne, F., Blust, R., Bervoets, L., 2014. The impact of metal pollution

on soil faunal and microbial activity in two grassland ecosystems. Environ. Res. 134, 169-180.

Cattani, I., Beone, G.M., Gonnelli, C., 2015. Influence of Rhizophagus irregularis inoculation and

phosphorus application on growth and arsenic accumulation in maize (Zea mays L.)

cultivated on an arsenic-contaminated soil. Environ. Sci. Pollut. Res. 22, 6570-6577.

Cavalca, L., Zanchi, R., Corsini, A., Colombo, M., Romagnoli, C., Canzi, E., Andreoni, V., 2010.

Arsenic-resistant bacteria associated with roots of the wild Cirsium arvense (L.) plant from an

arsenic polluted soil, and screening of potential plant growth-promoting characteristics. Sys.

Appl. Microbiol. 33, 154-164.

Chatain, V., Bayard, R., Sanchez, F., Moszkowicz, P., Gourdon, R., 2005. Effect of indigenous

bacterial activity on arsenic mobilization under anaerobic conditions. Environ. Int. 31,

221-226.

Das, S., Jean, J.S., Chou, M.L., Rathodb, J., Liu, C.C., 2016. Arsenite-oxidizing bacteria exhibiting

plant growth promoting traitsisolated from the rhizosphere of Oryza sativa L.: Implications

formitigation of arsenic contamination in paddies. J. Hazard. Mater. 302, 10-18.

Das, S., Jean, J.S., Kara, S., Chou, M.L., Chen, C.Y., 2014. Screening of plant growth-promoting

traits in arsenic-resistant bacteria isolated from agricultural soil and their potential



480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

implication for arsenic bioremediation. J. Hazard. Mater. 272, 112-120.

DeForest, J.L., 2009. The influence of time, storage temperature, and substrate age on potential

soil enzyme activity in acidic forest soils using MUB-linked substrates and L-DOPA. Soil Biol.

Biochem. 41, 1180-1186.

Dixit, S., Hering, J.G., 2003. Comparison of arsenic (V) and arsenic (lll) sorption onto iron oxide

minerals: Implications for arsenic mobility. Environ. Sci. Technol. 37, 4182-4189.

Elad, Y., Chet, 1., 1983. Improved selective media for isolation of Trichoderma spp. or Fusarium

spp. Phytoparasitica, 11, 55-58.

Fayiga, A.O., Ma, L.Q., 2006. Using phosphate rock to immobilize metals in soil and increase

arsenic uptake by hyperaccumulator Pteris vittata. Sci. Total Environ. 359, 17-25.

Ghosh, P., Rathinasabapathi, B., Ma, L.Q., 2015. Phosphorus solubilization and plant growth

enhancement by arsenic-resistant bacteria. Chemosphere, 134, 1-6.

Hagmann, D.F., Goodey, N.M., Mathieu, C., Evan, J., Aronson, M.F.J., Gallagher, F., Krumins, J.A.,

2015. Effect of metal contamination on microbial enzymatic activity in soil. Soil Biol.

Biochem. 91, 291-297.

Harman, G.E., Howell, C.R., Viterbo, A., Chet, I, Lorito, M., 2004. Trichoderma

species-opportunistic, avirulent plant symbionts. Nat. Rev. Microbiol. 2, 43-56.

Hoyos-Carvajal, L., Orduz, S., Bissett, J., 2009. Genetic and metabolic biodiversity of Trichoderma

from Colombia and adjacent neotropic regions. Fungal Genet. Biol. 46, 615-631.

Hseu, ZY., Jien, S.H., Wang, S.H., Deng, HW., 2013. Using EDDS and NTA for enhanced

phytoextraction of Cd by water spinach. J. Environ. Manage. 117, 58-64.

Hua, J.F, Lin, X.G., Yin, R,, Jiang, Q., Shao, Y.F., 2009. Effects of arbuscular mycorrhizal fungi



502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

inoculation on arsenic accumulation by tobacco (Nicotiana tabacum L.), J. Environ. Sci. 21,

1214-1220.

Khan, M.S., Zaidi, A., Wani, P.A., Oves, M., 2009. Role of plant growth promoting rhizobacteria in

the remediation of metal contaminated soils, Environ. Chem. Lett. 7, 1-19.

Koo, N., Lee, S.H., Kim, J.G., 2012. Arsenic mobility in the amended mine tailings and its impact

on soil enzyme activity. Environ. Geochem. Health, 34, 337-348.

Lampis, S., Santi, C., Ciurli, A., Andreolli, M., Vallini, G., 2015. Promotion of arsenic

phytoextraction efficiency in the fern Pteris vittata by the inoculation of As-resistant bacteria:

a soil bioremediation perspective. Front. Plant Sci. 6, 80

Leung, H.M., Wu, F.Y., Cheung, K.C., Ye, Z.H., Wong, M.H., 2010. Synergistic effects of arbuscular

mycorrhizal fungi and phosphate rock on heavy metal uptake and accumulation by an

arsenic hyperaccumulator. J. Hazard. Mater. 181, 497-507.

Lewis, J., Papavizas, G., 1983. Production of chlamydospores and conidia by Trichoderma spp. in

liquid and solid growth media. Soil Biol. Biochem. 15, 351-357.

Liang, Q., Gao, R.T,, Xi, B.D., Zhang, Y., Zhang, H., 2014. Long-term effects of irrigation using water

from the river receiving treated industrial wastewater on soil organic carbon fractions

andenzyme activities. Agr. Water Manage. 135, 100-108.

Marx, M.C., Wood, M., Jarvis, S.C., 2001. A microplate fluorimetric assay for the study of enzyme

diversity in soils. Soil Biol. Biochem. 33, 1633-1640.

MOH (Ministry of Health of the People's Republic of China). 2003. Determination of total arsenic

and abio-arsenic in foods. Standards Press of China, Beijing. pp. 71-84. (in Chinese).

Olander, L.P., Vitousek, P.M., 2000. Regulation of soil phosphatase and chitinase activity by N and



524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

P availability. Biogeochemistry. 49, 175-190.

Orowska, E., Godzik, B., Turnau, K., 2012. Effect of different arbuscular mycorrhizal fungal

isolates on growth and arsenic accumulation in Plantago lanceolata L. Environ. Pollut. 168,

121-130.

Papavizas, G., 1982. Survival of Trichoderma harzianum in soil and in pea and bean rhizospheres.

Phytopathology, 72, 121-125.

Patel, A., Pandey, V., Patra, D.D., 2016. Metal absorption properties of Mentha spicata grown

under tannery sludge amended soil-its effect on antioxidant system and oil quality.

Chemosphere, 147, 67-73.

Qi, W., Zhao, L., 2013. Study of the siderophore-producing Trichoderma asperellum Q1 on

cucumber growth promotion under salt stress. J. Basic Microbiol. 53, 355-364.

Quazi, S., Sarkar, D., Datta, R., 2011. Changes in arsenic fractionation, bioaccessibility and

speciation in organo-arsenical pesticide amended soils as a function of soil aging.

Chemosphere, 84, 1563-1571.

Rejmdnkova, E., Sirovd, D., 2007. Wetland macrophyte decomposition under different nutrient

conditions: Relationships between decomposition rate, enzyme activities and microbial

biomass. Soil Biol. Biochem. 39, 526-538.

Shagol, C.C., Krishnamoorthy, R., Kim, K., Sundaram, S., Sa, S., 2014. Arsenic-tolerant

plant-growth-promoting bacteria isolated from arsenic-polluted soils in South Korea.

Environ. Sci. Pollut. Res. 21, 9356-9365.

Sneh, B., Dupler, M., Elad, Y., Baker, R., 1984. Chlamydospore germination of Fusarium oxysporum

f. sp. cucumerinum as affected by fluorescent and lytic bacteria from a Fusarium-suppressive



546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

soil. Phytopathology, 74, 1115-1124.

Su, S.M., Zeng, X.B., Bai, LY., L, LF, Duan, R., 2011. Arsenic biotransformation by

arsenic-resistant fungi Trichoderma asperellum SM-12F1, Penicillium janthinellum SM-12F4,

and Fusarium oxysporum CZ-8F1. Sci. Total Environ. 409, 5057-5062.

Su, S.M., Zeng, X.B., Li, L.F,, Duan, R., Bai, LY., 2012. Arsenate reduction and methylation in the

cells of Trichoderma asperellum SM-12F1, Penicillium janthinellum SM-12F4, and Fusarium

oxysporum CZ-8F1 investigated with X-ray absorption near edge structure. J. Hazard. Mater.

243, 364-367.

Su, S.M., Zeng, X.B., Feng, Q.F., Bai, L.Y., Zhang, L.L., Jiang, S., Li, A.G., Duan, R., Wang, X.R., Wu,

C.X., Wang, Y.N., 2015 Demethylaiton of arsenic limits its volatilization in fungi. Environ.

Pollut. 204, 141-144.

Tripathi, P., Singh, P.C., Chaudhry, V., Mishra, A., Mishra, S., Tripathi, R.D., Nautiyal, C.S., 2013.

Trichoderma inoculation ameliorates arsenic induced phytotoxic changes in gene expression

and stem anatomy of chickpea (Cicer arietinum). Ecotoxicol. Environ. Saf. 89, 8-14.

Tripathi, P., Singh, P.C., Mishra, A., Tripathi, R.D., Nautiyal, C.S., 2015. Trichoderma inoculation

augments grain amino acids and mineral nutrients by modulating arsenic speciation and

accumulation in chickpea (Cicer arietinum L.). Ecotoxicol. Environ. Saf. 117, 72-80.

Wang, X.R., Su, S.M., Zeng, X.B., Bai, L.Y,, Li, L.F., Duan, R., Wang, Y.N., Wu, C.X., 2015. Inoculation

with chlamydospores of Trichoderma asperellum SM-12F1 accelerated arsenic volatilization

and influenced arsenic availability in soils. J. Integr. Agr. 14, 389-397.

Wenzel, WW.,, Kirchbaumer, N., Prohaska, T., Stingeder, G., Lombi, E., Adriano, D.C., 2001. Arsenic

fractionation in soils using an improved sequential extraction procedure. Analytica Chimica



568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

Acta. 436, 309-323.

Williams, P.N., Price, A.H., Raab, A., Hossain, S.A., Feldmann, J., Meharg, A.A., 2005. Variation in

arsenic speciation and concentration in paddy rice related to dietary exposure. Environ. Sci.

Technol. 39, 5531-5540.

Williams, P.N., Raab, A., Feldmann, J., Meharg, A.A., 2007. Market basket survey shows elevated

levels of As in South Central U.S. processed rice compared to California: consequences for

human dietary exposure. Environ. Sci. Technol. 41, 2178-2183.

Woolson, E., Axley, J., Kearney, P., 1971. Correlation between available soil arsenic, estimated by

six methods, and response of corn (Zea mays L.). Soil Sci. Soc. Am. J. 35, 101-105.

Xu, J.Y., Han, Y.H., Chen, Y.S., Zhu, L.J., Ma, L.Q., 2016. Arsenic transformation and plant growth

promotion characteristics of As-resistant endophytic bacteria from As-hyperaccumulator

Pteris vittata. Chemosphere, 144, 1233-1240.

Yoon, J., Cao, X., Zhou, Q., Ma, L.Q., 2006. Accumulation of Pb Cu, and Zn innative plants growing

on a contaminated Florida site. Sci. Total Environ. 368, 456-464.

Zeng, X.B., Su, S.M,, Feng, Q.F.,, Wang, X.R., Zhang, Y.Z.,, Zhang, L.L,, Jiang, Sh., Li, A.G., Li, L.F.,

Wang, Y.N., Wu, C.X.,Bai, LY., Duan, R., 2015. Arsenic speciation transformation and arsenite

influx and efflux across the cell membrane of fungi investigated using HPLC-HG-AFS and

in-situ XANES. Chemosphere, 119, 1163-1168.

Zeng, X.B., Su, S.M., Jiang, X.L., Li, L.F., Bai, LY., Zhang, Y.R., 2010. Capability of pentavalent arsenic

bioaccumulation and biovolatilization of three fungal strains under laboratory conditions.

CLEAN-Soil Air Water. 38, 238-241.

Zhang, X., Ren, B.H., Wu, S.L,, Sun, Y.Q., Lin, G., Chen, B.D., 2015. Arbuscular mycorrhizal


http://xueshu.baidu.com/s?wd=paperuri%3A%28b43410a3072fc2b549a7269998291f5f%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Feuropepmc.org%2Fabstract%2FMED%2F17438760&ie=utf-8&sc_us=6543706409383626703
http://xueshu.baidu.com/s?wd=paperuri%3A%28b43410a3072fc2b549a7269998291f5f%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Feuropepmc.org%2Fabstract%2FMED%2F17438760&ie=utf-8&sc_us=6543706409383626703
http://xueshu.baidu.com/s?wd=paperuri%3A%28b43410a3072fc2b549a7269998291f5f%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Feuropepmc.org%2Fabstract%2FMED%2F17438760&ie=utf-8&sc_us=6543706409383626703

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

symbiosis influences arsenic accumulation and speciation in Medicago truncatula L. in

arsenic-contaminated soil. Chemosphere, 119, 224-230.

Zhao, F.J., McGrath, S.P., Meharg, A.A., 2010. Arsenic as a food chain contaminant: Mechanisms

of plant up take and metabolism and mitigation strategies. Annu. Rev. Plant Biol. 61,

535-559.

Zheng, M.Z., Cai, C., Hu, Y., Sun, G.X., Williams, P.N., Cui, H.J., Li, G., Zhao, F.J., Zhu, Y.G., 2011.

Spatial distribution of arsenic and temporal variation of its concentration in rice. New Phytol.

189, 200-209.

Zhuang, P., Yang, Q., Wang, H., Shu, W., 2007. Phytoextraction of heavy metals by eight plant

species in the field. Water Air Soil Pollut. 184, 235-242.



612

613

614

615

616

617

618

619

620

621

622

623

624

¢{ Formatted: Indent: Left: 0 cm, First line: 0 ch

Table 1 Heights and biomass weights of water spinach grown in As-contaminated Chenzhou (CZ)

and Shimen (SM) soils inoculated with different levels of chlamydospores of T. asperellum

SM-12F1.
Treatments Water spinach
Height cm Shoot dry weight g pot™ Root dry weight g pot?*
CZ soils
Control 12.2406 b 0.8+0.1c 0.630.1b
1% 14.6+09b 1.540.2b 0.7+0.1 ab
5% 16.4+0.7 a 2.6%0.2 a 1.1#0.1a
SM soils
Control 25.240.7 b 2.5+0.4 b 0.8£0.1b
1% 41.4+2.0a 4.6+0.7 a 1.1+0.2 b
5% 41.1+10a 5.9+0.3 a 1.7¢0.2 a

The different lowercase letter indicates significant difference (P < 0.05) in heights or biomass

weights among different inoculation levels in an individual soil. Data is shown as average value

standard error (SE).
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Table 2 Arsenic content and bioconcentration factors (BCF) as well as translocation factors (TF) of

626 As in water spinach grown in As-contaminated Chenzhou (CZ) and Shimen (SM) soils inoculated
627 with different levels of chlamydospores of T. asperellum SM-12F1.
Treatments As in shoot of Water spinach As in root of Water spinach BCF TF
mg kg™ ug pot™* mg kg ug pot*
CZ soils
Control 3.2+0.5b 2.7+0.6 b 52.7+t4.7 a 32.389.2a 0.02+0.00 b 0.0620.01 b
1% 4.4+1.0b 7.0£2.0b 55.9+6.5a 38.7t7.2a 0.03+0.01 b 0.08+0.02 b
5% 7.7%0.7 a 19.9+2.6 a 52.9+16a 59.8+9.0 a 0.05+0.01 a 0.15+0.01 a
SM soils
Control 2.4+04 a 6.2+1.7 a 116.0+18.0a 89.1+18.4 b 0.02+0.00 a 0.02+0.00 a
1% 2.610.2 a 12.0+2.5a 127.0+14.0a 128.0+16.0 ab 0.02+0.00 a 0.02+0.00 a
5% 2.610.4 a 12.8+2.3a 98.848.9b 178.6+14.3 a 0.01+0.00 a 0.02+0.00 a
628 The different lowercase letter indicates significant difference (P < 0.05) in As concentrations (mg
629 kg'), contents (ug pot?), BDF, or IF among different inoculation levels in an individual soil. Data is
630 shown as average value * standard error (SE).
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