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RESPOND OF CORN SEEDLING TO LINDANE AND ENDOSULFAN
CONTAMINANTS IN SOIL
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Abstract: Phytotoxicity of organochlorine was different depending on plant species and test
method. In this study, Lindane and endosulfan toxicity on corn seedlings growing in lindane
or endosulfan contaminated soil were tested. The result showed that lindane decreased corn
shoot and root length significantly when endosulfan did not affect. For example, root length
of comn seedlings growing in soil containing 0 and 20 mg/kg lindane was 8.85 and 2. 76 cm,
respectively. Both of lindane and endosulfan trended to decrease vigor index and increase
dried weight/ fresh weight ratio. It was possible that both contaminants disturbed water
accumulation in corn. Lindane showed higher toxicity than endosulfan at same concentration.
Lindane contamination in agricultural soil causes concern and should be remediate
immediately.

Introduction:

Organochlorines are a group of insecticides that had been used in agricultural site for a long
time. Many countries have banned and restricted the use of organochlorines since 1970s
because of their high toxicity to mammals, aquatic organisms, and persistence in environment
[1]. However, the residue of organochlorines still found in soil and their contamination is a
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serious environmental problem [1, 2]. The toxicity of organochlorine contaminants to crop
plants was uncertain. There were reports of toxic [3, 4] and non-toxic to plant [5] depend on
plant species and test method.

Corns are one of economic crops in Nakhonsawan Province and have a risk to contact with
organochlorine contaminant in agricultural soil. In this study, the toxicity of lindane and
alpha isomer of endosulfan to corn seedlings growing in contaminated soil were tested.

Methodology:

Non-contaminated soil was collected from Khaorad Agricultural Station of Faculty of
Agricutural Technology and Industrial Technology, Nakhonsawan Rajabhat University. A
sample of the soil was sent to Central laboratory (Thailand) Co., Ltd, Bangkok, Thailand for
chemical and physical characterization and background of organochlorine contamination. The
soil was air-dried at room temperature (28-31°C) for at least 24 h to constant weight before
use.

The general phytotoxicity assay described by Chouychai et al. [6] was followed. For each
experiment, 50 g of dried soil were added to a glass Petri dish in triplicate. Lindane and
alpha-endosulfan were weighed individually and dissolved in acetone. Each organochlorine
solution was transferred to a glass sprayer and spiked to soil to final concentrations of 0, 0.2,
2, and 20 mg/kg dried soil. Soil in each dish was thoroughly mixed with a digger. The spiked
soil was air-dried at room temperature (28-30°C) for more than 24 h or until the smell of
acetone had disappeared.

Seeds of sweet corn (Zea may) (commercial seeds of Kamlaithong Ltd., Bangkok, Thailand)
were used in this study. Seeds were immersed in water for 3 h and then inoculated into
organochlorine-spiked soil at 6-7 sceds per Petri dish. The dishes were kept at 29°C in a room
which received natural sunlight. Each plate received 10 to 20 ml of water at daily intervals.
After 10 days, the numbers of seeds germinated for each treatment were counted. Eight plants
were randomly removed for measurement of their shoot length, root length, fresh weight, and
dried weight. .

One -way ANOVA was used to test for significant differences between treatments followed
by Tukey’s test.

Results, Discussion and Conclusion:

Soil used in this study was alkaline (pH 8.9) and contain very low amount of phosphate.
There were not any organochlorines in soil before spiked with lindane or endosulfan.

Lindane showed high toxicity to decrcase seed germination, corn shoot and root length
significantly. Increased of lindane concentration had no effect on corn dried weight and fresh
weight. This confirmed the result of Bidlan et al [3] that hexachlorocyclohexane was toxic to
plant growth, including gamma isomer or lindane. The report of Benimeli et al. [5] that
lindane was not toxic to corn may be caused by low concentration test (0.1 — 0.4 mg/kg).

Alpha-endosulfan showed lower toxicity to corn seedling than lindane. Endosulfan did not
affect to corn shoot and root length, root fresh weigth, and root dried weight. Endosulfan only
significantly decreased shoot dried weight and fresh weight at lowest concentration (0.2
2
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mg/kg). This result contras with toxicity of endosulfan to Sorghum bicolor reported by
Vidyasagar et al. [4] which soaked seeds in endosulfan solution (2 -6 mg/l) directly for 6 h
before incubated in petri dish with the same endosulfan concentration. Contact of seed to
contaminant in soil is different from contact in solution because some contaminant will be
adsorbed with soil particle and decreased their bioavailability. This effect had been found in
toxicity test of 3-chloro- and 4-chlorobenzoate to tomato seed [7].

Vigor index of corn seedling were calculated by (mean root length + mean shoot length) x
(percent germination/10) [7]. The result showed that the presence of lindane decrease vigor of
seedling more than endosulfan as same concentration (Fig. 1).

Both of lindane and endosulfan trended to increase dried weight/ fresh weight ratio in both
corn shoot and root, Effect of lindane on shoot dried weight/ fresh weight ratio was higher
than endosulfan. It is possible that both contaminants disturb water transport or water
accumulation in plant. Further study should be done to confirm.

In conclusion, lindane contaminant in soil was toxic to corn seedling growth but endosulfan
was not toxic in the same concentration. Lindane contamination in agricultural soil should be
concern and need to remediate.

Table 1. Organochlorine toxicity on shoot and root fresh weight and dried weight of corn

seedlings.
Concentration | Germin | Fresh weight (ing) Dried weight(mg)
(mg/kg) ation

(%) Shoot Root Shoot Root
Lindane
0 100% 906 + 139.6a 475+ 534a 71.5+13.70a | 67.2+9.7a
02 85% 596 +271.1a 301 £79.7b 550+ 1474a | 41.1+£169b
2 80% 793 £277.7a 496 + 146.2a 70.6 +£2191a 71+16.7a
20 75% 884+ 285.6a 380+ 93.4a 80.6+23.34a | 57.6+26.6a
Endosulfan
0 100% 906 £ 139.6a 475+ 53.4a 715+ 13.7a 67.2+9.7a
0.2 85% 607 +134.8b 355+ 107.6b 482+ 9.5b 45.1+£21.0a
2 85% 776 +£119.2a 442+ 117.8a 64.8 +13.2a 659+ 17.8a
20 90% 805+ 151.2a 483+ 83.1a 66.4+ 7.0a 66.4126.4a

Values followed by different letters are statistically different ( P< 0.05)

3
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Figure 1. Shoot dried weight/fresh weight ratio (A) and Vigor index (B) of corn seedling
growing in lindane and alpha-endosulfan contaminated soil. Symbal: gg Lindane, [} Alpha-
Endosulfan
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Figure 2. Comparison of shoot and root length of corn seedling growing in alpha-endosulfan-
(left) and lindane- contaminated alkaline soil for 10 days.
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Abstract

The phytotoxicity of lindane and endosulfan contaminants in alkaline soil on sced germination and seedling growth of
Vigna unguiculata and Brassica chinensis were studied to assess the sensitive plant and end point. The result showed that root
length of V. unguiculata was sensitive to concentration of lindane and endosulfan more than root length of B. chinensis. Root
tength of V. unguiculata decreased 60% in 0.2 mg/kg lindane contaminated soil. On the other hand, Root length of B. chinensis
decreased 50% in 20 mg/kg lindane contaminated soil. Endosulfan did not affect to root length of V. unguiculata but decreased
oot fength of B. chinensis 70% in 20 mg/kg endosulfan contaminated soil. Fresh weight of B. chinensis decreased 40% in 0.2
mg/kg lindane contaminated soil and 60% in 0.2 mg/kg endosulfan contaminated soil, respectively. Fresh weigh of V. unguiculata
trended to similar between contaminated and non-contaminated soil. Based on these results, fresh weight of B. chinensis could be
use for assessment the amount of lindane and endosulfan contaminants in soil.
Keywords: Lindane, Endosulfan, Phytotoxicity
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Figure 1 Root length of V. unguiculata (®)and B. chinensis ((J) grown in varying concentration of Lindane (A) and

endosulfan (B) contaminated alkaline soil for 10 days. Use One -way ANOVA and Tukey's test for statistical analysis
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Figure 2 R” of B. chinensis scedling fresh weight grown in varying concentration of Lindane (#) and endosulfan (&)

contaminated alkaline soil for 10 days.
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Abstract

Each organochlorine pesticide is toxic to plant but co-toxicity of two organochlorine pesticides to
plant is not known. The ability of rice seedling to germinate and grow in an alkaline Thai soil contaminated
with a mixture of 0.2 — 20 mg/kg lindane and alpha-endosulfan, two organochlorine pesticides commonly
found in Thai agricultural soil were studied. Both of lindane and endosulfan were toxic to root more than root
and were toxic to elongation and fresh weight more than dried weight. Co-contamination of both pesticides
did not increase toxicity to root length. For example, root length of rice seedling growing in 2 mg/kg
endosulfan-contanmiinated soil was 10.0 cm when the root length of rice seedling growing in 2 mglkg
endosulfan + 0.2 mg/kg lindane was 10.5 cm. On the other hand, Co-contaminatiion of both pcsticidéé’ nﬁbre
decrease root fresh weight and increase dried weight/fresh weight ratio than each pesticide presence alone.
Water accumulation of rice seedlings were disrupted by co-contaminant of these organochlorines. With these

results, Co-toxicity of two organochlorine pesticides will be concerned for phytoremediation of these

compounds.

Key words: alkaline soil, endosulfan, lindane, organochlorine, phytotoxicity,



Introduction

Organochlorine pesticides have been used widely in agriculture for many years. In recent years, the
use of many organochlorine pesticides, in particular lindane and alpha-endosulfan, has been banned in many
countries, including Tlléilﬁnd in 2001 for lindane (IPM Thailand, 2008). Despite the ban, some reports
showed that there remains widespread contamination of lindane and alpha-endosulfan in some agricultural
soils in Thailand. For example, Poolpak et al. (2008) reported the presence of 0.34-24.17 mg/kg dry soil of
lindane and 0.05-16.1 mg/kg dry soil of all the isomers of endosulfan in the agricultural fields adjacent to the
Mae Klong River of central Thailand. The highest amounts of lindane and alpha-endosulfan in sediments
along the eastern part of the Gulf of Thailand were reported to be 232- 508 and 10 - 104 pg/kg dry soil,
respectively, during the dry season (Srivilas & Jaidee, 20006).

Lindane and alpha-endosulfan are resistant to microbial degradation under aercbic conditions
(Phillips et al., 2005) and this can limit the L{tility of a bioremediation process based on the use of
microorganisms alone. Phytoremediation, which involves the use of plants in conjunction with competent
microorgaﬁisms, may be an option. Plants intended for use in phytoremediation of soil contaminated with
organochlorine pesticides should be tolerant of these pesticides. Phytotoxicity of lindane and alpha-
endosulfan reported in several resecarchs were variable. For example, 0.1- 0.4 mg/ke lindane has been
reported to be non-toxic to the growth of germinated corn sceds (Benimeli et al., 2008). In contrast,
Vidyasagar et al. (2009) have reported toxicity of 2000 — 4000 mg/l endosulfan to decrease root length and
root fresh weight of Sorghum bicolor seeds planted on filter paper. Also, Bidlan et al. (2004) reported the
toxicity of 15 — 50 mg/kg lindane to decrease % germination and vigor index of radish and green gram
seedling grown on filter paper. However, the co-toxicity of two organochlorine pesticides is not known even
though these pesticides often found together both in soil and water (Poolpak et al., 2008; Samoh & Ibrahim,
2009; Singh & Mishra, 2009; Srivilas & Jaidee, 2006).

Phytotoxicity assays of seed germination and seedling growth can be a useful and effective
screening tool fo assess plant tolerance to contaminants found in soil and reduce the number of plants for pot
or greenhouse study (Chouychai et al.,, 2007; Kirk et al., 2002). The soils in Nakhonsawan province, such as
Takhli soil, are rich in limestone and pH of agricultural soil in this area will be in range of 7.0 — 8.0 or higher
(Department of Land development, 2009). The high pH may pose a unique problem for phytoremediation of
soils contaminated with organochlorine pesticides. High soil pH will limit the availability of phosphorus to
plants and it may affect to plant response to contaminants. High alkalinity in soil (pH 10.0) has been reported
to inhibit PAH biodegradation by soil microorganisms (Betancur-Galvis et al., 2006), The effect ofH'ighﬁsloil
pH on organochlorine phytotoxicity or biodegradation is not known but it shoud be concerned.

The objective of this study was to ideatify the co-toxicity of these organochlorine pesticides to rice
and assess the possibility for use in phytoremediation in organochlorine —contaminated alkaline soil. The co-
toxicity of lindane_and alpha-endosulfan, selected organochlorine pesticides, on rice seedling was
investigated. Rices were selected to use as model plant in this study because they have been the important
crop in Nakhonsawan province and there is possibility to contact with pesticide contaminant in soil. Lindane
was reported to toxic to rice by decreased auxin level in plants (Sharada et al., 1999). There was reported that
rice was a potential plant for hexachlorobenzene phytoremediation with their capacity to support

biodegradation in their rhizosphere (Yang et al., 2008).



Materials and methods

Agricultural soil

Alkaline soil with no previous history of or ganochlorine contamination was collected from Khaorad
Agricultural Station, Faculty of Agricultural Technology and Industrial Technology, Nakhonsawan Rajabhat
University, Nakhonsawan, Thailand. The soil was kept at room temperature (28-31°C) in black plastic bags.
Before use, the soil was air-dried at 28-31°C for at least 24 h to constant weight. A sample of the soil was
sent to the Central Laboratory (Thailand) Co., Ltd., Bangkok, Thailand for chemical and physical
characterization and measurement of background organochlorine contamination.

Phytotoxicity testing

The procedure for the phytotoxicity assay followed that described by Chouychai et al. (2007). For
each experiment, 50 g of dried soil were added to a glass Petri dish in triplicate. Lindane (Sigma-Aldrich, lot
number: 7038X, purity 99.8%) and alpha-endosulfan (CHEM SERVICE, Lot number: 409-77A, purity
99.5%) were weighed individually and dissolved in acetone. Each pesticide solution was transferred to a
glass sprayer and sprayed onto soil to final concentrations of 0.2, 2, and 20 mg/kg dried soil. As a control,
acetone without any pesticides was sprayed onto soil. Soil in each dish was thoroughly mixed with a metal
digeer. The spiked soil was air-dried at 28-30°C for more than 24 h or until the smell of acetone had
disappeared. The toxic effect of lindane and alpha-endosulfan mixture was tested by spiking to final
concentrations of 0.2, 2, and 20 mg/kg dried soil each of lindane plus alpha-endosulfan in different
combinations.

Seeds of rice (Oriza sativa) (commercial seeds from a farm in Nakhonsawan province, Thailand),
were imniersed in tap water for 3 h and then inoculated into pesticide-spiked soil at 6-7 seeds per Petri dish.
The dishes were kept at 29 °C in a room which received natural sunlight. Each dish received 10 ml of water
at daily intervals. After 10 days, the number of seeds germinated for each treatment was counted. Eight
plants were randomly removed for measurement of their shoot length, root length, fresh weight, and dried
weight. Vigor index was calculated by the equation [(mean root length (cm) + mean shoot length (cm)) x
(percent germination/10)] (Ajithkumar et al., 1998). Dried weight/fresh weight ratio was calculated to
estimate water accumulation.

Statistical analysis

ANOVA was used to test for statistically significant differences between treatments. Two way
ANOVA was used to examine the toxicity of a lindane and alpha-endosulfan nﬁxture to rice follo{‘v;)éd by

Tukey’s test.

Results

Characteristics of the alkaline soil

The soil used in this experiment was alkaline (pH 8.9), with low total phosphorus (P,Os) content
(lower than 0.29 g/100 g soil). The soil contained (per 100 g dry soil): 0.21 g total nitrogen (N), 0.13 g total
potassium (K), and 1.78 g organic matter, The soil was tested for a number of organochlorine compounds
(benzene hexachloride, heptachlor & heptachlor epoxide, aldrin & dieldrin, dicofol, DDT, chlordane,

endosulfan, endrin, DDE, and DDD). None was detected.



Lindane plus endosulfan phytotoxicity to seed germination and vigor index

The presence of endosulfan trended to decrease total seed germination from 80% in non-
contaminated soil to be 70% in 20mg/kg endosulfan contaminated soil. On the other hand, Lindane did not
affect to rice seed germination and seemed to slightly stimulated seed germination. There was less toxicity to
rice seed germination at high concentration of lindane when two pesticide presence together. However, there
were no significant difference (P < 0.05) between treatment (Table 1)

Vigor index of rice seedling rended to decrease with increasing endosulfan concentration. Low
concentration of lindane (0.2 — 2 mg/kg) slightly increase vigor index and then decreased as highest
concentration. When two pesticides presenced together, vigor index of rice seedling in all treatments were
lower than non-contaminated soil. However, the co -toxicity pronounced with vigor index was not as sharp as
that shown with root length or root fresh weight (Table 2)

Lindane plus endosulfan phytotoxicity to shoot

When presence alone in soif, Lindane or endosulfan as low concentration trended to increase shoot
fresh weight of rice and then decreased when their eoncentration increased. When lindane and endosulfan
presencé together, there were no effect on shoot fresh weight of rice except 0.2 mg/kg lindane + 20 mg/kg
endosulfan contaminated soil decreased shoot fresh weight of rice significantly (P < 0.05) (Table 1).

Both of lindane and endosulfan did not affect to shoot dried weight of rice but the combination of 2
pesticides trended to slightly increase dried weight/fiesh weight ratio, especially when there was 20 mg/kg
lindane or endosulfan (Table 1). For example, dried weight/fresh ratio of rice seedling growing on 20 mg/kg
endosulfan was 0.15 but dried weight/fresh ratio of rice seedling growing on 20 mg/kg endosulfan + 0.2
mg/kg lindane was 028 (Table 1). It is possible that the combination of two pesticides disrupt water
transport or water accumulation in shoot of rice seedlings.

All concentration of Endosulfan and 0.2 -2 mg/kg lindane increased shoot length of rice seedlings.
However, the combination of two pesticides did not affect to shoot length of rice seedlings when compared
with those growing in non-contaminated soil. Only 0.2 mg/kg lindane + 20 mg/kg endosulfan contaminated
soil decreased shoot length of rice significantly (2 < 0.05) (Table 1 & Fig 1-2).

Lindane plus endosulfan phytotoxicity to root

The presence of lindane or endosulfan alone decreased root fresh weight of rice seedlings
significantly (P < 0.05). Whea lindane and endosulfan were co-contaminants in soil, the toxicity to root fresh
weight trended to be more pronounced when compared with toxicity of lindane or endosulfan alone. For
exaniple, root fresh weight of rice seedling growing on 2 mg/kg lindane was 32.7 mg when root fresh ivéight
of rice seedling growing on 2 mg/kg lindane + 0.2 mg/kg endosulfan was 13.3 mg (Table 2).

Lindane, endosulfan, or the co-contamination of lindane plus endosulfan did not decreased root
dried weight of rice seedling significantly. When lindane and endosulfan were presence together, the dried
weight/fresh ratio.was increased more than the presence of each alone. For example, dried weight/fresh ratio
of root of rice seedling growing on 20 mg/kg endosulfan was 0.09 but dried weight/fresh ratio of root of rice
seedling growing on 20 mg/kg endosulfan + 0.2 mg/kg lindane was 0.51 (Table 2). These results shown that

the combination of two pesticides may disrupt water trausport or water accumulation in root of rice seedlings.



Table 1 Percent of seed germination, shoot length and shoot weight of rice seedling growing on varying concentration of lindane and

alpha-endosulfan contaminants in alkaline soil.

Lindane: alpha- Percent of sced  Shoot length (cm) Shoot weight
endosulfan germination Fresh weight (mg)  Dried weight (mg) Dried weights fresh
(mg/ke)
weight ratio
0:0 80% 165+ 19 434+ 11.6 15+12 0.17
0:.0.2 80% 20.4 £ 2.6% 61.7+£13.1% 96+16 0.16
0:2 85% 211 £28¢ 61.1 £ 124* 87+14 0.14
0:20 70% 19.5£28 559+11.0 8417 Q.15
02:0 95% 19.9 +:2.6* 624 £10.5* 8.6+ 1.8 0.14
0.2:0.2 85% 163 £3.4 443492 §.0+23 0.18
02:2 75% 16.6 £12 354+£63 55+14 0.15
0.2:20 95% 12.8 +2.0% 25.6+2.8% 72412 028
2:0 90% 19.8 %31 5924131 8.4+£29 0.14
2:02 90% 13.5 £45 379100 6.6+ 1.8 0.17
2:2 95% 13.7 £1.5 364444 74414 020
2:20 90% 142 £33 371494 8.0+ 1.7 021
20:0 75% 159+£1.7 42,1468 6.8+08 0.16
20:0.2 90% 166 19 36164 82%15 023
20:2 90% 163 £4.5 34941211 6.5+3.1 0.19
20:20 95% 16.0 +£1.5 388431 74+ 1.1 0.19

The data followed by *are significantly different (£ < 0.03) from rice seedling growing in non-contaminated soil

Table 2. Vigor index, root length and root weight of rice seedling growing on varying concentration of lindane and alpha-endosulfan

contaminants in alkaline soil

Lindane: alpha-

Vigor index

Root length

Root weight

endosulfan (em)
(me/kg) Fresh weight (mg)  Dried weight Dried weight/
(mg) fresh weight ratio

0:0 263.8+30.0 165+ 1.8 439+11.6 4.640.7 0.10

0:02 2494 +389 10.8 £22* 38.1+£8.2% 3.1+13 0.08

0:2 26404448 10.0 +2.4* 36.8412.7% 30+13 0.08

0:20 2104 +£353 [0.6 £2.1* 36.7157% 34%13 0.09

020 299.8+41.8 11.7+1.8% 3864947 33409 0.08

0.2:0.2 2494 +£43.6 13.0+1.7% 169+ 14.0* 50+1.1 029

022 2032 178 10.5£12% 22,04+ 15.4% 74+42 0.34

0.2:20 2067 £274 9.0£0.8*% 15.6+5.1% 80+34 051

2:0 28774384 122£12¢ 32.7+48.1% 384038 0.12

2:0.2 2169 £583 10.6 £2.0% 13.34£9.8* 5.1£1.0 038

2:2 2215 +£28.5 9.6+ 1.4% 16.8+4.4% 66+09 039

2:20 2338 £466 11.7+18% 15.545.6% 77+59 0.50

20:0 184.74:22.6 8.8+13* 27.0+4.8% 4.1+1.0 0.15

20:0.2 2576 £33.5 121 £19* [1.43242% 50434 044

202 2527 £57.3 11.8£17¢ 104+ 12.0* 42412 0.40

20:20 2719 £32.4 12.64£19* [4.8+87% 53422 036

The data followed by *are éigniﬁcaﬂtly different (P < 0.05) from rice seedling growing in non-contaminated soil



(a) £

Figure 1 Ten day old rice seedling growing in alkaline soil contaminated with (a) varying concentration of lindane alone; and (b)

varying concentration of endosulfan alone

The presence of lindane and endosulfan alone decreased root length of rice seedling significantly (P
< 0.05) (Table 2). However, the co-contamination of two pesticides did not increase toxicity to root length.
ror example, root length of rice seedling growing on 20 mg/kg endosulfan was 10.6 cm when root length of

rice seedling growing on 20 mg/kg endosulfan + 0.2 mg/kg lindane was 9.0 cm (Table 2 & Fig 1-2).

Discussion

There are some reports shown that organochlorine pesticide showed toxicity to various plant
species. Vidyasagar et al. (2009) reported that 2000 — 4000 mg/1 Endosulfan affected to growth of Sorghum
bicolor by decrease root length and root fresh weight of seedlings. The toxicity of endosulfan to plant cell has
been reported in many species. For example, endosulfan could affect to cell division of root meristem of
Bidens laevis, wetland macrophyte in Asteraceae family, which growing in 0.01.— 5 pg/l endosulfan _s_(_)h}_tion
hydroponically (Pérez et al., 2008). Endosulfan also induce enzyme involve in oxidative stress, sﬁéh as
catalase, glutathione reductase, and H,0, production, of aquatic microphyte Myriophyllum quitense (Menone
et al., 2008). Technical hexachlorocyclohexane (containing 5% lindane) ranged from 300 — 12,500 mg/kg
decrease seedling growth of some grasses and legumes but did not affect to biomass procuction (Pereira et
al., 2010). The toxicity of lindane to plant cell involved to interrupt leaf cell membrane of Elodea densa and
caused to reduce selectivity of sodium/potassium ion (Schefczik and Simonis, 1980) and decreased auxin and

Ca ”" level in rice (Sharada et al., 1999).



Figure2 Ten day old rice seedling growing in alkaline soil contaminated with (a) varying concentration of lindane + 02.mg/kg
endosulfan; (b) varying concentration of lindane + 2.0 mg/kg endosulfan; and (c) varying concentration of lindane + 20 mg/kg

endosulfan

Pereira et al., (2010) reported that total germination of 9 tested plants growing in acidic soil (pH 4.8)
was not sensitive with HCH contaminant but germination rate was delayed with increasing HCH
concentration. Grass species seem to be sensitive to HCH more than dicotyledon. In this study, the total
germination of rice growing in alkaline soil (pH 8.9) was not significantly different but germination rate was
not measured.

When two pollutants are found together, their toxicity can be additive toxicity and potentiation of
toxicity. The additive toxicity means that toxicity of a mixture depends on total concentration and each

pollutant express toxicity as it would when tested alone. However, toxicity of some pollutant mixtures is



greater than additive. It means that when two pollutant presences together, the toxicity is higher than toxicity
of each pollutant alone as same concentration. The potentiation of toxicity may occur from one pollutant
inhibits detoxication process or increases activation process of another one (Walker et al., 2001). It should
be concerned if two pollutant have a potentiation of toxicity when presence together in environment.

The effect of a combination of varying pollutant concentration contaminated in environment has
been less report than each pollutant alone. Chouychai et al. (2007) reported that phenanthrene and pyrene was
additive toxic to root length of comn seedling growing in contaminated acidic soil but the combination of two
compound were potentially toxic to root length of groundnut seedling growing in same condition. This
differentiation may form the different metabolism of PAHs in different species. In this study, the
combination of lindane and endosulfan was additive toxic to root length of rice seedling but it was potentially
toxic to shoot and root fresh weight of rice seedling. It is possible that two pesticides were toxic to water
transport, water accumulation or disrupt level of plant hormone controlling the water balance in plant cell.

Some plant hormone involving in water balance, such as IAA (Mansfield & McAlinsh, 1995), had been
' reported that its level was decreased by hexachlorocyclohexane (Sharada et al., 1999). This phenomenon

should be investigated in the next study.

Conclusion

Co-toxicity of lindane and alpha-endosulfan to rice seedling growing in contaminated alkaline soil
depended on end point of toxicity. The combination of two pesticides were additive toxic to root length but
were potentially toxic to shoot and root fresh weight. Root growth of rice seedling was more affected by
these pesticides than shoot growth. The co-toxicity of pesticide should be concern for selection of tolerant
plant species because it will affect to efficiency of phytoremediation process. The toxicity of organochlorine
pesticide to rice, the important crop of Thailand, indicated that remediation of these compound in agricultural

site shoud be done rapidly.
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Organochlorines ate group of insecticides that have
banned and restricted the use since 1970s. The residue
of organochlorines still found in soil and their
contamination 15 a senous environmertal problem.
However, the toxicity of organochlorine contaminants
to crop plants was uncestain. In this study, the toxicity
of lindane and alpha isomer of endosulfan to com
seedlings growing in contaminated soil wete tested

Non-contaminated soil was collected from Khaorad
Agricultural Station, Nakhonsavran Rajabhat University.
Lindane and alpha-endosulfan were  weighed
individually and dissolved in  acetone. Each
organochlorine solution was spiked to soil as final
concentrations of 0, 0.2, 2, and 20 mg/kg dried soil
Seeds of sweet corn (Zer mgy) were inoculated into
organochlorine-spiked soil as 6-7 seeds per Petsi dish.
After 10 days, the numbers of germinated seeds were
courted. Eight plants were randomly removed for
measutement of their shoot length, root length, fresh
weight, and dried weight.

Alpha-endosulfan showed toxicity to com seedling
lower than lindane. Endosulfen did not affect to corm
shoot and root length, root fresh weight, and root
dried weight. Endosulfan only significantly decreased
shoot dried weight and fresh weight at lowest
concentration.
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Lindane decreased seed germination, com
shoot and oot length significantly. Increasing
of lindane concentration had no effect on com
dried weight and fresh weight Lindane
decrease  vigor of seedling more than
endosulfan as same concentration.
Both of lindane and endosulfan trended to
increase dried weight’ fresh weight ratio.
Effect of lindane on shoot dried weight/ fresh
weight ratio was higher than endosulfan. It is
possible thit both cortaminants disturb water
transport or water accumulation in plant and
Further study should be done. With these
results, Organochlorine cortamination in
agricultural soil should be concern and need ta
remediate.
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