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Abstract

Endosulfan (CoHeClsOs3S), the pesticide frequently applied in plantations, is reported as detrimental to
human life and other fauna causing several growth hazards. The present study revealed the application of
endosulfan which can retard plant growth affecting seed germination, growth of shoots, fruiting, etc. Seeds treated
with different concentrations of endosulfan (0.01% - 2.0%) served as the experimental plants while non-treated
plants as a control. A significant decrease in seed germination was observed among the experimental plants (6.6%
to 0.0%) over non-treated plants (100.0%). The amylase activity is correlated with the germination percentage.
Total chlorophyll content and protein content were found to be decreased by the application of endosulfan,
whereas total free proline content was found to be increased from 0.66 to 1.96 mg/gm tissue. Endosulfan treatment
significantly increased the levels of peroxidase and catalase activity in both root and leaf samples. This data was
further confirmed using histochemical assays.
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1. Introduction

For controlling pests, diseases, weeds and to increase the crop yield, pesticides and
insecticides play an important role in agriculture. For higher yields one should apply these
pesticides very carefully and at proper times. According to an estimate of USEPA [1] globally
close to 5.6 million pounds of pesticides were being used annually in 1998 and 1999. These
pesticides are found to be a major environmental pollutant because of their uncontrolled use,
lack of degradation ability, and some other factors. Usually, pesticides are manufactured and
marketed in a target specific level, but they are causing many harmful effects to the nature and
other non-targeted species also. In spite of these challenges, pesticides are proved to be the
unavoidable factor in agriculture and also help the farmers to increase yield of the crop. Very
few studies were carried out on this specific area of pesticides and its effects on the biochemical
changes happening to the crops by the application.

Ronika and Poonam [2] reported that by centuries, human beings have developed many
methods to control herbs, weeds, insects, invertebrates and microorganisms that gave threats
to the supply of food, fibre, public health, etc. Endosulfan (CoHsClsO3S) (EDS) is usually used
as an insecticide and acaricide belongs to cyclodienes group under the name of Thiodan.
IUPAC name of endosulphan is 6, 7, 8, 9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro- 6, 9-
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methano-2, 4, 3-benzodioxathiepine-3-oxide. The pesticide is also named as Benzoepin,
Endocel, Parrysulfan, Phaser, Thiodan and Thione [3]. By the application of EDS, induction of
T-cell apoptosis, mitochondrial dysfunction and oxidative stress and lipid peroxidation will
happen [4, 5]. The half-life of the pesticide residue in the soil will be a few months to years,
but 1-6 months in water. The half-life depends on several factors such as pH, climatic
conditions, etc. The Environmental Protection Agency (EPA) has categorised EDS under
toxicity class Ib chemical. Now it is no longer made in the US, but it is registered for use on
60 crops.

For controlling the insect pests, that is attacking the food and non-food crops, endosulfan
is a very efficient pesticide. Lipophilic nature of endosulfan helps to get deposited in fatty
tissues of the insect pests initially and finally in liver and kidney. Ultimately it causes lethality
in target species by damaging the nervous system. Like other organochlorine compounds, it is
also a gamma amino butyric acid (GABA) antagonist [6, 7]. Very high dose of endosulfan
stimulates the Central Nervous system of the target and resulted lack of coordination, gagging,
vomiting, diarrhoea, agitation, convulsions and loss of consciousness. It also causes severe
damage to renal, hepatic, respiratory, reproductive and immune systems in mammals [8- 11].
The application of endosulfan is banned in more than 60 countries because of its high toxicity,
higher rate of bioaccumulation and role as an endocrine disruptor [12, 13]. But in India and
Brazil farmers are extensively using this pesticide.

The application of pesticides is beneficial for plants if we are applying at their lower
concentration but become highly toxic if exceeding the level thereby alter the microflora of the
soil also. By repeated and extensive application of pesticides, the compounds will reach the
plant body and soil, and thereby alter plant growth and its biochemical activities. Keeping the
above, present study was designed to monitor biochemical effects of endosulfan on Vigna
sinensis which is an important vegetable crop in India.

2. Materials and Methods

Cow pea (Vigna sinensis (L.) Savi ex Hassk. var. kanjikuzhi, family Fabaceae and
subfamily Papilionaceae) collected from Kerala Agricultural University, Vellanikara, Thrissur
served as the material for the present study. It is an annual bush, light green medium sized pods
(pod length-27cm and pod weight-7.13cm), mottled seeds, leaves long and trifoliate. Flowers
shortly pedicelled borne on axillary racemes and usually 2-3 flowers on each peduncle having
3 bracts at the base, completes fruiting in 48 days.

In the present study an analysis was made on the effect of endosulfan (0.01%, 0.05%,
0.1%, 1.0% and 2.0% concentrations) and control without endosulfan. on seed germination,
plant growth, pod development, changes in total chlorophyll content, total soluble proteins,
histochemical and biochemical activities of antioxidant enzymes viz., catalase and peroxidase.
For evaluation of seed germination, good and even sized seeds soaked for 24 hour in different
concentration of EDS (0.01%, 0.05%, 0.1%, 1.0% and 2.0%) were sown in 10 cm petridishes
layered with wet blotting paper and kept in dark for germination. The germination of the seeds
was observed as emergence of radicle and the germination percentage calculated as an average
of three replicates.

Equal numbers of seeds (100) of pea plants were collected and soaked in distilled water
for 24 hours. After germination 6 beds were prepared and the plants were planted and watered
in the morning and evening regularly. 15 days after planting, different concentrations of
endosulfan (0.01%, 0.05%, 0.1%, 1.0% and 2.0%) were sprayed in the morning and evening
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and grown under natural conditions of temperature, light and humidity. Plants sprayed with
water only (without endosulfan) were taken as control. After 4 weeks, second and third leaves
from each plant of different treatments were collected and pooled separately for the whole
study. All experiments were repeated four times and average values were taken for estimation.

Percentage of seed germination was calculated based on the number of the germinated
and non-germinated seeds. Height of shoot and pod was measured from randomly selected
plants and average values were recorded. Total chlorophyll was calculated using Arnon’s
formula [14]. 100 mg of leaves were homogenized in 10.0 mL of 80.0% acetone and
centrifuged at 3000 rpm for 5 minutes. The supernatant was saved and the pellet was re-
extracted twice with the same solvent. Optical density (OD) was read at 645nm and 663nm
against blank (80.0% acetone). Total free soluble protein content was estimated from the TCA
extract of leaf and root sample following Lowry et al. [15], while total free proline was
estimated following Bates et al. [16].

Peroxidase (POX) was isolated and assayed following Golbier [ 17] and by using guaiacol
as substrate [ 18]. A set of samples containing reaction mixture without guaiacol was the control.
Catalase (CAT) was extracted from leaf and root samples, and decomposition of H>O> into H,O
and Oz was assayed following Luck [19]. Histochemical study of POX was done with the
cytochemical preparation following Alcazar’s [20] method using diamino benzidine (DAB)
[21, 22]. For localization of CAT, root and stem samples were used for the histochemical
preparation using 3-amino triazole (AT) and DAB [23]. Photographs were taken using canon
digital camera (EOS 450D, Japan).

3. Results and Discussion

A preliminary study has been carried out to study the effect of endosulfan on the
physiological, biochemical and histochemical changes in Vigna sinensis which is a major
vegetable crop in India.

The percentage of seed germination was decreased with increasing concentration of
endosulfan (Fig. 1). Control seeds showed 100% germination, which slowly decreased as the
concentration increased. Germination percentage showed 86.6% for 0.01% and 80.0% for
0.05% (Fig. 1). The figure 1 clearly depicts the percentage of germination was found to be
completely absent in seeds treated with 2.0% of endosulfan. Increased endosulfan
concentration (2.0%) causes decreased germinability (0.0%). Some previous studies also
reported seed germination as a critical stage of plant growth that is sensitive to environmental
pollutants and can be used as an excellent bio-indicator [24, 25]. Shekar et al. 2011 studied the
effect of endosulfan individually and in combination with kitazin in Solanum melongena L.
and observed that pesticides individually and in combination affect the seed germination,
seedling growth, number of lateral roots, protein content and amylase activity [26]. Similar
work on inhibition of seed germination and seedling growth is reported in Brinjal, Chilli and
Glycine max [27], in Pisum [28], in Brassica nigra with Kitazin [29], and in Vigna radiata with
DDT [30]. Calvelo-Pereira et al. 2010 reported the effect of pesticides on seed germination by
depressing amylase activity or suppressing seed germination [31]. As concentration increases
germinating seedlings would be in stress. Chemical stress could operate by inactivating
hormones or enzymes and by changing membrane permeability in the seedlings leading to loss
of germinability. Hence amylase activity of the seeds was also estimated. Amylase activity of
geminating seeds was found to show a progressive reduction with increasing concentrations of
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endosulfan (Fig. 1). Sabale and Misal [32] also studies the effect of endosulfan in Jowar and
found that endosulfan treated seedlings showed a sudden increase in amylase activity in lower
concentration (0.2%), whereas in higher concentrations, the activity found decreasing.
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Figure 1: Graph showing the percentage of seed germination applied with endosulfan and control.

Shoot height as length is found to have a promotive effect on plants treated with 0.1 %
endosulfan, and then gradually decreased from 1.0% to 2.0%. Results showed that control
plants showed a maximum growth of 45 cm length. Plants treated with 0.01% and 0.05% of
endosulfan showed a similar growth pattern compared to control (45 cm and 47 cm
respectively). But plants treated with 0.1% concentration showed a maximum growth of 50 cm
(Fig. 2). While a sudden decrease in the shoot growth was noticed in the plants treated with
1.0% and 2.0% of endosulfan (23 cm and 17 cm respectively). A promotive effect growth of
pods up to plants treated with 0.1 % of endosulfan was found and then it gradually decreased.
The control plants showed a pod length of 22 cm but plants treated with 0.1% showed 27 cm a
little higher than control (Fig. 2). The plants treated with 1.0% and 2.0% showed a decreased
pod length (11 and 8 cm). High level of endosulfan exercises a depressive effect on pod length.
Perez et al. [33] reported that very low concentration of endosulfan itself reduced cell division
in root meristem of Bidens laevis when exposed hydroponically.
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Figure 2: Graph showing the length of shoot and pods applied with endosulfan and control.

Total chlorophyll content in leaves was found to decrease with increasing concentration
of endosulfan and it was 0.89 mg/gm fr.wt. in the control plants, while the higher concentrations
showed decreased levels of chlorophyll content from 0.72 mg/gm fr.wt. to 0.20 mg/gm fr.wt.
(Fig. 3). However, a direct depletion of chlorophyll can be observed in plants treated with 1.0%
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and 2.0% endosulfan during the study period and white patches were also observed on leaf
surface of these plants. Pandolfini et al. [34] suggested that loss of chlorophyll content may be
due to the interference in fat metabolism and thereby inhibiting root and shoot growth,
photosynthesis, nutrient uptake, leaf area, biomass, etc. or may be due to decrease in
chlorophyllase.
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Figure 3: Graph showing total chlorophyll content in the leaves from control as well as plants
treated with endosulfan.

Proteins are mainly involved in the architecture of the cell. During chronic period of
stress, they are also a source of energy and need more energy to detoxify the toxic compound
and to overcome stress [35]. Hence, the total soluble protein content of root and leaf samples
was estimated (mg/gm fresh weight of the tissue). The decrease in protein was more
pronounced among plants grown in 1.0% and 2.0% of endosulfan. Root and leaf tissues of
control plants showed a total soluble protein content of 0.65 mg/gm fr.wt and 0.48 mg/gm fr.wt.
respectively. But in the case of experimental plants it showed a progressive reduction from 0.58
mg/gm fr.wt. to 0.26 mg/gm fr.wt for root tissues and 0.23 mg/gm fr.wt. to 0.02 mg/gm fr.wt
for leaf tissues (Fig. 4). Deterioration of protein is more pronounced in leaf tissues than in root
tissues. This decreased level of protein may be due to the direct depletion of chlorophyll in
plants treated with high endosulfan dose. This indicates that the application of endosulfan is
directly affecting the leaf of the plants, than the roots and this reduction in protein content is
due to increased hydrolysis of protein. Constantinidou and Kozlowski [36] reported the
decrease in protein content is due to decrease in photosynthesis.
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Figure 4: Graph showing total protein content leaves and root tissues taken from control and
plants treated with endosulfan. In leaves the protein content decreased from 0.48 mg/gm fr. wt. (control)
to 0.02 mg/gm fr. wt. (2%), while, in roots the protein content decreased from 0.65 mg/gm fr. wt. (control)
to 0.233 mg/gm fr. wt. (2%90).

Total free proline content was found to show a progressive increase with increasing
concentrations of endosulfan. Control plants possessed free proline content of 0.66 mg/gm
tissue (Fig. 5), while experimental plants showed a progressive increase in proline content from
0.75 (0.01%) to 1.96 mg/gm tissue (2.0%). Proline accumulation is a common response of
plants towards stress and exists a strong relation between these two. Proline can accumulate to
high levels without disturbing intercellular biochemistry and play a vital role in plant
cytoplasmic adjustment during osmotic stress. Proline being a compatible osmoprotectant can
accumulate in the cell sap at high concentrations reducing the water potential, thereby
enhancing water uptake from the soil. Accumulation of proline is due to inhibitors of oxidation
of proline oxidation and its incorporation into proteins by stress. Gzik [37] reported the
accumulation of proline in plant due to drought and temperature stress. Lerudulier et al. also
reported that Proline acts as a hydrophobic protectant for enzymes and sub-cellular organelles
and helps the plant to tolerate or adapt to the stress condition [38]. The above studies clearly
gave evidence of function of proline content and its action against stress.
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Figure 5: Graph showing total free proline content in the control leaves and plants treated with
endosulfan. From the figure, it is clear that the proline accumulation is due to stress of the plant with the
application of endosulfan and is very high in plants treated with 1% (1.8 mg/gm. tissue) and 2% (1.96
mg/gm. tissue) of endosulfan.
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Figure 6: localization of POX in the root tissues of Vigna sinesis by the application of endosulfan. A.
Tissues taken from the control plants showed slight brown colour deposits of DAB, B. Tissues from
0.1%treatment showed prominent brown color deposits, C. Tissues from 0.05%, D. Tissues from 0.1%, E.
Tissues taken from 1.0% and F. Tissues from 2.0%. The brown color deposits of oxidized DAB are very
prominent in the tissues taken from 0.1% to 2.0%.

To study the localization of POX and CAT, thin sections of roots were subjected to light
microscopic analysis. DAB by the action of POX get oxidized and showed brown deposits
within the cells [21]. Incubated sections showed brown color deposits of oxidized DAB
indicating positive signs of POX activity. Non-treated plants showed a slight brown coloration
in the stelar region with the treatment indicating the presence of POX in root tissues (Fig. 6A).
Fig. 6B showed a very clear brown coloration after treatment with DAB stating that POX
activity is increasing in experimental plants (0.01%) than the control. Accumulation of blackish
brown color POX deposits was more prominent in root tissues of plants treated with 0.05%,
0.1%, 1.0% and 2.0% (Fig. 6C —F). This was further estimated quantitatively also.
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Figure 7: Localization of CAT (fully incubated in AT) in the root tissues of Vigna sinesis for
differentiating the activity of CAT from POX. AT completely inactivated the CAT activity. The brown
color deposits in the tissues indicating the presence of oxidized DAB. A. Tissues from control, B. Tissues
from 0.1% , C. Tissues from 0.05%, D. Tissues from 0.1%, E. Tissues from 1.0% and F. Tissues from
2.0%.

Since the whole sections subjected to localizing POX and CAT expressed a similar color
pattern, the enzyme activity was differentiated by using specific inhibitor (AT). To distinguish
CAT activity from that of POX, the tissue sections were pre-incubated with AT for 1 hour (Fig.
7). The sections treated with AT showed less number of brown deposits (Fig. 7A) than the
experimental sections with DAB (Fig. 7B-F). The scattered brown deposits found in the AT
treated sections indicate the activity of POX. Experiments with full incubation of AT and with
DAB were carried out to separate the activity of CAT from POX and the results clearly
supported the presence of CAT. The root sections taken from the control plants showed the
presence of brown colour deposits only in the stelar region (Fig. 8 A) but from the experimental
plants showed dark brown colour deposits in the stelar as well as in the cortex region indicating
the presence of high levels of CAT (Fig. 8 B-F).
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Figure 8: Localization of CAT (treated with DAB) in the root tissues of Vigna sinesis by the
application of endosulfan. The brownish deposits indicating the presence of CAT. A. Tissues taken from
control showed slight brown color deposits indicating the presence of CAT, B. Tissues taken from 0.01%
showed prominent brown deposits of CAT, C. Tissues taken from 0.05%, D. Tissues taken from 0.1%, E.

Tissues taken from 1.0% and F. Tissues taken from 2.0%. The presence of CAT is more prominent in
tissues taken from 0.05% to 2.0%

POX activity in leaves and roots of control and experimental plants was calculated as uM
of guaiacol oxidized/gm tissue/mg enzyme protein. The POX activity was found to show a
progressive increase with increasing concentrations of endosulfan. The increasing POX
activities were more pronounced in plants treated with 1% and 2% endosulfan. Leaves of contol
plants showed a maximum enzyme activity of 6.6 uM of guaiacol oxidized/gm tissue/mg
enzyme protein, while experimental plants showed an increased activity from 11.0 to 19.8 uM
of guaiacol oxidized/gm tissue/mg enzyme protein (Fig. 9). The experiment was done using
root tissues and the same result was observed in both control and experimental plants. 7.2 uM
of guaiacol oxidized/gm tissue/mg enzyme activity was observed in control plants, while a
significant increase from 8.2 to 16.2 uM of guaiacol oxidized/gm tissue/mg enzyme protein
was found in experimental plants (Fig. 9). The high level of POX is a strong indication of
physiological stress. Smitha et al. reported the increase in POX activity may be due to the
metabolic response to environmental stress [21]. Lee [40] also reported that with Na;SO3
treatments, POX activity also increased.
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Figure 9: Graph showing POX activity in the root and leaves. The POX activity is very high in root
(16.2 pM of guaiacol oxidized/gm tissue/mg enzyme protein) and leaves (19.8 pM of guaiacol oxidized/gm
tissue/mg enzyme protein) of plants treated with 2% of endosulfan.

CAT activity in leaves and roots were also calculated as pM of H2O:
destroyed/minute/mg enzyme protein in both control and experimental plants. Like that of
POX, the CAT activity was found to show a progressive increase with increasing concentrations
of endosulfan. Increased activities were more pronounced in plants treated with 1% and 2%
endosulfan. Leaves from control plants showed a maximum enzyme activity of 13.6 uM of
H>O> destroyed/minute/mg enzyme protein, while the experimental plants showed an increased
activity from 15.0 to 27.2 uM of H>O> destroyed/minute/mg enzyme protein (Fig. 10). In the
case of root tissues, 8.6 uM of H>O» destroyed/minute/mg enzyme protein was observed in
control, and a significant increase from 11.2 to 34.6 uM of H20O:> destroyed/minute/mg enzyme
protein was found among experimental plants (Fig. 10). These results are also supporting the
histochemical and quantitative data of CAT (Fig. 6 & 9). The data confirms the detoxifying
nature of CAT for removing the ROS. Apart from the peroxidatic action of POX on H>O» for
the formation of water, CAT can perform a catalytic by way of producing water and oxygen. In
other words, the scavenging property of CAT by detoxifying H>O> tends to produce more
oxygen in the cell system. Besides the catalytic action of CAT under in vivo conditions the
enzyme is capable of reacting a peroxidatic way.

§(5) ] [ Catalase activity in root...
i £ Catalase activity in leaffir]
NBG%'
o
T B
ST c
= 35
=8
3
33
0 T T T T
goé/\ AR A A
Soncentration o?endosulfan (%)

Figure 10: Graph showing the CAT activity in the root and leaves. The CAT activity is very high in
root (34.6 pM of H20> destroyed/minute/mg enzyme protein) and leaves (27.2 uM of H20>
destroyed/minute/mg enzyme protein) of plants treated with 2% of endosulfan.
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Amylase activity in germinating seeds of control and experimental plants was calculated
as U/mL and showed a progressive decrease with increasing concentrations of endosulfan. The
seeds collected from control showed maximum activity of 43.87 U/ml, while seeds of
experimental plants showed a significant reduction from 41.21 to 18.6 U/ml (Fig. 11). The
amylase activity is correlated with the data obtained from the percentage of seed germination

(Fig.1).

10

Amylase activity in
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Figure 11: Graph showing the amylase activity in the germinating seeds. The amylase activity is
decreasing from the control (41.21 U/mL) to 2.0% (18.6 U/mL).

Mathur et al., studies were carried out in Vigna mungo and treatment of pesticides may
impose an osmotic stress and thereby causing damage to membrane structure [41]. Vidyasagar
et al. also reported under stress conditions, the lysosomes are broken down and resulting in an
increased level of several hydrolytic enzymes [5]. In the present study, seed germination,
growth of shoot and pod, total chlorophyll, protein, proline contents, biochemical and
histochemical data of peroxidase and catalase enzymes. These parameters showed considerable
changes with the increase in endosulfan concentration.

4. References

1. EPA Action to Terminate Endosulfan". United States Environmental Protection Agency. 10 June (2010).

2. Ronka S and Poonam G. Vitamin E provides protection against in vitro oxidative stress due to pesticide
(Chloropyrifos and Endosulfan) in goat RBC. GERF Bulletin of Bioscience 1 (2010) 1-6.

3. Kumar N, Bora A, Kumar R and Amb M K. Differential effects of agricultural pesticides endosulfan and

tebuconazole on photosynthetic pigments, metabolism and assimilating enzymes of three heterotrophic,
filamentous cyanobacteria. Journal of Biology and Environmental Science 6 (2012) 67-75.

4. Chouychai W, Thongkukiatkul A, Upatham S, Lee H, Pokethitiyook P and Kruatrachue M. Phytotoxicity
assay of crop plants to phenanthrene and pyrene contaminants in acidic soil. Environmental Toxicology 22
(2007) 597-604.

5. Vidyasagar G M, Kotresha D, Sreenivasa N and Karnam R. Role of endosulfan in mediating stress
responses in Sorghum bicolor (L.) Moench, Journal of Environmental Biology 30 (2009) 217-220.
6. Gupta P K. Endosulfan-induced neurotoxicity in rats and mice. Bulletin of Environmental Contamination

and Toxicology 15 (1976) 708-713.

7. Seth P K, Saidi N F, Agrawal A K and Anand M. Neurotoxicity of endosulfan in young and adult rats.
Neurotoxicology T (1986) 623-635.

8. Lo R S, Chan J C, Cockram C S and Lai F M. Acute tubular necrosis following endosulfan insecticide
poisoning. Journal of Toxicology and Clinical Toxicology 33 (1995) 67-69.

9. Rawat D K, Bais V S and Agarwal N C. A correlative study on liver glycogen and endosulfan toxicity in
Heteropneustes fossilis (Bloch.). Journal of Environmental Biology 23 (2002) 205- 207.

77


chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/d1wqtxts1xzle7.cloudfront.net/30387568/Vitamin_E_provides_protection_against_In_vitro_oxidative_stress-libre.pdf?1390886331=&response-content-disposition=inline%3B+filename%3DVitamin_E_provides_protection_against_in.pdf&Expires=1691221269&Signature=BhWt0xKUE0qc7oqkggsA4wvdK-qnh4y79Yh1hoMHuC-BAfdJZSF7Kz8-Ioi8Uf8i6piS3wI80s7l2v4OZDJxduK~oEq14zXPSYvHw7FVThgDFP3QEP9f07YW9jTvgTNiAWxj1CPITGKx7WdEpw3K7LOJZUyzrQJ4JhVqeIyL1ctT0Fn26oaZrrpf89r2f~uLoMQ75qMlPtYWlFV2F7e-8SdcXFlwMVI19U3SkmILr2SGH9XYp1gPWsBvuSXLbwPSVP4HCg3LgciT5bZy4f0AYqY1E5mkzHik1X-iAoNRas4nnOmvWg5VwF3wyammRkUpx8iUNRCAhgSs8kGolm~fGQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/d1wqtxts1xzle7.cloudfront.net/30387568/Vitamin_E_provides_protection_against_In_vitro_oxidative_stress-libre.pdf?1390886331=&response-content-disposition=inline%3B+filename%3DVitamin_E_provides_protection_against_in.pdf&Expires=1691221269&Signature=BhWt0xKUE0qc7oqkggsA4wvdK-qnh4y79Yh1hoMHuC-BAfdJZSF7Kz8-Ioi8Uf8i6piS3wI80s7l2v4OZDJxduK~oEq14zXPSYvHw7FVThgDFP3QEP9f07YW9jTvgTNiAWxj1CPITGKx7WdEpw3K7LOJZUyzrQJ4JhVqeIyL1ctT0Fn26oaZrrpf89r2f~uLoMQ75qMlPtYWlFV2F7e-8SdcXFlwMVI19U3SkmILr2SGH9XYp1gPWsBvuSXLbwPSVP4HCg3LgciT5bZy4f0AYqY1E5mkzHik1X-iAoNRas4nnOmvWg5VwF3wyammRkUpx8iUNRCAhgSs8kGolm~fGQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://dergipark.org.tr/en/download/article-file/497532
https://dergipark.org.tr/en/download/article-file/497532
https://dergipark.org.tr/en/download/article-file/497532
https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.20285
https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.20285
https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.20285
https://www.academia.edu/download/69676650/Role_of_endosulfan_in_mediating_stress_r20210914-1216-1jfgcpv.pdf
https://www.academia.edu/download/69676650/Role_of_endosulfan_in_mediating_stress_r20210914-1216-1jfgcpv.pdf
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/5190230
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/5190230
https://pubmed.ncbi.nlm.nih.gov/3024081/
https://pubmed.ncbi.nlm.nih.gov/3024081/
https://www.tandfonline.com/doi/abs/10.3109/15563659509020218
https://www.tandfonline.com/doi/abs/10.3109/15563659509020218
https://europepmc.org/article/med/12602859
https://europepmc.org/article/med/12602859

R.B. Smitha, et al. Volume 1 Issue 1 September 2023

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Choudhary N and Joshi S C. Reproductive toxicity of endosulfan in male albino rats. Bulletin of
Environmental Contamination and Toxicology 70 (2003) 285-289.

Pistl J, Kovalkovicova N, Kacmar P, Kusova K, Mikula I and Sutiakova I. Effect of endosulfan on
peripheral sheep leukocytes in vitro. Vetinery and Human Toxicology 43 (2001) 78-82.

Somtrakoon K and Pratumma S. Phytotoxicity of heptachlor and endosulfan contaminants in soil to
economic crops. Journal of Environmental Biology 33(2012) 1097 — 1101.

Marala C. EPA Bans Pesticides found on Cucumbers, Zucchini, Green Beans and Other Vegetables. The
Daily Green, 10 June, (2011).

Arnon D I. Copper enzymes in isolated chloroplasts: Polyphenol oxidase in Beta vulgaris. Plant Physiology
24 (1949) 1-15.

Lowry O H, Rosenburg N J, Farr A I and Randall R J. Protein measurement with folin-phenol reagent.
Journal of Biology and Chemistry 193(1951) 265-275.

Bates I S, Waldren R P and Teare I D. Rapid determination of free proline for water stress studies. Plant
soil 39 (1973) 205-207.

Golbier T E. Gravitational stress and lignification in aerial vs. submerged shoots of Hippuris vulgaris.
Plant Physiology 106 (1989): 753-759.

Ingham L M, Parker M L and Waldron K W. Peroxidase: Changes in soluble and bound forms during
maturation and ripening of apples, Physiol. Plant Introduction. Academic Press, New York, 1-10, 1998.
Luck H. In: Methods of enzymatic analysis. 2nd ed. New York, Academic Press, pp 885-90 (1965).
Alcazar M D, Egea C, Espin A and Candela M E. Peroxidase isoenzymes in the defense response of
Capsicum annum to Phytophthora capsici, Physiologia Plantarum 94 (1995) 736-742.

Smitha R B, Bennans T, Mohankumar C and Benjamin S. Oxidative stress enzymes in Ficus religiosa L.:
Biochemical, histochemical and anatomical evidences, Journal of Photochemistry and Photobiology B:
Biology 95 (2009) 17-25.

Frank W, Munnik T, Kerkmann K, Salamini F and Bartels D. Water deficit triggers phospholipase D
activity in the resurrection plant Craterostigma plantagineum. Plant Cell, 12 (2000) 111-123.

Smitha R B, Jisha V N, Sajith S and Benjamin S. Dual production of amylase and delta-endotoxin by
Bacillus thuringiensis subsp. kurstaki during biphasic fermentation. Microbiology 82 (2013) 794-800.
Kirk J L, Klironomos J N, Lee H and Trevors J T. Phytotoxicity assay to assess plant species for
phytoremediation of petroleum-contaminated soil. Journal of Bioremediation 6 (2002) 57-63.

Maila M P and Cloete T E. Germination of Lepidium sativum as a method to evaluate polycyclic aromatic
hydrocarbons (PAHs) removal from contaminated soil. International Journal of Biodeterioration and
Biodegradation 50 (2002) 107-113.

Shekar C, Prasad V R, Reddy K J and Sammaiah D. Pesticides induced alterations in physiological
responses in Solanum melongena L. International Journal of Phrma and Biosciences 2 (2011) 374-385.
Saraf M, Khandelwal A, Sawhney R and Maheshwari D K. Effects of carbaryl and 2, 4-D on growth,
nitrogenase and uptake hydrogenase activity in agar culture and root nodules formed by Bradyrhizobium
Japnicum. Microbiology Research 149 (1994) 401-406.

Maheswari D K, Gupta M, Swahney R and Khandelwal A. Dual behavior of carbaryl and 2,4-
dichlorophenoxyacetic acid in Rhizobium leguminosarum 2005 under explanta conditions. Xentrablatt
Mikrobiology 148 (1993) 588-592.

Sinha S K and Verma A P. Hazardous effect of Herbicides on crop plants. 1. Effect of selective herbicides
on physiology and cytology of Vigna radiata. National Abstract, Bioved Research society, Alahabad, pp.38
(1993).

Kamble A B and Sabale A B. Influence of Bavistin and Monocrotohos seed germination and seedling
growth to Trigonealla foenumgraecum L. Pollination Research 18 (1999) 61-65.

Calveno Pereira R C, Monterroso C and Macias F. Phytotoxicity of hexachlorocyclohexane: Effect on
germination and early growth of different plant species. Chemosphere 79(2010) 326-333.

Sabale A and Misal B N. Effect of endosulfan and methyl parathion on hydrolytic enzymes in germinating
seeds of Jowar. Journal of Environmental Biology 21 (2000) 29-35.

Pérez D J, Menone M L, Camadro E L and Moreno V J. Genotoxicity evaluation of the insecticide
endosulfan in the wetland macrophyte Bidens laevis L. Environmental Pollution 153(2008) 695—698.

78


https://link.springer.com/article/10.1007/s00128-002-0189-0
https://link.springer.com/article/10.1007/s00128-002-0189-0
https://europepmc.org/article/med/11308124
https://europepmc.org/article/med/11308124
http://www.jeb.co.in/journal_issues/201211_nov12/paper_20.pdf
http://www.jeb.co.in/journal_issues/201211_nov12/paper_20.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC437905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC437905/
https://www.sciencedirect.com/science/article/pii/S0021925819524516
https://www.sciencedirect.com/science/article/pii/S0021925819524516
https://link.springer.com/article/10.1007/bf00018060
https://link.springer.com/article/10.1007/bf00018060
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1989.tb04638.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1989.tb04638.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1998.1020113.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1998.1020113.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1995.tb00992.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1995.tb00992.x
https://www.sciencedirect.com/science/article/pii/S101113440800239X
https://www.sciencedirect.com/science/article/pii/S101113440800239X
https://www.sciencedirect.com/science/article/pii/S101113440800239X
https://academic.oup.com/plcell/article-abstract/12/1/111/6008756
https://academic.oup.com/plcell/article-abstract/12/1/111/6008756
https://link.springer.com/article/10.1134/S0026261714010147
https://link.springer.com/article/10.1134/S0026261714010147
https://www.tandfonline.com/doi/abs/10.1080/10889860290777477
https://www.tandfonline.com/doi/abs/10.1080/10889860290777477
https://www.sciencedirect.com/science/article/pii/S0964830502000598
https://www.sciencedirect.com/science/article/pii/S0964830502000598
https://www.sciencedirect.com/science/article/pii/S0964830502000598
https://www.cabdirect.org/cabdirect/abstract/20113339701
https://www.cabdirect.org/cabdirect/abstract/20113339701
https://www.sciencedirect.com/science/article/pii/S094450131180090X
https://www.sciencedirect.com/science/article/pii/S094450131180090X
https://www.sciencedirect.com/science/article/pii/S094450131180090X
https://www.sciencedirect.com/science/article/pii/S0232439311802246
https://www.sciencedirect.com/science/article/pii/S0232439311802246
https://www.sciencedirect.com/science/article/pii/S0232439311802246
https://www.sciencedirect.com/science/article/pii/S0045653510000834
https://www.sciencedirect.com/science/article/pii/S0045653510000834
https://www.cabdirect.org/cabdirect/abstract/20013041312
https://www.cabdirect.org/cabdirect/abstract/20013041312
https://www.sciencedirect.com/science/article/pii/S0269749107004630
https://www.sciencedirect.com/science/article/pii/S0269749107004630

R.B. Smitha, et al. Volume 1 Issue 1 September 2023

34.

35.

36.

37.

38.

39.

40.

41.

Pandolfini T, Gabbarielli R and Comparini C. Nickel toxicity and peroxidase activity in seedlings of
Triticum aestivum L, Plant Cell Environment 15 (1992) 719-725.

Singh P A, Singh S, Bhartiya P and Yadav K. Toxic effect of phorate on the serum biochemical parameters
of the snake headed fish Channa punctatus (Bloch). Advances in Bioresearch 1(2010) 177-181.
Constantinidou H A and Kozlowski T T. Effect of sulphur dioxide and ozone on Ulmus amenicana
seedlings. II. Carbohydrates, proteins and lipids, Canadian Journal of Botany 57 (1979): 176-184.

Gzik A. Accumulation of proline and pattern of alfa amino acids in sugar beet plant in response to osmotic
water and salt stress. Environmental Experiments in Botany 36 (1996) 29-38.

Lerudulier D, Strom A M, Dandekar A M, Smith L T and Valentine R C. Molecular biology of
osmoregulation. Science 224 (1994) 1064-1068.

Fang W and Kao C H. Enhanced peroxidase activity in the leaves in response to excess iron, copper and
zinc. Plant Science 158 (2000) 71-76.

Lee M Y. Effect of Na,SOs on the activities of antioxidant enzymes in geranium seedlings, Phytochemistry
59 (2002) 493-499.

Mathur A M, Siddiqui M H, Mukherji D and Mathur S N. Influence of Rogar on seed germination and
amylase activity in Vigna mungo. Proceedings of National Academy of Sciences, India-Sect. B. (Biological
Science) 53 (1983) 47-49.

79


https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-3040.1992.tb01014.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-3040.1992.tb01014.x
https://www.cabdirect.org/cabdirect/abstract/20113288464
https://www.cabdirect.org/cabdirect/abstract/20113288464
https://cdnsciencepub.com/doi/abs/10.1139/b79-026
https://cdnsciencepub.com/doi/abs/10.1139/b79-026
https://www.sciencedirect.com/science/article/pii/0098847295000461
https://www.sciencedirect.com/science/article/pii/0098847295000461
https://www.science.org/doi/abs/10.1126/science.224.4653.1064
https://www.science.org/doi/abs/10.1126/science.224.4653.1064
https://www.sciencedirect.com/science/article/pii/S0168945200003071
https://www.sciencedirect.com/science/article/pii/S0168945200003071
https://www.sciencedirect.com/science/article/pii/S0031942201004782
https://www.sciencedirect.com/science/article/pii/S0031942201004782

