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Abstract

The effect of two plant growth regulators, alpha-naphthalene acetic acid (NAA) and thidiazuron (TDZ) on
the growth of sweet corn (Zea mays), cowpea (Vigna sinensis) and cucumber (Cucurmis sativus) seedling
planted in 1-100 mg kg-1 of endosulfan sulfate spiked sand was investigated. Endosulfan sulfate had no
apparent toxicity as seedlings of these crop plants grew normally in endosulfan sulfate spiked sand.
Concentration of endosulfan sulfate in sand affected the response of seedling induction by NAA or TDZ.
Induction of crop seeds by NAA or TDZ did not promote growth of sweet corn, cowpea and cucumber to an
-1
appreciable extent. Both plant regulators at concentration of 10 mg l seemed to exert adverse effect on
crop seedling. TDZ decreased shoot length, root length and chlorophyll contents in leaves of sweet corn
and cowpea growing in endosulfan sulfate spiked sand. In contrast, NAA was not toxic and promoted
growth of sweet corn and cowpea seedling. However, cucumber was affected by NAA and TDZ more than
other plants. TDZ significantly decreased biomass and root length of cucumber. Also, NAA significantly
decreased cucumber root length and tended to increase cucumber root dried weight when grown in 100 mg
kg-1 of endosulfan sulfate spiked sand.
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Introduction

Endosulfan is included in the POP Review Committee of
the Stockholm Convention as one of the persistent organic
pollutants in 2011. It is a broad spectrum organochlorine pesticide
which has been used extensively worldwide for over 30 years to
control insect in cotton, rice, sorghum, vegetables and fruits
(Becker et al., 2011; Gangwar et al., 2011; Kataoka et al., 2011;
Kumar et al., 2008). Endosulfan is toxic to insects, fish and
aquatic invertebrates and it has been shown to exert gonadal
toxicity, genotoxicity, and neurotoxicity and disrupt endocrine
function in mammals (Cistillo et al., 2011; Coimbra et al., 2005;
Kumar et al., 2008; Li et al., 2009; Paul and Balasubramanian,
1997). The main metabolite produced by microbial transformation
of endosulfan is endosulfan sulfate which is as toxic as the parent
compound, but less biodegradable and hence more persistent
than the parent compound. This metabolite has been detected
together with endosulfan adjacent to agricultural areas and
© Triveni Enterprises, Lucknow (India)

remote locations from the application source in Thailand (Poolpak
et al., 2008; Sergiev et al., 2006; Weber et al., 2010).

The presence of toxic persistent compounds in soil and
sediments is of considerable environmental concern because of
increasing opportunity for exposure to these pollutants by living
organisms (Su et al., 2009; Weber et al., 2010). Toxicity of
organochlorine compounds to plants has been widely reported.
For example, the rate of monocotylydon germination was
retarded in the presence of lindane. Biomass of Brassicaceae
plant increased when grown in lindane contaminated soil
(Calveno Pereira et al., 2009). Vidyasager et al. (2009) found that
endosulfan significant decreased the percent of seed
germination, shoot length, root length and biomass in Sorghum
bicolor L. Combination of lindane, monochlorobenzene, 1,4dichlorobenzene and 1,2,4-trichlorobenzene exerted a
synergistic toxic effect on Phragmites australis and this led a 70%
reduction in chlorophyll concentration (Faure et al., 2012).
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Materials and Methods
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Results and Discussion

Concentrations of endosulfan sulfate ranging from 1-100
mg kg-1 did not produce toxicity on the growth of sweet corn
seedlings. Shoot length, shoot fresh and dry weight of sweet corn
growing in spiked and un-spiked sand were similar (P>0.05).
Induction of sweet corn seeds with NAA had no effect on shoot
growth as the shoot length, shoot fresh and dry weight were not
significantly different from those that were not induced by NAA
(P>0.05). However, NAA stimulated shoot growth of sweet corn
grown in sand spiked with 10 mg kg-1 of endosulfan sulfate
(P<0.05) (Fig. 1 a, b and c).

ne

Preparation of endosulfan sulfate spiked sand: Sand with no
detectable endosulfan sulfate contamination was purchased from
the construction materials shop in Mahasarakham Province,
Thailand. The sand was air-dried and passed through 2-mm sieve
to remove stones, debris and plant roots. Endosulfan sulfate (Dr.
Ehrenstorfer GmbH Lot no. 81205, Germany, purity 98.5%) was
weighed and dissolved in acetone. Endosulfan sulfate solution
-1
was spiked to a final concentration of 0, 1, 10 and 100 mg kg dry
sand. Control sand samples received only acetone. After
thorough mixing, sand was dried at room temperature (28-30 ºC)
inside a fume hood to allow acetone to evaporate. Sand was
subdivided into 50 g (dry weight) portions and each portion was
placed inside a 120-ml plastic planting container. To the sand
samples was added distilled water to 60% of water holding
capacity before used.

shoot length, root length, chlorophyll a, chlorophyll b and total
chlorophyll content in leaves. Fresh shoot and root of each
seedling were cross-sectioned, stained with safranin O, and then
viewed under light microscope to examine their tissues.
Chlorophyll content in leaves were analyzed according to Huang
et al. (2004). Two hundred milligrams of plant leaves were cut and
incubated in 80% acetone for 24 hr at 4ºC in dark. Absorbance of
the solutions was measured with a spectrophotometer at 645 and
663 nm. Chlorophyll content (mg ml-1) were calculated according
to the equations given by Huang et al. (2004). Two-way ANOVA
was used to test for statistically significant differences between
treatments followed by LSD's test.
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Various plant growth regulators have been reported to
alleviate toxicity of heavy metals, polycyclic aromatic
hydrocarbons and glyphosate to plants (Sergiev et al., 2006;
Ahammed et al. 2012; Du et al., 2011; Piotrowska-Niczyporuk et
al., 2012; Váňová et al., 2011). However, application of plant
growth regulators to alleviate toxicity of endosulfan sulfate to crop
plants has not been reported. Both naphthalene acetic acid (NAA)
and thidiazuron (TDZ) used in this study have been reported to
aid phytoremediation of metal contaminated area by reducing
metal toxicity to the plants and enhancing the acquisition and
accumulation of trace elements resulting in increased shoot and
root growth (Piotrowska-Niczyporuk et al., 2012; Vamerali et al.,
2011). It is not known if these plant growth regulators can improve
the growth of plants in endosulfan sulfate contaminated sites.
Thus, the objective of the present study was to investigate the
effect of NAA and TDZ to alleviate toxicity and promote growth of
sweet corn (Zea mays var. sacharata Bailey), cucumber
(Cucurmis sativus) and cowpea (Vigna sinensis) seedlings in
endosulfan sulfate spiked sands. The results from this study
would provide valuable information on using plant growth
regulators in phytoremediation of endosulfan sulfate.
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NAA had no apparent effect on shoot length and fresh
weight of cowpea grown in any concentration of endosulfan
sulfate. Only shoot length of cowpea, grown in 10 mg kg-1 of
endosulfan sulfate, reduced from 9.62 (without NAA induction) to
3.33 cm (with NAA induction). However, NAA increased dry
weight of shoot in cowpea to 0.038 g while dry weight shoot in
cowpea, without induction with NAA, was only 0.007 g in 10 mg
kg-1 endosulfan sulfate contaminated sand (Fig. 1 d, e and f).

Phytotoxicity assay: Phytotoxicity assay was performed
according to Somtrakoon and Chouychai (2013). Seeds of sweet
corn (commercial seeds of Chokkasikorn Seed Ltd., Nonthaburi
province, Thailand), cucumber (commercial seeds of East West
Seed Ltd., Nonthaburi province, Thailand) and cowpea
(commercial seeds of Chuayongseng Ltd., Bangkok, Thailand)
-1
were immersed for 3 hr in the solution of 10 mg l of NAA (Fluka,
United States, purity 99%) or TDZ (Fluka, United States, purity
99%)]. Seeds immersed in distilled water served as control. Ten
seeds were inoculated per replicate in endosulfan sulfate spiked
sand prepared above and kept at 30 ºC in a room that received
natural sunlight. The sand was watered twice each day to
maintain humidity. After 10 days, twenty plants were randomly
removed to measure their fresh and dry weight of shoot and root,
Journal of Environmental Biology, November 2014

In cucumber, NAA was found to affect the shoot length
instead of fresh weight. Shoot length of cucumber induced with
NAA was 7.98 and 8.55 cm in 1 and 10 mg kg-1 of endosulfan
sulfate contaminated sand, respectively. These values were
significantly higher than those of seedlings without NAA induction
(P<0.05). Growth of cucumber in 100 mg kg-1 of endosulfan
sulfate contaminated sand increased shoot dried weight of
cucumber, induced with NAA to a higher extent as compared to
control (P<0.05) (Fig. 1 g, h and i).

The length and fresh weight of shoot of sweet corn grown
in endosulfan sulfate spiked sand were reduced when their seeds
were induced with TDZ. Shoot length of sweet corn with TDZ
-1
induction was 10.30 and 12.15 cm in 1 and 100 mg kg endosulfan
sulfate contaminated sand, respectively (P<0.05). Shoot fresh
weight of sweet corn seedling induced by TDZ was 0.28 and 0.32 g
-1
in 1 and 100 mg kg endosulfan sulfate contaminated sand,
respectively (P<0.05). On the other hand, dry weight of shoot in
sweet corn, induced by TDZ, did not significantly different from
control without TDZ and NAA induction (P<0.05) (Fig. 1 a, b and c).
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Fig. 1: Shoot length, shoot fresh weight and shoot dried weight of sweet corn (a, b, c), cowpea (d, e, f) and cucumber (g, h, i) seedlings grown in
endosulfan sulfate contaminated sand at ( ) 0 mg kg-1, ( ) 1 mg kg-1, ( ) 10 mg kg-1 and ( ) 100 mg kg-1. Different letters designate significant differences
between each level of endosulfan sulfate concentration and induction by the same plant growth regulator. * Significant difference from control without
induction by plant growth regulator at the same concentration of endosulfan sulfate (P<0.05).

Cowpea seeds subjected to TDZ induction significantly
decreased shoot length values by 5.33, 5.70, 5.90 and 5.64 cm in 0,
-1
1, 10 and 100 mg kg endosulfan sulfate contaminated sand,
respectively (P<0.05). Meanwhile, shoot length of cowpea without
induction with TDZ was 9.29, 10.69, 9.62 and 9.71 cm in 0, 1, 10 and
-1
100 mg kg endosulfan sulfate contaminated sand, respectively.
Shoot fresh weight of cowpea also significantly decreased from
0.36, 0.44, 0.52 and 0.56 (without TDZ induction) to 0.20, 0.29, 0.18
and 0.31 g (with TDZ induction) in 0, 1, 10 and 100 mg kg-1
endosulfan sulfate contaminated sand (P<0.05). In contrast, TDZ
significantly stimulated dry weight of shoot in cowpea grown in 0, 1,
10 and 100 mg kg-1 endosulfan sulfate from 0.004, 0.008, 0.007 and
0.009 g (without TDZ induction) to 0.069, 0.066, 0.077 and 0.057 g
(with TDZ induction), respectively (P<0.05) (Fig. 1 d, e and f).

TDZ significantly reduced shoot length of cucumber
seedlings from 5.86, 6.08, 6.89 and 7.28 cm (without TDZ
induction) to 3.19, 2.96, 3.62 and 3.12 cm (with TDZ induction) at
0, 1, 10 and 100 mg kg-1 of endosulfan sulfate contaminated
sand (P<0.05). TDZ also affected the dry weight of shoot in
cucumber. Dry weight of cucumber shoot was decreased from
0.016, 0.014, 0.015 and 0.016 g (without TDZ induction) to
0.014, 0.009, 0.013 and 0.013 g (with TDZ induction) when
grown in 0, 1, 10 and 100 mg kg-1 of endosulfan sulfate
contaminated sand, respectively (P<0.05) (Fig. 1 g, h and i). At
tissue level, endosulfan sulfate decreased the number of
vascular bundles in shoots. TDZ treatment increased the
number of vascular bundles in corn grown in endosulfan sulfate
and non-contaminated sand (Fig. 2).
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Fig. 2: Cross section of shoot tissues of sweet corn seedling grown in endosulfan sulfate- contaminated or non-contaminated sand and receiving various
plant growth regulators; Non-contaminated sand and without any plant growth regulator (a); 100 mg kg-1 endosulfan sulfate and without any plant growth
regulator (b); Non-contaminated sand and 10 mg l-1 NAA (c); 100 mg kg-1 endosulfan sulfate and 10 mg l-1 NAA (d); Non-contaminated sand and 10 mg l-1
-1
-1
TDZ (e); 100 mg kg endosulfan sulfate and 10 mg l TDZ (f). Abbreviation: vas. = vascular bundle; leaf = leaf sheath
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Fig. 3: Contents of chlorophyll a, chlorophyll b and total chlorophyll of sweet corn (a, b, c), cowpea (d, e, f) and cucumber (g, h, i) seedlings grown in
endosulfan sulfate contaminated sand at ( ) 0 mg kg-1, ( ) 1 mg kg-1, ( ) 10 mg kg-1 and ( ) 100 mg kg-1. Different letters designate significant
differences between each level of endosulfan sulfate concentration and induction by the same plant growth regulator. * Significant difference from control
without induction by plant growth regulator at the same concentration of endosulfan sulfate (P<0.05)

Chlorophyll a content in leaves of sweet corn seedling
without any plant growth regulator induction significantly
-1
increased in 1-100 mg kg endosulfan sulfate contaminated
sand as compared to sweet corn grown in non-contaminated
sand. In contrast, chlorophyll b and total chlorophyll content in
leaves of sweet corn significantly decreased at the same level
of endosulfan sulfate concentrations when compared with
growth of sweet corn in non-contaminated sand (P<0.05) (Fig. 3
a, b, and c). Induction of sweet corn with TDZ significantly
decreased chlorophyll a, chlorophyll b and total chlorophyll
content in the presence of 0, 1, 10 mg kg-1 of endosulfan sulfate
in sand. Nevertheless, chlorophyll b and total chlorophyll
content in leaves of sweet corn with TDZ induction significantly
higher than control at the same level of endosulfan sulfate
(P<0.05) (Fig. 3 b and c). The effect of NAA on chlorophyll
content in leaves of sweet corn depended on the endosulfan

sulfate concentration in the sand. Low concentration of
-1
endosulfan sulfate (0 and 1 mg kg ) significantly increased
chlorophyll a, chlorophyll b and total chlorophyll contents in
leaves of sweet corn (P<0.05). Chlorophyll content in leaves of
sweet corn induced by NAA, significantly decreased in the
presence of 10 and 100 mg kg-1 of endosulfan sulfate in sand
(P<0.05) (Fig. 3 a, b and c).
-1

In the presence of 10 and 100 mg kg of endosulfan sulfate
in sand, chlorophyll a, chlorophyll b and total chlorophyll contents
in leaves of cowpea induced by NAA were significantly higher than
those in seedlings without NAA induction (P<0.05). Induction of
cowpea with TDZ reduced chlorophyll a, chlorophyll b and total
chlorophyll content in leaves of cowpea. Total chlorophyll content in
leaves of cowpea, induced by TDZ, was significantly lower than
control (P<0.05) (Fig. 3 d, e and f).
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Fig. 4: Root length, root fresh weight and root dried weight of sweet corn (a, b, c), cowpea (d, e, f) and cucumber (g, h, i) seedlings grown in endosulfan
-1
-1
-1
-1
sulfate contaminated sand at ( ) 0 mg kg , ( ) 1 mg kg , ( ) 10 mg kg and ( ) 100 mg kg . Different letters designate significant differences between
each level of endosulfan sulfate concentration and induction by the same plant growth regulator. * Significant difference form control without induction by
plant growth regulator at the same concentration of endosulfan sulfate (P<0.05)

Induction of cucumber grown in 10 and 100 mg kg-1 of
endosulfan sulfate by NAA significantly decreased the chlorophyll
a, chlorophyll b and total chlorophyll content in leaves as
compared to cucumber without induction by any plant growth
regulators (P<0.05). TDZ also tended to decrease the levels of all
types of chlorophyll in leaves of cucumber, the only exception
being the chlorophyll content in leaves of cucumber grown in 10
mg kg-1 of endosulfan sulfate was higher than that of the control
without TDZ induction. Chlorophyll a, chlorophyll b and total
chlorophyll content in leaves of cucumber grown in 100 mg kg-1 of
endosulfan sulfate in sand was lower compared to control without
TDZ (P<0.05) (Fig. 3 g, h and i).
Concentration of endosulfan sulfate ranging from 1-100
-1
mg kg did not produce toxic effect on the root growth in sweet
corn, cowpea and cucumber. Ten milligram per kilogram of
Journal of Environmental Biology, November 2014

endosulfan sulfate stimulated growth in cowpea as observed by
increased root length as compared to control plant, which was
grown in sand without endosulfan sulfate (P<0.05) (Fig. 4).

When seeds of sweet corn, cowpea and cucumber were
induced with NAA, there was no apparent effect on growth of
seedlings of these plants. NAA tended to decrease root length of
sweet corn to only 3.16, 3.94 and 4.42 cm in the presence of 1, 10
and 100 mg kg-1 of endosulfan sulfate, respectively as compared
to control (P<0.05). NAA did not affect fresh weight and dry weight
of roots sweet corn (Fig. 4 a, b and c).

NAA did not affect root length but increased root fresh
weight of cowpea to 0.22 and 0.30 and root dried weight of
cowpea to 0.020 and 0.027 g in the presence of 10 and 100 mg kg1
of endosulfan sulfate in sand, respectively (Fig. 4 d, e and f).

1027

Effect of NAA and TDZ on seedling growing on endosulfan sulfate-spiked sand
endosulfan sulfate and non-contaminated sand (Fig. 5).

py

TDZ produced adverse effect on root growth of all the
plants tested. The root lengths of sweet corn and cucumber
induced by TDZ were significantly shorter than those plants
without TDZ induction at all the concentrations of endosulfan
sulfate tested (P<0.05) (Fig. 4 a, b, c, g, h and i). Only root length
of cowpea induced with TDZ was not significantly different from
control (P<0.05) (Fig. 4 g). TDZ had no apparent effect on root dry
weight of cowpea (Fig. 3 i), however, root fresh weight of cowpea
was significantly lower than plants without TDZ induction at each
endosulfan sulfate concentration (P<0.05) (Fig. 3h). Root fresh
weights of cowpea without TDZ induction were 0.006, 0.009,
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The highest effect of NAA induction on seedling growth
was seen in cucumber as compared to other plants. Induction of
cucumber seeds with NAA reduced root length of cucumber
seedling as compared to non-induced cucumber control. Root
length of cucumber induced by NAA were 2.90, 4.12, 6.00 and
5.41 cm, when grown in 1, 10 and 100 mg kg-1 of endosulfan
sulfate, respectively. Fresh weight of cucumber root was
affected by NAA to a lesser extent than dry weight. Dry weight of
cucumber roots, receiving NAA, were significantly higher than
those without NAA induction at all levels of endosulfan sulfate in
sand (P<0.05) (Fig. 4 g, h and i). At tissue level, endosulfan
sulfate decreased the number of xylem in roots. NAA did not
increase the number of xylem, both in corn growing in

Fig. 5: Cross section of root tissues of sweet corn seedling grown in endosulfan sulfate-contaminated or non-contaminated sand and receiving various
plant growth regulators; Non-contaminated sand and without any plant growth regulator (a); 100 mg kg-1 endosulfan sulfate and without any plant growth
regulator (b); Non-contaminated sand and 10 mg l-1 NAA (c); 100 mg kg-1 endosulfan sulfate and 10 mg l-1 NAA (d). Abbreviation: X= xylem; epi =
epidermis; endo = endodermis
Journal of Environmental Biology, November 2014

K. Somtrakoon and M. Kruatrachue

1028

py

Earlier studies have reported that application of auxins
and cytokinins at suitable concentration enhanced growth of
plants at contaminated sites, especially when endogenous plant
hormone was disturbed by the contaminants. In this study,
endosulfan sulfate had no apparent toxicity to plant seedling
growth. Thus, application of external plant growth regulator might
have disturbed normal growth of seedlings. Neither NAA nor TDZ
promoted the growth of sweet corn, cowpea and cucumber to an
appreciable extent. Cucumber was affected by NAA and TDZ to
greatest extent as compared to other plants. TDZ decreased root
length and fresh weight of cucumber. NAA, however decreased
root length and increased dry weight of roots. Synergistic toxic
effect might have occurred to cucumber which received external
plant growth regulator while growing in endosulfan sulfate
contaminated soil. Phytoaccumulation stimulated by auxin and
cytokinin has been reported. For example, foliar or root
application of commercial grade cytokinin increased Ni
accumulation in Alyssum murale by increasing biomass and rate
of transpiration (Cassina et al., 2011). Application of IAA
increased the accumulation of Pb and Zn in sunflower (Fässler et
al., 2010).
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In the present study concentrations of endosulfan sulfate
ranging from 1-100 mg kg-1 did not cause apparent toxicity in
sweet corn, cowpea and cucumber. Seedlings of these plants
grew well in endosulfan sulfate spiked sand. Thus, application of
plant growth regulator had no effect on the alleviation and
promotion of seedling growth. Sweet corn has been reported to
tolerate some organochlorine pesticides. Chouychai and Lee
(2012) showed that sweet corn tolerated alpha-endosulfan fairly
well. While a mixture of alpha-endosulfan and lindane at 0.2-20
mg kg-1 dry soil decreased root length but there was no effect on
dry weight of shoot and root. Lindane concentration of 100, 200
and 400 µg kg-1 soil did not affect the germination and vigor index
of corn plants seeded in contaminated soil (Benimeli et al., 2008).
However, phytotoxicity of endosulfan has also been reported.
Vidyasager et al. (2009) reported that endosulfan at 0.2, 0.4 and
0.6% decreased seed germination in Sorghum bicolor. Shoot
length, root length, biomass and chlorophyll content of S. bicolor
decreased with increasing endosulfan concentrations.
-1
Chlorophyll b content was only 0.97 mg kg in the presence of 0.2
-1
mg kg of endosulfan. Chlorophyll b content increased to 1.11 and
1.13 mg kg-1 at 0.4 and 0.6% of endosulfan, respectively.
Endosulfan also led to higher activities of antioxidant enzymes
including peroxidase, polyphenol oxidase and superoxide
oxidase in Sorghum bicolor (Vidyasager et al., 2009). The
phytoxicity of endosulfan and endosulfan sulfate may depend not
only on the concentration of pollutants but also on the species of
plants which differ in physiology and specific pollutant response.

For example, one milligram per litre of IBA increased shoot and
root lengths of Brassica chinensis growing in 40 mg kg-1 of lindane
by 14% and 26%, respectively (Chouychai, 2012). Treating seeds
of corn with TDZ and kinetin was effective at alleviating the toxic
effect of Ni2+ and Zn2+ to corn seedling growth (Lukatkin et al.,
2007). Plant stress arising from polycyclic aromatic hydrocarbons
induced the production of ABA in plant cells, and this in turn might
promote chlorophyll degradation (Ahammed et al., 2012; Váňová
et al., 2009). Surprisingly, brassinosteroid alleviated toxic effect of
phenanthrene and pyrene to stressed tomato seedling grown in
hydroponics by enhancing the content of photosynthetic
pigments. Foliar and root application of 50 nM and 5 nM of
brassinosteroid alleviated all depression with a great
enhancement in the activity of tomato photosynthetic machinery.
Activities of detoxification enzymes in response to anti-oxidative
stress including guaicol peroxidase, catalase, ascorbate
peroxidase and glutathione reductase also increased (Ahammed
et al., 2012). Moreover, IAA alleviated the toxic effect of Pb and Zn
on sunflower grown in hydroponics. Shoot and root growth of
sunflower also increased in the presence of 10-10 M of IAA (Fässler
et al., 2010).
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0.005 and 0.018 g when the plants were grown in 1, 10 and 100
-1
mg kg of endosulfan sulfate, respectively (Fig. 4 h).
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Endosulfan sulfate is a metabolite of endosulfan
biodegradation and it is as toxic as its parent compound (Weber et
al., 2010). It causes oxidative stress, disruption of photosynthetic
activity and respiration in plants (Menone et al., 2008).
Modification of endogenous plant hormone is one of the plant
response to environmental stress and abnormal internal hormone
levels which cause unusual growth of plant (Kummerová et al.,
2010). The presence of fluoranthene in culture medium increased
internal abscisic acid (ABA) levels in cell of Pisum sativum
cultured under sterile condition. Accumulation of ABA in plant cell
results in the abnormality in absorption, transportation and
metabolism of ions in plant cells. ABA level also promoted
chlorophyll degradation in plants (Váňová et al., 2009). Moreover,
fluoranthene at 0.1, 1 and 5 mg kg-1 caused increased ethylene
levels in P. sativum growing under aseptic conditions. Ethylene
production is also plant response to the environmental stress
(Vamerali et al., 2011). Introduction of external plant growth
regulator to plants growing in pollutant-contaminated soils is one
way to preserve hormonal homeostasis in plant and it can
alleviate the toxicity of some pollutants to plant.
External plant growth regulator was used recently to
decrease toxicity of heavy metals and organochlorines to plants.
Journal of Environmental Biology, November 2014

Different effects of NAA and TDZ on sweet corn and
cowpea was observed in this study. NAA treatment led to
decreased root length but had no effect on biomass of sweet corn.
TDZ tended to decrease root length, fresh weight and dried
weight of sweet corn. NAA stimulated biomass of cowpea in the
presence of 10 and 100 mg kg-1 of endosulfan sulfate. TDZ had no
effect on root length but decreased root biomass in cowpea.
Different effect of NAA and TDZ on growth of plant seedlings
varied according to plant species because this effect may depend
on endogenous level of each hormone in each plant species.
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In summary, the ameliorative effect of NAA and TDZ
against endosulfan sulfate toxicity was not apparent for seedling
growth of sweet corn, cowpea and cucumber, as these plants
grew normally in endosulfan sulfate spiked sand. However,
inducing the seeds of these plants with NAA and TDZ seemed to
result in abnormal growth. It is possible to use these plants for the
purpose of endosulfan sulfate remediation in the future without
using any external hormones.
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This study also found that application of NAA and TDZ
exerted adverse effect, likely due to the use of inappropriate
concentrations. Unsuitable concentration of external plant growth
regulator was reported in P. sativum. Application of gibberrellic
acid at 100 µM increased ethylene and reactive oxygen species
production in P. sativum. The antioxidant system of plant altered
at this concentration of gibberrellic acid. However, Cr toxicity in P.
sativum was reported in the presence only 10 µM of gibberrellic
acid (Gangwar et al., 2011). High concentrations of IAA also
decreased the growth of chickpea (Malik and Sindhu, 2011). In
contrast, the level of plant growth regulator used in this study was
reported to promote growth of seedling in contaminated soil. IBA
at 10 mg kg-1 increased the fresh weight of B. chinensis grown in
40 mg kg-1 of lindane and alpha-endosulfan contaminated sand by
80% and 90%, respectively (Chouychai, 2012). NAA at 100 µM
resulted in increased Pb accumulation in Sesbania drummondii
and did not affect plant growth (Tassi et al., 2009).
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