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Abstract 

The present study illustrates the phytotoxicity of arsenic (As) on wheat (HUW-234) seedlings and pre-

application of zinc sulphate and vermicompost for mitigating toxic effects of As. Seedlings of HUW-234 

genotype of wheat (Triticum aestivum L.) were raised in pot soil culture using eight treatment 

combinations viz., Control, Vermicompost @ 15 t.ha-1, ZnSO4.7H2O @ 20 ppm Zn, Vermicompost @ 15 

t.ha-1+ ZnSO4.7H2O @ 20 ppm Zn, Na2HAsO4.7H2O @ 30 ppm As, Na2HAsO4.7H2O @ 30 ppm As + 

Vermicompost @ 15 t.ha-1, Na2HAsO4.7H2O @ 30 ppm As + ZnSO4.7H2O @ 20 ppm Zn and 

Na2HAsO4.7H2O @ 30 ppm As + Vermicompost @ 15 t.ha-1 + ZnSO4.7H2O @ 20 ppm Zn. Perusal of 

data indicated that arsenic @ 30 ppm treated pots showed decrease in plant height, leaf area and shoot 

dry matter as compared to pots with no arsenic treatment. Zinc @ 20 ppm and Vermicompost @ 15 t.ha-1 

alone resulted in increase in plant height, leaf area and shoot dry matter. The highest plant height, leaf 

area and shoot dry matter in arsenic treated pots were found in treatment supplemented with Zinc @ 20 

ppm and Vermicompost @ 15 t.ha-1, whereas, least of above parameters were recorded in pots without 

zinc and vermicompost supplementation. 
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Introduction 

Wheat (Triticum aestivum L.) is one of the strategic cereal crop for the majority of world’s 

population and caters to about two billion people (36% of the world population). Worldwide, 

wheat provides nearly 55% of the carbohydrates and 20% of the food calories consumed 

globally (Breiman and Graur, 1995) [5]. In India, wheat is the second most important staple 

cultivated food after rice and consumed by nearly 65% of the Indian population and ranks first 

in dietary shares in northern India represented by Gangetic plains (Joshi et al., 2007) [10]. Of 

the cultivated wheat area, half is located in less developed countries where there have been 

steady increases in productivity since ‘Green Revolution’, associated with genetic 

improvements in yield potential (Reynolds and Borlaug, 2006) [24]. 

Wheat production in recent years has reached a plateau where further increase in productivity 

and yield is rather difficult. Now a days heavy metal toxicity is a severe threat to agricultural 

crop production in India. Arsenic (As) is a toxic metalloid (Rathinasabapathi et al., 2006) [23]. 

The inorganic arsenate As (V) and arsenite As (III) are the main phytoavailable forms of As in 

soil solution (Meharg and Hartley-Whitaker, 2002) [16]. Mahdieh et al. (2013) [14] reported 

reduction of wheat growth and yield as a result of arsenic accumulation in plant shoot. Linger 

et al. (2005) [12] studied that the photosynthetic apparatus appears to be very sensitive to the 

toxicity of heavy metals, which invariably affect the photosynthetic functions either directly or 

indirectly by inhibiting the enzyme activities of the Calvin cycle and CO2 deficiency due to 

stomatal closure. Baszynski and Krupa (1995) [3] reported that heavy metals impede the 

enzymes associated with photosynthetic carbon reduction cycle and all of three phases of the 

Calvin cycle such as, carboxylation, reduction and regeneration, especially carboxylation 

phase, in plants. Ahmad and Gupta (2013) [1] examined the comparative effect of As species 

As (III) and As (V) on accumulation, biochemical responses, and gene expression analysis in 

Brassica juncea var. Pusa Jaganath (PJn) and showed that reduction in seed germination, root–

shoot length, chlorophyll, and protein content with increasing concentration and exposure time 

of both As species, being more in As(III)-treated leaves. Zhang et al. (2009) [26] showed that 

arsenic @50-100 mg/kg of soil treatment significantly (p<0.05) reduced root, stem and spike 

dry weight and yield components, which resulted in the decrease of grain yield per plant. 

Zinc (Zn), a redox-inactive metal, helps to maintain cellular functions because of its prominent 

role in antioxidant network through multiple mechanisms. Li et al. (2006) [11] reported that 

when wheat grains were polluted by As-Zn combination, Zn had an antagonism effect on As.  
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When concentration of As was low (≤20 mg L-1), the 

accession of Zn reduced the poison of As to wheat seedling. 

In addition, Zn had a synergism effect on As when 

concentration of As was high (20 mg L-1), which aggravated 

the poison of single pollution to wheat seedling. 

The activity of earthworms and appropriate addition of 

amendment materials played a positive role in sequestering 

heavy metals during the treatment of sewage sludge. 

Manáková et al. (2014) [15] showed that a reduction in arsenic 

mobility and bioavailability was noticed with application of 

matured composts and vermicomposts. The combined process 

exhibited a greater effect than compost or vermicompost 

applied alone. Das et al. (2016) [6] showed that organic 

amendments reduced arsenic contamination significantly and 

vermicompost was the most effcient in this regard. 

Keeping the above scientific studies in mind, the present 

investigation was carried out to study the interaction effect of 

zinc and vermicompost on physiological and yield attributes 

in wheat under arsenic toxicity. 

 

Materials and Methods 

The experiment was carried out as pot culture experiment in 

the net house of Department of Plant Physiology, during Rabi 

season, 2016-17, taking one genotype of wheat i.e. HUW-

234. The seeds were procured from the Department of 

Genetics & Plant Breeding, Institute of Agricultural Sciences, 

Banaras Hindu University. 

The seeds were sown in plastic pots each containing 5 kg well 

pulverized soil, collected from the Agri. Farm of Institute of 

Agricultural Sciences, B.H.U. The specific pots were treated 

two weeks before sowing with sodium arsenate hepta-hydrate 

salt i.e. Na2HAsO4.7H2O (@ 30 ppm As on soil basis, zinc 

sulphate salt i.e. ZnSO4.7H2O (@ 20 ppm zinc and 

recommended dose i.e. 15 tonnes of vermicompost. The 

fertilizer was applied at the rate of 150: 60: 60 kg ha-1 of N2: 

P2O5: K2O respectively. The details of eight treatment 

combinations were, Control (A0Z0V0); Vermicompost @ 15 

t.ha-1 (A0Z0V1); ZnSO4.7H2O @ 20 ppm Zn (A0Z1V0); 

Vermicompost @ 15 t.ha-1+ ZnSO4.7H2O @ 20 ppm Zn 

(A0Z1V1); Na2HAsO4.7H2O @ 30 ppm As (A1Z0V0); 

Na2HAsO4.7H2O @ 30 ppm As + Vermicompost @ 15 t.ha-1 

(A1Z0V1); Na2HAsO4.7H2O @ 30 ppm As + ZnSO4.7H2O @ 

20 ppm Zn (A1Z1V0); Na2HAsO4.7H2O @ 30 ppm As + 

Vermicompost @ 15 t.ha-1+ ZnSO4.7H2O @ 20 ppm Zn 

(A1Z1V1) 

There were eight pots for each of three replications and five 

healthy plants were kept in each pot. Morphological 

parameters i.e. plant height, leaf area, total shoot dry matter 

and biochemical parameters were recorded at two stages 45 

days after sowing (DAS) and 75 DAS, whereas, yield and 

yield attributes were recorded at harvest. The data of 

morphological and biochemical parameters recorded at 75 

DAS is presented in this paper. Plant height was recorded 

with the help of metre scale from base to apical tip of the 

main tiller. Leaf area was recorded by dry weight method. 

The dry weight of shoot was recorded by drying the shoot in 

hot air oven (NSW-142) at 100 oC temperature for one hour 

for ‘killing process’ and then kept at 72 oC for 48 hours or till 

constant weight was obtained. 

Total chlorophyll content and carotenoids contents were 

determined using dimethyl sulfoxide (DMSO) according to 

the method described by Hiscox and Israelstam (1979) [9]. 

Grain yield and number of ears were recorded at harvest in 

three replicates and expressed on per plant basis. 1000 seeds 

were counted without bias and their weight was recorded as 

test weight in grams. Number of grains per ear was calculated 

using grain yield, number of ears and test weight.  

Analysis of variance was performed as per standard statistical 

procedures as described by Panse and Sukhatme (1967) [20]. 

Critical difference values were calculated at 5 per cent 

probability level for pot experiments. 

 

Results and Discussion 

Critical assessment of data revealed that arsenic, zinc and 

vermicompost interacted with each other significantly at 75 

DAS for growth and physiological parameters (Table 1 & 2) 

and for yield and yield attributes (Table 3). At 75 DAS, the 

highest plant height (86.96 cm) was obtained with the 

application of Zinc @ 20 ppm (Z1) in combination with 

Vermicompost @ 15 tha-1 (V1) in without arsenic treated pots 

(A0) while the least plant height (79.98 cm) being observed in 

the treatment where application of no zinc (Z0) and no 

vermicompost (V0) and Arsenic @ 30ppm (A1) was applied. 

At 75 DAS the highest leaf area (647.17 cm2) was recorded 

with the application of Z1 in combination with V1 in the A0 

treated pots while the least (221.63 cm2) being observed in the 

treatment Z0 and V0 in combination with A1. The shoot dry 

matter had an increment from 3.31 g plant-1 recorded for 

A1Z0V0 to 8.47 g plant-1 for A0Z1V1 treatment. 

In our experiment, arsenic @ 30 ppm treated pots showed 

drastic significant reduction in plant height, leaf area and 

shoot dry matter as compared to pots with no arsenic 

treatment. Zinc @ 20 ppm and Vermicompost @ 15 tha-1 

alone resulted in increase in plant height, leaf area and shoot 

dry matter. The highest plant height, leaf area and shoot dry 

matter in arsenic treated pots were found in treatment 

supplemented with Zinc @ 20 ppm and Vermicompost @ 15 

tha-1, whereas, least of above parameters were recorded in 

pots without zinc and vermicompost supplementation. The 

reason of reduced shoot length in metal treatments could be 

due to the reduction in meristematic cells present in this 

region and some enzyme contained in cotyledon and 

endosperm. Cells become active and begin to digest the stored 

food which is converted into the soluble form and transported 

to the radicle and plumule tips e.g. enzyme amylase convert 

starch into sugar and protease act on protein. So when the 

activities of different enzymes were affected, food did not 

reach to the radicle and plumule and in this way shoot and 

seedling length were affected (Baccouch et al., 1998) [2]. The 

reduction in the growth could be also due to the suppression 

of the elongation growth rate of cells, because of an 

irreversible inhibition exerted by heavy metal on the proton 

pump responsible for the process (Dey et al., 2009) [7]. 

Reduction in elongation may be associated with the 

intensification of cell wall strengthening by lignification, 

which was reported in heavy metal-stressed plants (Diaz et 

al., 2001) [8]. In general, heavy metals are known to decrease 

the plasticity of cell walls, probably by direct binding to 

pectins and by promoting peroxidase activity in the cell walls 

and intercellular space; these peroxidases are essential for 

lignification and linkage between extensin and 

polysaccharides containing ferulic acid (Bhalerao et al., 2015) 
[4]. All these might have lead to reduction in shoot growth. 

Toxic effect of heavy metal was also seen on morphology and 

anatomy of crop plants. Similar to our results, significant 

reduction in leaf area was reported when Cr was applied to 

soil at the rate of 60 mg kg−1 (Singh, 2001) [25]. The probable 

reason behind it may be that heavy metals may decrease the 

mesophyll thickness, the size of vascular bundles, the vessel 

diameter in the main and lateral vascular bundles, and the 
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width of epidermal cells as well as reduction in volumes of 

intercellular spaces and palisade and sponge mesophyll cells 

(Molas, 1997) [17] and toxic effects of heavy metals on 

photosynthetic machinery (Linger et al., 2005) [12]. 

There are numerous reports of toxic effect of heavy metals on 

reduction in shoot dry weight in crop plants (Rao and Sresty, 

2000; Pandey and Sharma, 2002) [22, 19]. This decrease in dry 

matter accumulation could be attributed to lesser plant height 

and leaf area in arsenic treated plants and decreased 

chlorophyll content as in case of the present experiment. 

Analysis of data showed that there was a significant variation 

in total chlorophyll and carotenoid contents (Table 3). At 75 

DAS the combined effect of Z1V1A1 markedly increased total 

chlorophyll content (0.76 mg g-1 F.W.) over Z0V0A1 (0.51 mg 

g-1 F.W.) showing ameliorative effect of zinc and 

vermicompost application, whereas, highest chlorophyll 

content was recorded in Z1V1A0 (1.46 mg g-1 F.W.). Similar 

results were observed for carotenoid content at 75 DAS, the 

combined effect of Z1V1A1 markedly increased total 

carotenoid content (0.56 mg g-1 F.W.) over Z0V0A1 (0.29 mg 

g-1 F.W.), whereas, highest carotenoid content was recorded 

in Z1V1A0 (0.60 mg g-1 F.W.). 

In case of physiological parameters there was significant 

reduction found in chlorophyll content and carotenoids 

content due to arsenic toxicity. The probable reason behind 

the reduced content of chlorophyll by arsenic may be due to 

the inhibition of the enzymes associated with biosynthesis. 

The decline in chlorophyll content in plants exposed to heavy 

metal stress is believed to be due to the inhibition of 

important enzymes, such as δ-aminolevulinic acid 

dehydratase (ALA dehydratase) and 

protochlorophyllidereductase (Padmaja et al., 1990) [18], 

associated with chlorophyll biosynthesis and another 

mechanisms. 

There was slight non-significant decrease in number of ear 

per plant in wheat due to arsenic treatment. Number of grains 

per ear, test weight and grain yield reduced significantly due 

to arsenic treatment. The interaction of Arsenic×Zinc, 

Arsenic×Vermicompost and Arsenic×Zinc×Vermicompost 

was found to be significant for number of grains per ear, test 

weight and grain yield and there was significant increase in 

number of grains per ear, test weight and grain yield, 

indicating zinc and vermicompost reducing the toxic effects 

of arsenic. The decrease in yield parameters and yield due to 

arsenic treatment could be due to effect of arsenic on altering 

metabolic enzyme activities, thus reduced morphological 

parameters such as leaf area and shoot dry matter, reduction 

in chlorophyll activity in the present experiment. 

In our experiment, zinc @ 20 ppm and vermicompost @ 15 

tha-1 in arsenic treated pots were better in most of the 

parameters as compared to no zinc and no vermicompost. The 

research findings of Li et al., 2006 [11] show conformity with 

our results i.e., when concentration of As was low (≤20 mg L-

1), the accession of Zn reduced the poison of As to wheat 

seedling, promoted growth of wheat seedling and increased 

content of chlorophyll and activity of α-amylase. Liu et al. 

(2005) reported a significant decline in root biomass 

production in wheat seedlings and grain yield with the 

increase in As (III) and As (V) concentrations for all six 

varieties of Triticum aestivum studied. Combined applications 

of lathyrus + vermicompost + poultry manure reduced arsenic 

transport in plant parts (Rahaman et al., 2011) [21]. Manáková 

et al. (2014) [15] have also reported a reduction in arsenic 

mobility and bioavailability in all matured composts and 

vermicomposts. 

 
Table 1: Effect of different levels of Arsenic, Zinc and Vermicompost on plant height, leaf area and shoot dry matter of wheat 

 

Treatments Plant Height (cm) 75 DAS Leaf Area (cm2) 75 DAS Shoot Dry Matter (g plant-1) 75 DAS 

A×ZV Z0V0 Z0V1 Z1V0 Z1V1 Z0V0 Z0V1 Z1V0 Z1V1 Z0V0 Z0V1 Z1V0 Z1V1 

A0 81.65 82.18 82.95 86.96 307.73 367.25 411.53 647.17 6.32 7.27 7.35 8.47 

A1 79.98 80.61 83.39 85.04 221.63 320.34 384.13 577.03 3.31 5.85 6.53 6.58 

SEm+ 1.09 62.69 0.35 

CD (0.05) 3.30 190.16 1.07 

[A0: No Arsenic; A1: Arsenic @ 30ppm; Z0: No Zinc; Z1: Zinc @ 20ppm; V0: No Vermicompost; V1: Vermicompost @ 15 t.ha-1] 

 
Table 2: Effect of different levels of Arsenic, Zinc and Vermicompost on total chlorophyll and carotenoids contents in leaves of wheat 

 

Treatments Chlorophyll Content (mg g-1 F.W.) 75 DAS Carotenoids Content (mg g-1 F.W.) 75 DAS 

A×ZV Z0V0 Z0V1 Z1V0 Z1V1 Z0V0 Z0V1 Z1V0 Z1V1 

A0 1.27 1.36 1.37 1.46 0.49 0.57 0.55 0.60 

A1 0.51 0.65 0.84 0.76 0.29 0.34 0.40 0.56 

SEm+ 0.01 0.01 

CD (0.05) 0.03 0.02 

[A0: No Arsenic; A1: Arsenic @ 30ppm; Z0: No Zinc; Z1: Zinc @ 20ppm; V0: No Vermicompost; V1: Vermicompost @ 15 t.ha-1] 

 
Table 3: Effect of different levels of Arsenic, Zinc and Vermicompost on yield and yield attributes of wheat 

 

Treatments No. of Ears Plant-1 No. of Grains Ear-1 Test Weight (g) Grain Yield Plant-1 

A×ZV Z0V0 Z0V1 Z1V0 Z1V1 Z0V0 Z0V1 Z1V0 Z1V1 Z0V0 Z0V1 Z1V0 Z1V1 Z0V0 Z0V1 Z1V0 Z1V1 

A0 3.35 3.50 3.43 3.78 49.45 50.87 52.26 51.10 33.50 34.15 34.98 35.15 5.55 6.08 6.27 6.79 

A1 3.11 3.43 3.54 3.55 47.82 49.17 55.24 54.68 28.58 31.31 34.16 34.93 4.25 5.28 6.68 6.78 

SEm+ 0.28 0.88 0.96 0.47 

CD (0.05) NS 2.66 2.90 1.42 

[A0: No Arsenic; A1: Arsenic @ 30ppm; Z0: No Zinc; Z1: Zinc @ 20ppm; V0: No Vermicompost; V1: Vermicompost @ 15 t.ha-1] 
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