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Abstract :  The objective of the present study is to evaluate morphological responses of black gram seedlings exposed to five different 

concentrations of soil zinc. Black gram is the most important pulse crop cultivated in Kharif, Rabi and Summer throughout India. 

Zinc is a heavy metal as well as essential micronutrient needed by plants in small concentrations. Zinc plays important role in black 

gram crop growth and yield. By the application of recommended dose of zinc fertilizer Black gram crop yield can be increased, but at 

higher concentrations zinc causes phytotoxicity to the black gram plants. Intensive and indiscriminate use of agrochemicals resulted 

into excessive accumulation of zinc in agriculture soils. Pot culture experiment was conducted to study the phytotoxic symptoms of 

zinc metal in black gram crop. In this present work the external visible zinc phytotoxic symptoms on black gram seedlings are recorded 

at five different concentrations of soil zinc. Zinc phytotoxic symptoms recorded in this study are as follows low plant population due 

to failure of seed germination, inhibited root growth, brown necrotic spots on the leaves, down ward curling and rolling of leaves, 

negatively geotropic roots. The information provided by this study can be useful for researchers, black gram cultivating farmers and 

agriculture scientists. 

 

IndexTerms - Black gram, Zinc Phytotoxicity, Negative geotropism, Necrosis, Tip burning, Downward curling 

I. INTRODUCTION 

Black gram (Vigna mungo) belongs to family Fabaceae and sub family Faboideae. In India black gram is one of the most important pulse 

crops grown in Kharif, Rabi and Summer seasons. Generally, it is consumed in the form of Dal. This crop is also used as nutritive fodder as 

well as green manure crop. The crop is resistant to adverse conditions and improve the soil fertility by fixing atmospheric nitrogen into the 

soil. 

Zinc is a heavy metal and essential necessary micro nutrient needed by black gram in smaller concentrations. Zinc plays important role in 

crop growth and yield. By the application of recommended dose of zinc fertilizer black gram crop quality and yield can be improved. But at 

higher concentrations zinc negatively affects the crop growth and development. This condition is called as zinc induced “Phytotoxicity”. In 

black gram.  Zinc phytotoxicity is not a common phenomenon, black gram is resistant to higher levels of soil zinc. But in recent times black 

gram become more prone to Zinc phytotoxicity. 

Due to industrialization, urbanization, modern intensive agriculture zinc concentrations in agriculture soils already reached to phytotoxic 

levels. In this modern era of agriculture for getting higher crop yields excessive usage of agro chemicals like chemical fert ilizers and pesticides 

become common practice. Indiscriminate application of agrochemicals is the main reason behind the accumulation of excessive zinc in soils. 

Zinc is a heavy metal, at elevated concentrations causes “nutrient soil pollution”.   

In agriculture soils nutrient pollution became major problem of concern which is responsible for phytotoxicity and yield reduction. Nutrient 

pollution disturbs the soil ecosystem, increases the soil acidity and also reduces the soil microbial activity which in turn ultimately reduces the 

productivity of soil. In recent times zinc metal deficiency as well as pollution particularly in agriculture soils emerged as a major agronomic 

challenge. 

There is difficulty in differentiating between visible symptoms of zinc deficiency and zinc phytotoxicity. Identification of zinc phytotoxicity 

symptoms in black gram, their diagnosis and determination of extent of damage caused to plants, is a great challenge for agriculture scientists. 

Excessive soil zinc can compete with other plant nutrients like Phosphorous, Iron, Manganese and can cause their deficiencies. Hence there is 

a pressing need for the evaluation of zinc phytotoxic symptoms in black gram. The objective of the present study is to evaluate morphological 

responses of black gram seedlings exposed to five different concentrations of soil zinc. 

Many researchers are reported about the phytotoxicity of excess soil zinc in black gram crop.    

 

S.B.Kalyanaraman et al (1994) conducted earthen pot experiment with black gram and noticed the excess accumulation of Zn in the plant 

induced a reduction in the content of some macro (Calcium, Magnesium, Potassium, Sodium) and micro elements (Iron, Manganese, copper) 

in the plant leaves which indicates the zinc Phytotoxicity. 

S.B.Kalyanaraman et al (2008) conducted a glass house earthen pot experiment to study the effect of Zinc on growth of black gram and noticed 

Zinc phytotoxicity at higher concentrations 

Mingda Liu et al (2013) experimented and identified the concentration and spatial distribution of Zinc in agricultural soils on the basis of 

the integrated Pollution Index (IPI) and Index geo accumulation (Igeo). 

Monika Tiwari et al (2015) studied the effect of copper, and zinc sulphate on seed germination and growth of Black gram. Both are toxic 

but copper is more toxic than Zinc. 

Murray B Mc Bride et al (2015) worked on aging of toxicity of copper and zinc over 10 years period and found that zinc and copper salts 

express significant phytotoxicity after 10 years of field aging despite shift of the metals into less labile forms.  
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Z.Rengel (2015) reviewed about the acidification of the rhizosphere soil increases mobilization of micronutrients like zinc. For zinc 100-

fold increase in solubility for each unit of PH decrease. 

D.Montal VO et al (2016) described the fate of Zinc Fertilizer, it is not only depending on the fertilizer composition but also on the interaction 

of Zinc with the soil and the fertilizer application method. 

Sushree Sangita Barik et al (2018) conducted an experiment to study effect of higher concentrates zinc on black gram (Vigna mungo) and 

suggested that the presence of zinc at higher concentrations resulted in growth inhibition, structural damage of black gram plant. 

Srabani Kar et al (2020) studied adverse effect of Zinc on growth and metabolic activities of pulse crops and suggested farmer should adapt 

foliar application of zinc to take more benefit and avoid soil pollution. 

Sachidanand Tripathi et al (2020) Reported about negative environmental implications of excessive fertilizers and pesticide usage. 

Prezemyslaw Tkaczyk et al (2020) conducted three years of field study and concluded that high rate fertilisation with ammonium nitrate 

accelerated the soil acidification process, which was additionally intensified by the application of superphosphate and potassium salt. 

G.Jat et al (2021) recommended zinc @ 5kg per hectare along with N P K for getting higher productivity in black gram. 

According to past literature zinc phytotoxicity in black gram crop have been less studied in intact plants. 

 

In this present work the external visible zinc phytotoxicity symptoms on black gram seedlings are recorded at five different concentrations 

of soil zinc. 

 

 

RESEARCH METHODOLOGY 

  Pot culture experiment was conducted for observing the morphological symptoms of black gram plant at five different “Soil Zinc” 

concentrations. Red soil was collected from agriculture field, the collected red soil was sun dried for 3 days. All kinds of crop residues, stubbles, 

weeds were removed from the soil. Then the soil was grounded for removing large clods and subsequently sieved by stainless steel sieve. This 

soil is tested for soil zinc concentration and other physiochemical parameters. Black gram seeds and zinc fertilizer (Chelated Zinc EDTA – 

12%) purchased from local market. Plastic pots with drainage holes are used in this experiment. Approximately 500 gm of soil is used for each 

treatment. 

The experiment was conducted by taking five treatments comprising five different concentrations of zinc fertilizer. The treatments 

were named as A, B, C, D, E. Three replications were taken for each treatment. The chemical fertilizer is thoroughly mixed with soil before 

sowing of seeds. 

Treatment A is “control” zinc fertilizer is not added to soil. But the soil zinc concentration is 0.01grams of zinc per kg of soil, in 

treatment B 5gm of fertilizer is added per kg of soil, in treatment C 10 gm of fertilizer per kg of soil, treatment D 15 gm of fertilizer per kg of 

soil, treatment E 20 gm of fertilizer per kg of soil added. 

 

The pots were kept under sunlight in an enclosed area. All the treatment pots along with control were arranged in a completely 

randomized design only little water is given to pots in order to avoid excess drain of fertilizer along with water. 
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RESULT AND DISCUSSION 

Soil Test Report 

 

 
 

 
PHYTOTOXIC SYMPTOMS OF ZINC IN BLACKGRAM 

TREATMENT -A TREATMENT-B TREATMENT-C 

   

CONTROL 5 Grams of Zinc fertilizer 10 Grams of Zinc fertilizer 
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TREATMENT-D TREATMENT-E Inhibited growth of Seedlings 

   
15 Grams of Zinc fertilizer 20 Grams of Zinc fertilizer TREATMENT-E 

 
 
 

  

Initial Phyto toxicity symptoms Inhibited Root Growth Negatively geotropic Roots 

 

 

 

TREATMENT – B TREATMENT-C TREATMENT-D 

 

 

 

ZINC PHYTOTOXICITY IN BLACKGRAM 

S.No. Treatment 

Soil Zinc 

Concentration 

(Grams) 

Zinc 

Phytotoxicity 

1 A 0.01 Absent 

2 B 5.00 Less 

3 C 10.00 High 

4 D 15.00 Very High 

5 E 20.00 Extreme 
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Symptoms are recorded 20 days after sowing. In the present study zinc phytotoxic symptoms are clearly visible in all treatments 

except Control (Treatment A). In Treatment B small rusty brown necrotic spots observed on the leaves. Necrosis is caused by premature 

death of cells. Downward curling of young leaves is evident. In Treatment C inhibited root growth, scorching of leaves, rolling and curling 

of leaves, death of leaves observed. In Treatment D plant growth is totally affected except one single seedling all plants are died. This is due 

to negatively geotropic root development. Inhibited root growth, very poor development of lateral roots, plant root system not able to tolerate 

high concentrations of soil zinc and exhibited negative geotropism. In negative geotropism the roots grow upward, against the gravitational 

pull, above the soil surface. In this case plants are not able to establish themselves in soil and gets dried up and die. Because of this reason 

only single seedling remained with the tip burning symptom on leaf. In Treatment E plant population drastically reduced due to failure of 

seed germination, even though seeds are germinated, plants are not able to survive, dried up and died. After 10 days of sowing further growth 

is not observed in the seedlings, total plant population is vanished.  

The phytotoxic symptoms of zinc may vary with soil type, soil PH, soil zinc concentrations and other parameters. Black gram crop 

genotypes and verities are differ greatly in their tolerance to high zinc concentrations. 

The present symptoms exhibited by crop plants at soil PH 7.18 (slightly alkaline) and the initial zinc concentration in soil taken for 

study is 0.01 grams per kg of soil. 

 

CONCLUSION 

Hence soil must be tested before sowing of seeds for zinc concentration. Appropriate studies are needed to optimize the zinc fertilizer 

application dosage. Instead of soil application, need based spraying of Zinc fertilisers on crop can be more useful. Judicious application of 

agricultural chemicals is one of the most important key factors for getting qualitative crop produce as well as achieving sustainable agriculture 

production. Soil health can be protected by avoiding excessive usage of chemicals. The information provided by this study can be useful for 

researchers, black gram growing farmers and agricultural scientists.  
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