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ABSTRACT 

              The application of the herbicide oxadiazon [2-tert-butyl-4-(2,4-dichloro-5-

isopropoxyphenyl)-1,3,4-oxadiazol-5-one] to garlic (Allium sativum) resulted in a 

progressive increase in glutathione S-transferase (GST) activity across various plant 

tissues, including seedlings, roots, shoots, leaves, and stems. The lowest 

concentration of oxadiazon that induced a discernible increase in GST activity was 

0.025 ppm. The maximal enzyme activity observed was more than 275% of the 

control values at oxadiazon concentrations ranging from 10 to 20 ppm. In eight-day-

old garlic plants, a significant elevation in enzyme activity in the shoots occurred 

after 6 hours of exposure, with peak activity observed between 24 to 26 hours. 

Comparable but reduced increases in GST activity were recorded in the shoots of 

broad bean (Vicia faba) and corn (Zea mays). However, no significant change in 

enzyme activity was detected in lentil (Lens esculenta), bitter vetch (Vicia ervilia), 

wheat (Triticum aestivum), or barley (Hordeum vulgare) following oxadiazon 

treatment. 
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 في الثوم بواسطة مبيد الأعشاب أوكساديازون  ترانسفيراز-S تحفيز إنزيم غلوتاثيون

 
 أحمد الحديدي

 العلوم الطبية الأساسية، كلية التمريض، جامعة إربد الوطنية، عرمتة، الأردن 

 الخلاصة  

-S إلى زيادة تدريجية في نشاط إنزيم غلوتاثيون (Allium sativum) على نبات الثوم  أدى تطبيق مبيد الأعشاب أوكساديازون          

من  (GST) رانسفيرازت تركيز  أقل  وكانت  والسيقان.  والأوراق  والأفرع  والجذور  البادرات  ذلك  في  بما  مختلفة،  نباتية  أنسجة  عبر 

 %275وقد بلغ الحد الأقصى لنشاط الإنزيم أكثر من    .جزء في المليون 0.025أوكساديازون أحدث زيادة ملحوظة في نشاط الإنزيم هو  

وفي نباتات الثوم بعمر ثمانية أيام، لوحظ ارتفاع   .جزء في المليون 20–10مقارنة بقيم السيطرة عند تراكيز أوكساديازون تراوحت بين  

ت  كما سُجلت زيادا  .ساعة 26–24ساعات من التعرض، مع وصول النشاط إلى ذروته بين   6معنوي في نشاط الإنزيم في الأفرع بعد  

في المقابل، لم يلُاحظ أي تغير معنوي   .(Zea mays) والذرة (Vicia faba) في أفرع الفول العريض GST مماثلة ولكن أقل في نشاط

العدس في  الإنزيم  نشاط  المُرّة (Lens esculenta) في  الشعير (Triticum aestivum) والحنطة (Vicia ervilia) والبيقية   أو 

(Hordeum vulgare)  بعد المعاملة بأوكساديازون 

 . 

 .ترانسفيراز؛ التحفيز؛ أوكساديازون-S ؛ الثوم؛ غلوتاثيون(Alliaceae) ؛ الفصيلة الثوميةAllium sativum :الكلمات المفتاحية

 

INTRODUCTION  
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The findings of this study revealed, for the first time, that oxadiazon treatment resulted in an 

increase in GST activity across various organs of garlic. A gradual increase in GST activity 

was observed as the concentration of oxadiazon was raised in garlic shoots. The lowest 

concentration of oxadiazon that caused a significant elevation in GST activity was 0.02 

µg/mL, and the maximum increase occurred between 10 and 20 µg/mL.  
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Table 1. Glutathione S-transferase activity in 6-day-old garlic (cv UJC107) shoots exposed 

for 24 hours to different concentrations of oxadiazon. Values are mean ± SD of three 

experiments, each with duplicate determinations 

Oxadiazon (µg/mL) 
Glutathione S-transferase activity 

(nmol min⁻¹ mg⁻¹ protein) 
% of control 

Control 20.4 ± 0.9 100 

0.002 23.3 ± 1.4 114 

0.02 27.5 ± 0.5 135 

0.2 32.6 ± 1.4 157 

2.0 58.0 ± 5.4 284 

10.0 62.8 ± 2.3 307 

20.0 64.4 ± 7.0 315 

100.0 48.4 ± 3.7 238 

200.0 48.6 ± 5.6 240 

 

The highest enzyme activity was observed in garlic shoots 4–10 days old, with maximum 

GST activity at 6 days. 

 

Table 2. Glutathione S-transferase activity of garlic shoots exposed to 10 µg/mL oxadiazon 

for 24 hours at different developmental stages (ages). Values are mean of two experiments, 

each with duplicate determinations. 

Plant 

organ 

0 hr 

(nmol/min/

mg protein) 

0 hr 

(nmol/min

/g tissue) 

12 hr 

(nmol/min/

mg protein) 

12 hr 

(nmol/min

/g tissue) 

% of 

contr

ol 

24 hr 

(nmol/min/

mg protein) 

24 hr 

(nmol/min

/g tissue) 

% of 

contr

ol 

Root 15 80 37 250 247 57 380 380 

Stem 28 198 45 272 160 68 560 243 

Leaves 23 630 42 1300 180 65 192 280 

Shoot 21 300 42.2 620 200 60 910 286 

Seedlin

g 
19 250 44 420 230 69 675 360 

 

Further testing of different garlic organs showed that roots exhibited the highest 

increase in GST activity after 12 and 24 hours of oxadiazon exposure. 

Additionally, oxadiazon was more effective than atrazine in increasing GST activity 

in garlic, as seen in a comparison with other plants. 

The increase in GST activity was highest in the roots, followed by the leaves, shoot, 

and stem. When data was expressed based on unit g⁻¹ fresh weight, the highest GST activity 

was observed in the leaves, while the lowest was in the roots. 
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Table 3. Glutathione S-transferase activity in different organs of garlic following 10 µg/mL 

oxadiazon and the effects of 10 µg/mL oxadiazon on the enzyme level at different treatment 

times. 

Plant age (days) 
Control (nmol/min/mg 

protein) 

Oxadiazon treated 

(nmol/min/mg 

protein) 

% of control 

2 26 ± 3.4 52.8 ± 2.1 200 

4 18.0 ± 0.7 51.3 ± 3.5 285 

6 18.3 ± 1.3 54.2 ± 4.1 296 

8 17.8 ± 0.9 48.8 ± 2.5 274 

10 19.8 ± 2.5 56.1 ± 2.7 283 

12 19.5 ± 1.7 47.0 ± 2.5 241 

14 22.2 ± 4.2 41.6 ± 2.0 187 

16 18.6 ± 2.3 43.9 ± 3.2 236 

18 15.3 ± 1.0 32.0 ± 2.5 209 

 

Table 4. Glutathione S-transferase activity in various plants exposed to 10 µg/mL oxadiazon 

for 24 hours. 

Plant source 
Control (nmol/min/mg 

protein) 

Oxadiazon treated 

(nmol/min/mg 

protein) 

% of control 

Garlic 22* 66 300 

Beans 12 27 225 

Lentil 8.7 9 100 

Bitter vetch 2.8 3 107 

Corn 50 101 200 

Wheat 73 66 90 

Barley 61 60 98 

 

The present study demonstrates that treatment with oxadiazon significantly increases 

glutathione S-transferase (GST) activity in garlic. This enhancement in enzyme activity is 

likely part of a broader detoxification mechanism, as GSTs are well-established for their role 

in neutralizing harmful substances, including herbicides, in plants (Zhao et al., 2017; Zhou 

et al., 2018). Recent research has further corroborated that herbicide treatments can induce 

GST activity in various plant species as part of their resistance mechanisms (Almeida et al., 

2019; Borges et al., 2018). For example, Li et al. (2020) emphasized the pivotal role of GSTs 

in herbicide resistance in weeds, noting that overexpression of these enzymes provides a 

detoxification advantage in response to herbicide exposure (Li et al., 2020).  

The detailed time-course changes in GST activity, presented in (Table 1), show a 

marked increase following oxadiazon treatment, which aligns with the findings of Li et al. 

(2020). The results of this study are consistent with prior research conducted on other crops, 

such as corn, where enzyme induction occurs following treatment with herbicide antidotes 

(Gao et al., 2016; Huang et al., 2018). This is particularly relevant to herbicides like atrazine 

and simazine, which have been shown to significantly increase GST activity in plants 
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exposed to these chemicals (Gao et al., 2016). Additionally, studies have demonstrated that 

overexpression of GST genes is a common response in plants subjected to oxidative stress 

from herbicide treatment, contributing to herbicide resistance (Kang et al., 2017; Shen et al., 

2019). A comparative analysis of the maximum GST activity in garlic versus other herbicide-

treated plants, as shown in (Table 2), highlights garlic's unique response to oxadiazon 

treatment. Maximum GST activity was observed in garlic shoots between 4 and 10 days of 

age, suggesting that younger or older plants may exhibit a reduced capacity to respond to 

oxadiazon treatment. This temporal response mirrors similar findings in other plant species, 

where peak GST activity is observed at specific developmental stages. Data on the peak GST 

activity at various developmental stages of garlic, presented in (Table 3), offer insights into 

the optimal time for enzyme induction. The concentration-dependent response, with a peak 

at 10 ppm, suggests that oxadiazon induces a strong enzymatic reaction at certain threshold 

levels, a trend observed in other herbicide-induced GST activity studies involving weeds 

(Almeida et al., 2019; Borges et al., 2018). Additionally, the higher levels of GST activity 

in garlic roots compared to other organs imply that the roots may possess a higher capacity 

for herbicide detoxification. However, the highest activity in leaves, when adjusted for tissue 

weight, suggests that leaves may play an important role in further detoxification via GSTs 

(Qian et al., 2018).  

The comparative analysis of GST activity across different garlic organs in (Table 4) 

indicates that while roots are crucial for the initial detoxification of the herbicide, leaves 

could be actively involved in further detoxification processes. In comparison to other plants, 

oxadiazon was particularly effective in elevating GST activity in garlic, surpassing the 

efficacy of herbicides like atrazine in this regard. This suggests that garlic may possess a 

unique mechanism of GST induction that could contribute to its resistance to herbicides, 

similar to other plants that exhibit increased GST activity in response to herbicide exposure 

(Li et al., 2020). (Table 5) compares the GST induction in garlic treated with oxadiazon to 

that in plants treated with atrazine, supporting this hypothesis. Zhao et al. (2021) 

demonstrated that the overexpression of GSTs in species such as Solanum nigrum led to 

increased herbicide resistance, underscoring the significance of GSTs in plant defense 

against herbicide toxicity (Zhao et al., 2017). Moreover, research by Gao and Li (2020) 

highlighted the critical role of GST-mediated detoxification in various crops, suggesting that 

herbicide treatments activate plant detoxification systems, including GSTs, which play a key 

role in minimizing herbicide-induced damage (Gao et al., 2016). (Table 6) summarizes the 

GST activity data in various crops subjected to herbicide treatment, reinforcing the notion 

that GSTs are integral to herbicide resistance mechanisms. Future studies are needed to 

investigate the molecular mechanisms underlying GST induction in garlic following 

oxadiazon treatment. Understanding whether this induction contributes to garlic's overall 

resistance to herbicides would be crucial for developing strategies to mitigate herbicide 

resistance in agricultural practices. 
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CONCLUSION 

The present study demonstrates that oxadiazon treatment significantly increases 

glutathione S-transferase (GST) activity in garlic, suggesting that GST induction plays a key 

role in the plant’s detoxification response to herbicide exposure. The findings align with 

previous studies on other crops, reinforcing the role of GSTs in herbicide resistance 

mechanisms. Peak GST activity was observed in garlic shoots between 4 and 10 days of age, 

with a concentration-dependent response peaking at 10 ppm. The results indicate that garlic 

roots have a higher capacity for initial detoxification, while leaves contribute significantly to 

further enzymatic detoxification. Comparisons with other plants suggest that oxadiazon is 

particularly effective in inducing GST activity in garlic, highlighting a potentially unique 

mechanism of GST induction. Future research should focus on the molecular mechanisms 

underlying GST induction and its role in garlic’s overall herbicide resistance. 
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