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Abstract

The effect of indolebutyric acid (IBA) and gibberellic acid (GA
3
), to alleviate the organochlorine phytotoxicity

were studied in Brassica chinensis. Presence of organochlorine decreased Brassica chinensis seedlings

growth in contaminated alkaline soil. One mg l-1 IBA could enhance 14 and 26% shoot and root length of B.

chinensis seedlings grown at 40 mg kg-1 lindane contaminated soil, respectively. Ten mg l-1 IBA also

increased 80 and 40% root fresh weight of seedling grown in 40 mg kg-1  lindane and alpha-endosulfan

contaminated soils, respectively. However, IBA had no effect on shoot and root length of seedlings grown in

endosulfan contaminated soil. On the other hand, 10 mg l-1 GA
3 
only increased 80% of shoot and root fresh

weigh of B. chinensis in 40 mg kg-1  endosulfan contaminated soil.  External auxin addition could increase B.

chinensis growth in lindane more than endosulfan contaminated soil. External gibberellin was less effective

than external auxin to increase B. chinensis growth in organochlorine contaminated soil. There is possibility

that auxin could decrease organochlorine phytotoxicity in plants and hence can be useful for organochlorine

phytoremediation.
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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 but there were

reports showed that there remains widespread contamination of

lindane and alpha-endosulfan in some agricultural soils in Thailand

(Poolpak et al., 2008; Srivilas and Jaidee, 2006). Biodegradation

of these compounds by microorganisms were limited and slow

(Phillips et al., 2005).

Phytoremediation is a new challenge technology to remove

organic contaminants, including organochlorine pesticide, from soil

with several plant mechanism or plant-microbe interaction (Gerhardt

et al., 2009). Plants intended for use in phytoremediation of soil

contaminated with organochlorine pesticides should grow well in

pesticide contaminated soil. However, organochlorine pesticides

have been reported to be toxic to plant. For example, endosulfan

could affect cell division in root meristem of Bidens laevis, a wetland

macrophyte in the Asteraceae family, when grown hydroponically

in the presence of 0.01 – 5�l g-1 endosulfan solution (Pérez et al.,

2008) while lindane could decreased levels of the plant hormone,

indoleacetic acid, in rice seedlings (Sharada et al., 1999).

Phytotoxicity of these compounds will limit plant growth and then

limited phytoremediation success.

There have been reports that plant exposure to plant growth

regulators could increase their tolerance to heavy metal. For example,

salicylic acid increase mustard tolerance to cadmium (Ahmad et al.,

2011), thidiazuron increased maize tolerance to nickel (Lukatkin et

al., 2007), and salicylic acid increased oilseed rape tolerance to

cadmium (Meng et al., 2009). Some plant growth regulator, such as

indoleacetic acid (IAA), could increase phytoextraction of metals
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Fig -1. Effect of IBA on (A) shoot length,  (B) root length, (C) shoot fresh weight and (D) root fresh weight of B. chinensis seedlings growing in varying

concentration of lindane contaminated alkaline soil for 10 days. Different lower case letter showed significant difference between IBA in same lindane

concentration. * significant difference form seedling growth in non-contaminated soil.

W. Chouychai

(Israr and Sahi, 2008; Liu et al., 2007; Tassi et al., 2008). However,

the effects of some plant growth regulators to plant respond to

organochlorine have not been reported. The objective of this study

was to evaluate the possibility to use plant growth regulators

enhancing organochlorine phytoremediation success.  The effect of

indolebutyric acid (IBA) and gibberellic acid (GA
3
) to lindane and

endosulfan phytotoxicity on length and fresh weight of Brassica

chinensis seedlings were studied.

Materials and Methods

Soil analysis and preparation: Non-contaminated alkaline soil

was collected from Khaorad Agricultural Station, Faculty of Agricutural

Technology and Industrial Technology, Nakhonsawan Rajabhat

University. The soil was kept at room temperature (28-31oC) in

black plastic bags. The soil was air-dried at 28-310C for at least 24

hr to constant weight before use. A sample of the soil was sent to

Central laboratory (Thailand) Co., Ltd., Bangkok, Thailand for

chemical and physical characterization and analysis of background

organochlorine contamination.

Phytotoxicity assay: The phytotoxicity assay described by

Chouychai et al. (2007) was followed. For each experiment, 50 g

of dried soil were added to a glass petri dish in triplicate. Lindane

(Sigma-Aldrich, purity 99.8%) and alpha-endosulfan (CHEM

SERVICE, purity 99.5%) were weighed and dissolved in acetone.

Each organochlorine pesticide solution was transferred to a glass

sprayer and spiked to soil to final concentrations of 0, 20, and 40 mg

kg-1 dried soil for control, acetone without any pesticides was sprayed

into soil. Soil in each dish was thoroughly mixed with a metal digger.

The spiked soil was air-dried at 28-300C for more than 24 hr or until

the smell of acetone had disappeared.

Seeds of Brassica chinensis (commercial seeds of T.R.

Green Co, Ltd, Chonburi, Thailand) were used in this study. Plant

growth regulators used in this experiment were 3-indolebutyric

acid (Fluka, purity 99%) and gibberellic acid (Fluka, purity 90%).

Seeds of B. chinensis were immersed in the following solutions: (a)

1 mg l-1  IBA (b) 10 mg l-1  IBA (c) 1 mg l-1 GA
3
 (d) 10 mg l-1 GA

3
 and

(e) distilled water.  After immersion for 3 hr, 7 seeds were then

inoculated into each petri dish containing 50g of soil spiked with

lindane or alpha-endosulfan. The experiment was conducted in

triplicate. The dishes were kept at 290C in a room which received

natural sunlight.  Each plate received 10 to 20 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, as well as the fresh

weight and dry weight of the shoots and roots.

Statistical analysis of data: Two-way analysis of variance

(ANOVA) was used to test for significant differences between

treatments followed by least significant difference (LSD) test.
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Fig-2. Effect of GA
3
 on (A) shoot length, (B) root length , (C) shoot fresh weight  and (D) root fresh weight of B. chinensis seedlings growing in varying

concentration of lindane contaminated alkaline soil for 10 days. Different lower case letter showed significant difference between GA
3
 in same lindane.

* significant difference form seedling growth in non-contaminated soil.

Results and Discussion

Soil property: The soil used in this experiment was alkaline (pH

8.9), with low total phosphorus content (lower than 0.29 g 100-1 g

soil). The soil contained (per 100 g dry soil): 0.21 g total nitrogen,

0.13 g total potassium and 1.78 g organic matter. The soil was

tested for a number of organochlorine compounds (benzene

hexachloride, heptachlor and  heptachlor epoxide, aldrin and

dieldrin, dicofol, DDT, chlordane, endosulfan, endrin, DDE and

DDD), however, none of the above were  detected.

Effect of IBA on organochlorine phytotoxicity: Total

germination of B. chinensis did not decrease significantly when 20

mg kg-1 lindane or endosulfan were present. Total germination

decreased from 70 to 65 - 60% when 40 mg kg-1 lindane or

endosulfan was present. 10 mg l-1 IBA enhanced total germination

in highest concentration of lindane contaminated soil form 60 to

80% and 10 mg l-1 IBA enhanced total germination form 65 to 70%

in highest concentration of endosulfan contaminated soil.

In non-contaminated soil, 1 mg l-1 IBA increased shoot length

and 10 mg l-1 IBA increased root length of B. chinensis (Fig 1A and

B). One  mg l-1 IBA was able to  enhance both  shoot and root fresh

weight of B. chinensis seedling (Fig 1C and D).

Lindane contaminants decreased shoot and root length of B.

chinensis. One  mg l-1 IBA still increased shoot and root length of B.

chinensis in all concentration of lindane contaminated soil (Fig 1A

and B). Also, when lindane was present, 10  mg l-1 IBA still increased

both shoot and root fresh weight of B. chinensis when compared

with those seedling growing in lindane contaminated soil with no

plant growth regulator (Fig 1C and D).

When endosulfan was added, shoot and root length of B.

chinensis decreased and any concentration of IBA could not increase

shoot and root length of B. chinensis seedlings (Fig 2A and B).

Similarly, both shoot and root fresh weights decreased when

endosulfan was added. One  mg l-1 IBA was able to increase shoot

fresh weight significantly (P<0.05) while all concentrations of IBA

increased root fresh weight of B. chinensis seedlings growing in 20

mg kg-1 endosulfan contaminated soil. However, when 40 mg kg-1

endosulfan was present, IBA could not increase shoot and root

fresh weight of B. chinensis significantly (Fig 2C and D).

There have been reports that auxin protected plant growth

against toxicity and increased lead accumulation in Sesbania
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Fig-3. Effect of IBA on (A) shoot length, (B) root length, (C) shoot fresh weight and (D) root fresh weight of B. chinensis seedlings growing in varying

concentration of alpha-endosulfan  contaminated alkaline soil for 10 days. Different lower case letter showed significant difference between IBA in same

alpha-endosulfan. * significant difference form seedling growth in non-contaminated soil.

drummondii (Isar and Sahi, 2008) and Sedum alfredii (Liu et al.,

2007). Internal auxin level in rice seedlings was decreased by

hexachlorocyclohexane (HCH) including gamma isomer or lindane

(Sharada et al., 1999). In this study, IBA was effective to enhance

shoot and root length of B. chinensis in lindane contaminated soil

while only the highest concentration of IBA increased fresh weight of

B. chinensis. IBA only increased fresh weigth of B. chinensis in

endosulfan contaminated soil and its effect decreased when

endosulfan concentration was increased.

The role of auxin in plant root elongation associated with

acidification of cell wall and then let it loosening and expansion has

been reported (Tanimoto, 2005). It is possible that lindane disrupted

internal auxin level of B. chinensis seedlings and caused root

shortening. External IBA could alleviate the lindane toxicity to plant

elongation. On the other hand, endosulfan toxicity to plant elongation

may be different from lindane toxicity and external auxin could not

alleviate this toxicity. Pérez et al. (2008) showed that endosulfan

affected cell division in root meristem of Bidens laevis grown in

0.01–5�g g- 1 endosulfan solution hydroponically.

Effect of GA
3
 on organochlorine phytotoxicity: In non-

contaminated soil, GA
3
 did not affect  seed germination of B. chinensis.

GA
3
 10 mg l-1 could enhance total germination from 60 to 75% in

highest concentration of lindane contaminated soil and GA
3
 1 mg l-1

enhance total germination (form 65 to 70%) in highest concentration

of endosulfan contaminated soil.

In non-contaminated soil, GA
3 
could not enhance shoot and

root length of B. chinensis seedling. Also, GA
3 
did not affect  fresh

weight of B. chinensis. Shoot and root length and shoot fresh weight

of B. chinensis  decreased when growing in soil containing 20 mg

kg-1 lindane.  Only root fresh of B. chinensis  decreased in highest

concentration of lindane. GA
3
 could not increase shoot length of B.

chinensis growing in all concentration of lindane. Only 10 mg l-1 GA
3

increased root length of B. chinensis growing in soil containing 20

mg kg-1 lindane (Fig 3A and B). GA
3
 did not affect shoot and root

fresh weight of B. chinensis growing in lindane contaminated soil

(Fig 3C and D).

When endosulfan was applied, shoot and root length of B.

chinensis decreased significantly. Seed induction with GA
3
 did not

enhance shoot and root length of B. chinensis in any endosulfan

concentration (Fig 4A and B). Shoot fresh weight of B. chinensis

decreased significantly in endosulfan-contaminated soil. One mg l-1

GA
3
 could enhance shoot and root fresh weight of B. chinensis
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Fig- 4. Effect of GA
3
 on  (A) shoot length, (B) root length, (C) shoot fresh weight  and (D) root fresh weight of B. chinensis seedlings growing in varying

concentration of alpha-endosulfan contaminated alkaline soil for 10 days. Different lower case letter showed significant difference between GA
3
 in same

endosulfan concentration. * significant difference form seedling growth in non-contaminated soil.

growing in 20 mg kg-1 endosulfan contaminated soil while 10 mg l-1

GA
3
 enhance shoot and root fresh weight of plant growing in 40 mg

kg-1 endosulfan contaminated soil. However, GA
3
 did not enhance

root fresh weight of B. chinensis in any concentration of endosulfan

contaminant in soil (Fig. 4C and D).

The data about effect of organochlorine pesticide on internal

gibberellin level is limited. However, gibberellin level in plant was

proposed to be a target of polycyclic aromatic hydrocarbons (PAHs)

with their similar structure (Xing et al., 2006). In this study, external

gibberellin only increased fresh weight of B. chinensis growing in

highest concentration of organochlorine contaminated soil. It is

possible that internal gibberllin was disrupted by organochlorine

pesticide less than internal auxin. Induced seedling growth with

external giberellin may not be necessary for organochlorine

phytoremediation.

Both IBA and GA
3
 affected plant’s fresh weight more than

dry weight. There were no significant difference between any

treatments (data not shown). Calvelo Pereira et al. (2010) also

reported that low concentration HCH (lower than 300 mg kg-1) did

not affect dry biomass of Triticum aestivum, Pisum sativum, Hordeum

vulgare and Phaseolus vulgaris.  However, the effect of auxin on

organochlorine accumulation in plant tissue and success of

organochlorine phytoremediation  needs to be further investigated.

IBA could increase B. chinensis seedling growth in both

lindane and endosulfan contaminated soil but GA
3
 was less effective.

There is possibility that auxin could decrease organochlorine

phytotoxicity in plant as 20 mg kg-1 concentration that was generally

found in contaminated Thai soil (Poolpak et al., 2008) and then

should be useful for organochlorine phytoremediation.
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