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Abstract

This study investigated the effects of zinc toxicity on seed germination and tolerance index of
Cajanus (Red Gram) and Sorghum (Jowar). Increasing concentrations of zinc (50ppm and
100ppm) significantly decreased seed germination and tolerance index in both plants. Cajanus
exhibited higher seed germination rates (85% and 63%) compared to Sorghum (70% and 55%)
at 50ppm and 100ppm zinc concentrations, respectively. However, Sorghum showed higher
tolerance index values (66.6% and 54.4%) than Cajanus (72.9% and 56.9%) at corresponding
zinc concentrations. The study suggests that both plants exhibit concentration-dependent
responses to zinc toxicity, with significant implications for crop management in zinc-
contaminated soils.
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1. Introduction

Water assumes a vital part in the soil and plant development relationship. Water fills in
as the dissolvable and transporter of food supplements for the development of plants. Industrial
wastewater can have far-reaching effects on the ecosystem. The water used in various industrial
processes comes in contact with toxic chemicals, heavy metals, organic sludge, and even
radioactive sludge. So, when such contaminated water is tossed into the sea or other water
bodies without any treatment, they become unfit for any human and agricultural use. Zn is one
of the important micronutrients. Zinc plays an important role in plants and its deficiency may
cause stress in plants and decrease nutritional quality in food crops (Clemens 2006.) Zinc is an
essential micronutrient for plant growth and development, playing a crucial role in various
physiological processes. However, excessive amounts of Zn can lead to toxicity, causing adverse
effects on plant growth. Zn toxicity occurs in soils contaminated by mining and smelting
activities, in agricultural soils treated with sewage sludge, and in urban and peri-urban soils
enriched by anthropogenic inputs of Zn (Chaney, 1993). Insoluble Zn in soils can contaminate
groundwater and excessive applications of Zn contain fertilizers or pesticides and use of Zn
contaminated sewage sludge’s (Giuffre et al.,, 2012). Several types of Zn fertilizers are available
in the form of chelated Zn that is relatively mobile in the soil. The inorganic fertilizers like zinc
oxides, sulphate and nitrates are widely used (chakmak 2008.).
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Germination and seedling growth are valuable stages in the life of plants (Vange et al,,
2004). In some cultivated species the treatment with Zn reduces seed germination (Sharma et
al., 2010). Prasad et al,, (1999) studied on effect of Zn metal stress in Brassica juncia. He used
three concentrations i.e. 0.007, 0.05, 5 and 10Mm of ZnSo4 Zn at 0.5mm promoted the growth of
seedling but at 5and 10mm caused significant reduction in seedling growth. The length of the
root, the length of the hypocotyls, and the length of the seedling in the variants of treatment,
presented average values lower than in the control, values decreasing with the increase of the
concentration of the metal (Michael and Krishnaswamy. 2014).
2. Material and Methods

2.1 Field preparation and experimental design

The district regional climate is Agro-Ecological Sub Region on Eastern Coastal plain, hot
sub-humid to the semi-arid Eco region (12.1, 18.4). Agro-Climatic Region East Coast plain and
hill region XI). Geographic coordinates of district latitude 160 58' 60"N longitude 180 46' 60" E
altitude 13m AMSL. Rajahmundry is an industrial area surrounding villages that mainly depend
on agriculture. The stone crushers and smaller industries caused heavy metal pollution along
with automobile exhausts and affect the agricultural crops. In the East Godavari district, mainly
cultivated crops are Rice, Maize, Red gram Sorghum, Sugar cane, and some other vegetable
crops.

Six fields (three fields for Cajanus and three for Sorghum) were taken based on the Zn
concentration. Out of the six fields, two fields had high Zn concentrations belong to Area-1 (10
km distance from the industries), having ~50 ppm(50ppm) of Zn, and two fields belong to Area-
2 (5 km distance from the industries), having ~100ppm of Zn. Remaining two fields were
normal area (30-50 km from industries.), having ~ 2ppm Zn, which is located in
Rampachodavaram rural areas, is considered as controlled field. Remaining elements all are
adequate in range in each field, but only Zn was high level in those four fields. Based on this
reason further research was conducted for Zn effect on plant growth and development.
Experimental field was ploughed with a tractor and harrowed before seed sowing.

2.2 Plant material

Two types of plants Pigeon pea (Cajanus Cajan (L.) Millspaugh) and Sorghum bicolor (L)
were selected for the investigation. The seeds were obtained from agriculture research stations
Rampachodavaram and Rajahmundry east Godavari district Andhra Pradesh. The seeds are
placed into the furrows at a specific distance manually by a man working behind a plough. In
present experimental fields depth of seed sowing is 25mm in Sorghum and 5cm in Cajanus.

2.3 Germination percentage

Seeds of Cajanus and Sorghum were cultivated separately in experimental fields
containing ~2 (2ppm), ~50 (50ppm), and ~100 (100ppm) Zn contamination soils. Germinate at
natural climatic conditions.

2.4 Tolerance Index (%)
The tolerance index of each concentration against each of the Zn concentration at the end
of the research both of the plants Cajanus and Sorghum plants height was calculated as follows:

Mean plant length of plants in contaminated areas

Tolerance index (%) = -
0) Mean plant length of plants in control areas

3. Results
3.1 Per Cent Seed Germination

Percent seed germination of both the plants Cajanus and Sorghum was decreased with
increasing concentrations of Zn. The seed germination of controls exhibited 98 percent in
Cajanus and 96 percent in Sorghum (Fig.1.1). The 100ppm Zn recorded the lowest percent
germination in both of the plants Cajanus and Sorghum. The seeds of Cajanus recorded 85 and
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63 percent seed germination 50ppm and 100ppm respectively. The percentage of seed
germination Sorghum recorded 70 and 55 percent germination in 50ppm and 100ppm
respectively (plate-1, 2, and 3).
Among the two plants, Sorghum exhibited lower percent germination in two Zn contaminated
areas than Cajanus. However, greater reduction percent seed germination showed in 100ppm
high Zn concentrations than control and 50ppm.
3.2 Tolerance index

The tolerance index of the plants of Cajanus and Sorghum at the end of the season
decreased with increasing Zn concentration (Fig. 1.2). Among the two Zn concentrations, plants
exposed to 100ppm Zn recorded the lowest index values. The Cajanus recorded 72.9, 56.9
percent tolerance index in 50ppm and 100ppm Zn concentrations respectively. Sorghum
resulted in 66.6, 54.4 percent tolerance index at 50ppm and 100ppm Zn concentrations
respectively. Greater tolerance index values were recorded in Sorghum than Cajanus.
Plate - 1

Plate 1: Effect of Zn toxicity on seed germination of Cajanus and Sorghum

a- Cajanus 2ppm Zn concentration was treated as control area
b- Sorghum 2ppm Zn concentration was treated as control area
Plate -2

111



International Journal of Academic Research

Plate 2: Effect of Zn toxicity on seed germination of Cajanus and Sorghum

a- Cajanus 50ppm Zn concentration was treated as contaminated area-1
b- Sorghum 50ppm Zn concentration was treated as contaminated area-1
Plate - 3

Plate 3: Effect of Zn toxicity on seed germination of Cajanus and Sorghum

a- Cajanus 100ppm Zn concentration was treated as contaminated area-2
b- Sorghum 100ppm Zn concentration was treated as contaminated area-2
Figure 1.1: The effect of Zn stress on percent seed germination of Cajanus & Sorghum
(Vertical lines represent S.E.).
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Figure 1.2: Tolerance index (per cent of control) of Cajanus & Sorghum
at the end of the growth season under Zn stress. (Vertical lines represent S.E
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4.Discussions

Percent seed germination of Cajanus and Sorghum decreased with increasing
concentrations of Zn. The seed germination of controls exhibited 98 percent in Cajanus and 96
per cent in Sorghum (Fig 1.1). Zn at higher quantity it abridged the germination percentage
(Sudarshana Sharma et al., 2010). Treatment of lead and cadmium with 25, 50, 75 and 100 ppm
of showed in Leucaena leucocephala gradual reduction in seed germination and seedling growth
(Shafiq et al., 2008). Higher concentrations of Zn considerably reduce the germination of plants,
including Vigna unguiculata, Cassia angustifolia, and Glycine max (Basha et al., 2015 and Gupta
etal, 2016)
We observed control areas at sufficient level of Zn (2ppm) showed a significant increase in
germination, plant growth, whereas in contaminated areas are affected at high level of Zn (50-
100ppm) showed grater reduction of seed germination and plant growth (plate.2,3). Notably
germination in 48, 74 hours delay in 50ppm and 100ppm Zn concentrations respectively when
compared to the controls. They exhibited late seed germination and always shown very slow
seedling growth rate when compared to the controls in both of the plants. Among the three
areas Sorghum always exhibited highest reduction of germination than Cajanus.
100ppm Zn exhibited greatest reduction of seed germination may be due to the excess amount
of Zn in both of the plants Cajanus and Sorghum. The excess amount of Zn uptake through the
root can be considered an important cause for variation in seedling growth performance of
Cajanus and Sorghum seedlings. The decrease in seed germination of Cajanus and Sorghum due
to Zn treatment is in conformity with the previous findings (Mahalakshmi et al., 2003; Mahmood
etal,, 2005; Rahman et al., 2011).
Tolerance index of Cajanus and Sorghum plants studied increase up to post flowering stage.
Sorghum registered greater tolerance index values than Cajanus (Fig.1.2). Rengel (2000)
reported that the response of the plants to high Zn concentration was related to their tolerance
capacity of Zn. The decrease of the relative yield at higher concentrations could be due to the
toxic effect of Zn that damages plant growth (Atici et al., 2005). Increasing Cu, Pb and Zn had
significant adverse effects on metal toxicity tolerance all crop seedlings (Tariq Mahmood et al,,
2007.). TI decreases progressively with the increase of Zn concentration in solution tolerance
index values lower than 50 % were recorded at concentrations between 200 mg/1 and 600mg/1
(Anisoara Stratu and Naela Costica 2015).
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Notably lowest tolerance index values were noticed at 100ppm in both of the plants Cajanus and
Sorghum when compared to their respective controls. The increase in copper and Zn
concentrations decreased vigor and tolerance indexes of tomato seedlings compared to control,
treatment (Ashagre et al,, 2013)
5.Conclusion

The study reveals that increasing zinc concentrations significantly impact seed
germination and tolerance index of Cajanus and Sorghum. Cajanus exhibits better seed
germination rates, while Sorghum shows higher tolerance index values under zinc stress. These
findings suggest that both plants have different mechanisms to cope with zinc toxicity. The
results of this study can be useful for developing strategies to manage zinc-contaminated soils
and improve crop productivity.
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