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ABSTRACT

INTRODUCTION

Now a day, there has been a rising ecological and global public health concern associated with environmental
contamination by the metals (Paul et al., 2012). According to the literature reviewed the heavy metals sources
include geogenic, industrial, agricultural, pharmaceutical and domestic discharges (Akpor 2014). Insufficient
copper results in stunting of plants. In copper elevated soil crops might receive the toxic substances from the
soil and might cause serious health issues in people consuming them (Sarmishta, 2014). Increased
concentration of Cu may reduce soil fertility having adverse effects on crop yield and quality (Dumestre et.
al., 1999). When copper sulfate is applied excessively, soil copper levels become toxic to plants (Singh et al.,
2007; Houshmandfar & Moraghebi, 2011). Vigna mungo (Black gram) is one of the frequently grown pulse
crops throughout the world. In Pakistan, it is grown as a minor crop and used as food. It contains iron, calcium,
magnesium and vitamins, they are highly nutritive food.

Egg shells as a wastage from hatcheries, homes and fast food industries are readily collected in plenty.
Eggshells contain calcium and trace amounts of other micro elements, and can efficiently increase plant growth
and yield (Chavan 2015). Ca+ plays a very important role in plant growth and nutrition, as well as in cell wall
deposition. Ca+ neutralizes cell acids as well. Ca+ insufficiency in root tips, young leaves, and shoot tips shows
distorted growth due to improper cell wall formation.

OBJECTIVES

Cost is actually an important parameter for comparing the adsorbent materials. The question behind the current
research is that, how much effectively egg shell can absorb toxic metal “copper” from plant Vigna mungo?

METHODOLOGY

The present research was planned to evaluate the adsorption potential of egg shell powder for toxic metal
“Copper” in Vigna mungo. Cost is a major factor deals with the use of adsorbent in a large scale. The seeds
were sown in randomized block design supplied with different concentrations of Copper as CuSO4/Kg soil (0,
25, 50, 75 and 100ppm). Adsorption of copper was carried out by the application of 10gm egg shells powder/
kg soil to all applied levels of copper. The plants were harvested after 25 days. Various biophysical and
biochemical parameters like shoot length, root length, Carbohydrate content and Total protein were pragmatic
to evaluate the efficiency of egg shell powder for adsorption of CuSO4 in Vigna mungo. Aim of current
research was mainly focused on the improvement of crop productivity of agricultural land by adsorbing toxic
metal copper from the soil by a free of cost adsorbent (Eggshells) which may be collected in bulk amount from
hotels, restaurants and bakeries and off course from the residential areas.
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RESULTS

Shoot Length

Present study showed that the shoot length of Vigna mungo increased at lower concentrations of CuSOa,
whereas it was significantly inhibited at higher concentrations as compared to control (Sarmishta, 2014).
According to the data presented in Figure 1, shoot length of Vigna mungo growing in various concentrations
of copper sulfate was 14.85+0.66, 15.8+1.39, 12.7+0.39 and 11.58+0.87 and it was 13.5+0.49 at 0 ppm CuSO..
Copper is involved in lignin synthesis and in some other vital functions too. But extensive Cu supply to soil
and leaves showed significant decrease in root and shoot length (Sarmishta, 2014; Sonmez et al., 2006; Sheldon
& Menzies, 2005). Reduction in shoot length was appreciably improved by the application of egg shell powder
to Vigna mungo growing in all applied levels of copper up to 16.5+0.43, 16.9+0.91, 13.2+0.86 and 12.8+0.52
as compare to experimental plants. This improvement may attribute to the presence of macro and
micronutrients and most importantly calcium ions in egg shell powder which activates various enzymes and
cell wall formation (Li, 2017; Peter, 2005).

Fig. 1: Effect of copper sulfate and its adsorption by egg shell powder
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Root Length

Roots grow downward and grasp the plant to their substratum, and conduct water and minerals from the soil
to the aerial parts. Current data revealed that root length of Vigna mungo increased markedly at lower
concentrations but it was significantly inhibited at higher concentrations of CuSQa, upto 16.35+3.4, 17.78+2.6,
14.3tx1.5and 12.13+2.5 cms. Whereas it was found to be 15.7+0.5 in control plants. This may be due to copper
to a breakdown in copper tolerance mechanism in roots (Sheldon & Menzies, 2005). High conc. of Cu is
poisonous to plant roots (Askari & Khurshid, 2018: Askari et. al., 2017), it interferes with iron and other
nutrients uptake, especially in acidic soils where pH is uncontrolled (Lamichhane et.al., 2018). By the
application of egg shell root length of Vigna mungo enhanced up to 17.86+4.5, 20.25+4.1, 14.5+£2.79 and
14.48+4 cms at all applied levels of CuSOs respectively (Figure 2). Egg shell powder provides calcium ions to
the plant which in the form of calcium pectate makes middle lamella which serves to bind the cells together.
Calcium is also supposed to be a fundamental growth regulator of plants (Peter, 2005) as it is involved in
activating certain enzymes for cellular activities (Li, 2017; White, 2003).
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Fig. 2: Effect of copper sulfate and its removal by egg shell powder on

. ROOT LENGTH of Vigna mungo

s Experimental
20.25 plants

20 4
mmmm Treated plants

R?=0.4577

——Linear
(Treated
plants)

——Linear
(Treated
plants)

R?=0.1367

=
w
L

Root Length (cms)
=
o

w
L

0 25 50 75 100

CuS04 (ppm)

Soluble Carbohydrates (Yemm and Wills, 1945)

Carbohydrate is the photosynthetic product. Data presented in Figure 3 showed that Carbohydrate contents
were significantly declined in Vigna mungo at all applied concentrations of copper sulphate as 21.3+3.7,
21.149.3, 16.8+1.3 and 15.2+2.06 over control where it was found to be 22.3+2.7 mg/gm/f.wt (Figure 3).
CuSOs4. Accumulation of copper inhibits photosynthesis in plants which ultimately causes reduction in
carbohydrates (Badr et.al., 2004). Cu toxicity induce adverse effects of light which decreases photosynthetic
activity (Inmaculada et. al., 1996b). Various authors suggested that the low chl. content in leaves in the
presence of increased Cu level is due to a Cu-induced Fe deficiency (Péatsikka et al. 2002, Inmaculada et. al.,
1996b). Decrease in carbohydrates may attribute to the shortage of water and minerals due to root damage or
decrease in root length (Figure 2).

Reduced Carbohydrate contents due to copper accumulation were significantly improved by the application of
egg shell powder upto 19.6+2.6, 23.2+9.5, 19.3+7.5 and 16.6+2.2 mg/gm/f.wt. Egg shell provides calcium to
the plants which not only involved in activation of enzymes, cell wall formation but also involve in the electron
transport chain of photosynthesis (Peter, 2017; Xu, 2013).

Fig.3: Effect of Copper Sulfate And Its Removal by Egg Shell Powder on
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Total Protein Content (Lowry et al., 1951)

Data presented in Table 2 revealed that protein contents in Vigha mungo decline significantly at all applied
levels of copper except at the concentration of 50 ppm (68.7) upto 67.25, 68.7, 56.2, 51.6 whereas it was 67.75
mg/gm F.wt. This decrease of protein contents in experimental plants may attribute to the attraction of copper
for protein and enzymes, due to their mercapto ligands for the formation of chelate and hence losing their
functional property or it may be due to hydrolysis of protein under copper stress. Proteins participate in
numerous physiological functions in plants (Printz, 2016: Singh and Tewari, 2003) but their excess amount
may be harmful or even lethal (Printz, 2016; Inmaculada et. al., 1996b). Application of egg shell powder to
the Vigna mungo growing under copper stress remarkably enhanced the protein contents upto 65.93, 71.7, 56.3,
60.4 mg/gm F.wt., this improvement in protein contents may attribute to the presence of calcium and various
other macro and micronutrients in egg shell powder (Figure 4). Calcium plays a dogmatic role in maintaining
and controlling membrane structures and participates in various functions like activation of enzymes and
proteins they also reduce the loss of chlorophyll.

FIG. 4: Effect of Copper Sulfate and its removal by Egg Shell Powder
on TOTAL PROTEIN of Vigna Mungo
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Table 1: Effect of copper on shoot length and root length of V. mungo & its adsorption by egg shell

powder.
Cu [ppm] Shoot Length (cm) Root Length (cm)

- Experimental Treated Experimental Treated

0 13.5+0.49 13.5+0.49 15.7+0.5 15.7+0.5
25 14.85+0.66 15.5+0.43 16.35+3.4 17.86+4.5
50 15.8+1.39 16.1+0.91 17.78+2.6 20.25+4.1
75 12.7+0.39 13.2+0.86 14.3+1.5 14.5+2.79
100 11.58+0.87 12.8+0.52 12.13+2.5 14.48+4

Table 2: Effect of copper on Carbohydrates and Proteins of V. mungo & its adsorption by egg shell

powder.
Cu [ppm] Carbohydrates (mg/gm F.wt) Proteins (mg/gm F.wt)
Experimental Treated Experimental Treated
0 22.3£2.7 22.3£2.7 67.75+4.3 67.75+4.3
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25 21.3+£3.7 18.6+2.6 67.25+7.8 65.93+57.9
50 24.1+9.3 23.249.5 68.7+1.2 71.7+6.7
75 16.8+1.3 19.3+7.5 51.6+15.7 56.349.3
100 15.2+2.06 16.6+2.2 56.2+4.9 60.4+4.9
CONCLUSION

Present study revealed the positive effect of copper on Vigha mungo at low concentrations (25, 50ppm) whereas
it has a negative impact on plants at higher concentrations like 75 & 100 ppm. All physical and biochemical
parameters were inhibited at high concentrations of Cu. With the application of egg shell powder the physical
and biochemical parameters of treated plants enhanced as compare to experimental plants. It is concluded that
egg shell powder is an efficient, free of cost and abundantly available adsorbent and these results strongly
suggest credible reuse of calcinated eggshell in the removal of copper. Egg shell should be used as an effective
fertilizer as it also contains various organic and inorganic substances.
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