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 The aim of this work is to verify the effect of the fungicide Hexaconazole on 
agronomic, biochemical markers and enzymatic activity of a legume green bean 

Phaseolus vulgaris, cv. Djedida. Four treatment doses were chosen with control namely 

Dose1 (0.4ml/l), Dose2 (0.8ml/l), dose3 (1.2ml/l) and Dose4 (1.6ml/l). The obtained 
results showed that high concentration had a negative impact on all agronomic 

parameters (elongation of plants, number of leaves, leaf area).Moreover, slight 

stimulation of synthetic pigments (chlorophylls and carotenoids) treated by low doses 
was noted compared to controls. It was observed that only high doses caused a 

significant accumulation of proline. In conclusion, it can be said that fungicide action 

on green beans, allowed us to know that. Finally, the defensive activity of POD, CAT, 
GST and glutathione against the stressor has been very important in plants treated with 

high fungicide levels. The use of fungicide perfect doses may be beneficial for 

improving the performance, augmenting yields and boosting the resistance to diseases.  
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INTRODUCTION 

 

Agriculture is one of the determinants of economic activity in the world. However, the development of 

agricultural production obeyed specific standards of planting to harvest of crop technologies including 

protection against pests, diseases and weeds is currently provided by a chemical control [1]. This has 

contributed to increased yields and production regularity. Access and easy use of synthetic pesticides were very 

efficient and reliable in a significant number of cases [2]. 

Following an intensification of political cultures, Algeria is among the countries that use large amounts of 

pesticides. Thus, about 400 pesticides are registered including forty varieties are widely used by farmers [3]. 

In this situation, research is oriented on the basis of protecting plant health and environmentally friendly 

pesticides [4, 5, 6] because the consequences are disastrous to the environment, in the presence of these 

molecules in the soil [7], water and living organisms [8, 9, 10]. 

Pesticide use may cause many physiological and metabolic disorders such as disruption of cell mitosis [11, 

12], inhibition of root growth [13], the appearance of leaves chlorosis  [14] and reducing photosynthesis [15], 

inhibiting enzyme system [16, 17], alteration of chlorophyll and altering electron transport and oxidative 

phosphorylation. Finally, pesticides could generate an oxidative stress by producing reactive oxygen species 

(ROS) and free radicals [18]. In low doses, pesticides can stimulate cell metabolism and the activity of certain 

enzymes such as peroxidase, acid phosphatase and α-amylase [19]. 

The objective of this work is to investigate the effect of systemic fungicide Hexaconazole on agronomic and 

physiological markers and the responses of antioxidant enzymes in the bean Phaseolus vulgaris L. cv. Djedida. 
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MATERIALS AND METHODS 

 

The molecule used is a systemic fungicide, Anvil original (Zeneca) Hexaconazole, and the active matter belongs 

to the chemical family of triazoles, with a chemical formula of C14 H17 Cl2 N3O. It is available in Algeria, and 

being used for vegetable crops and fruit trees. The experiment was carried out inside covered greenhouse in a 

device completely randomized. Seeding was performed at five seeds per pot on a balanced soil texture, to a 

depth of 2 cm. Four (04) doses of the fungicide were selected and dissolved in distilled water with five 

repetitions including the control. Dose field or DC (0.8 ml/l), dose 1 (0.4ml/l), dose 2 (0.8ml/l), dose 3 (1.2ml/l) 

and dose 4 (1.6ml/l) were prepared. Two fungal treatments were applied by spraying, the first started in the 6th 

week after emergence, while the second begun in the 9th week after emergence. The experimental work lasted 

four 04 months from planting until harvesting. Statistical analyses of agronomic and physiological parameters 

were performed.  

 

Parameters studied: 

Agricultural Settings: 

The agronomic parameters studied were the length of the plant aerial part  (LAP), the number of leaves per 

plant (NLP) and leaf area (LA) by applying the method described by Paul et al., (1979) [20]. 

 

Determination of chlorophyll and carotenoid pigments: 

The dosage of the chlorophyll and carotenoid pigments was performed by the method of Holden (1975) 

[21].  Green leaves were weighed (0.2g), grinded in a mortar with a pinch of calcium carbonate (CaCO3) to 

neutralize vacuolar acidity and 25ml 80% acetone was added. Chlorophyll was determined  spectrophotometry  

by reading the optical densities (OD) of the extracts at 645 and 663 nm, and applying  the equation system of 

Arnon and Mc Inny (1949) [22] in order to obtain the contents of chlorophyll (a) and (b) and carotenoids in mg 

/g fresh matter (FM). 

 

Dosage of proline:  

Proline was assayed by the method of Troll and Lindesly (1955) simplified and developed by Dreier and 

Goring (1974), and modified by Monneveux and Nemmar (1986) [23]. The principle is based on the 

quantification of the proline-ninhydrin reaction. Proline is coupled with ninhydrin to form a colored complex. 

The intensity of the color is proportional to the amount of proline in the sample by reading the optical density at 

528 nm.  Proline content was expressed as mg /g fresh matter. 

 

Enzymatic activity of peroxidase: 

Measuring the enzymatic activity of the peroxidase was realized through an electron donor, the guaiacol (2-

methoxyl phenol), which can be oxidized in the presence of enzyme and hydrogen peroxide (H2O2 0.01N) to 

give an orange color. This activity was determined spectrophotometrically at 470 nm. The absorbance was 

recorded every 30 seconds for 2 minutes. The peroxidase activity was expressed in μkat/g fresh matter [24]. 

  

Enzymatic activity of catalase:  

To measure the activity of catalase, the enzyme extract was incubated with hydrogen peroxide (H2O2) over 

a given duration. Catalase activity was determined by titration of the remaining hydrogen peroxide with a 

potassium permanganate solution (KMnO4) in acid water. At room temperature, it was brought to 1 ml enzyme 

extract in 10 ml of 0.01N H2O2 (buffered solution) for 5 min. The reaction was then stopped by introducing 25 

ml of a 2% H2SO4. The catalase activity was then expressed in μkat/g fresh matter [25]. 

 

Enzymatic activity of glutathione S-transferase (GST): 

The activity of glutathione S-transferase was produced by the method of (Habig et al., 1974) [26]. The 

samples were homogenized in phosphate buffer (pH 6.5 to 100mM) and centrifuged at 9000G for 30 min. The 

method comprises of reacting the GSTs on a mixture of CDNB (20mM) -GSH (100mM). The variation of the 

optical density due to the appearance of CDNB-GSH complex was measured every 15 seconds for 2 min at 340 

nm. The GST activity was expressed in nmoles/min/mg proteins. 

 

Glutathione (GSH) assay: 

The glutathione assay was performed according to the Weckbeker and Cory method (1998) [27]. The 

principle of this assay is based on measuring the optical absorbance of the 2-nitro-5- mercapturic acid. This 

results from the reduction of 5, 5-bis-2-nitrobenzoic acid (Elman’s reagent, DTNB) by thiol groups (-SH) of 

glutathione. For this reason, deproteinization of the homogenate (supernatant) was essential to keep only the 

specific glutathione thiol groups. 
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3.4. Statistical Analysis:  

All results have been validated by analysis of variance of one classification criterion ANOVA [28].  Data 

were expressed on average values (mean ± standard deviation). 

 

RESULTS AND DISCUSSION 

 

The length of the aerial part of plants: 

Results showed the plant growth over time after treatments with Hexaconazole Figure (1). Statistical values 

of F observed vary in a highly significant manner at (Table.1). Results demonstrated that the highest average 

were observed in plants treated with the lowest dose 1 (0.4ml/l), followed by the control with 36.5 cm  whereas 

doses D3 and D4 have induced the lowest values with 35 and 34cm in succession for the first treatment and 36.5 

and 34.8 cm for the second treatment. 

 

 
 

Fig. 1: Effect of Hexaconazole on length aerial part of green beans treated with different concentrations: D1 

(0.4ml/l), D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing operations at the 6
th

 and 

9
th

 week. 

 

Number of leaves per plant: 

The results obtained (Figure.2) showed that the foliar emission, after the first and second treatment with 

Hexaconazole was slowed in plants exposed   to the highest concentration of fungicide, with an average value of 

32 leaves/per plant for the first treatment and 41 leaves/per plant for the second treatment. Contrary, plants 

treated with the lowest concentration (first dose), had an average of 36 leaves/per plant and 48 leaves/per plant 

for the second treatment. In contrast,  ANOVA showed that in spite of the slight differences observed, they were 

not significant for the first treatment, but they were significant for the second one (Table.1). 

 

Leaf area:  

Determining leaf area during growth after the two fungal treatments, for the different doses, showed that 

this character does not vary significantly within plants (P <0.05) for the first treatment despite the slight 

differences between plants treated with D1 compared to other doses and the control (Figure.3), However, this 

character becomes very highly significant (P<0.001) after the second treatment (Table.1). The control recorded 

culminating value of 56cm
2
, followed by the plants of the D1 with a value of 55.1cm

2
. Moreover, plants treated 

with the highest doses recorded the lowest values  of 38.2 and 37.6 cm
2
, respectively. 

The results obtained at the end of this study showed a regression of agronomic characteristics (elongation 

plant leaf emission, leaf area) during the growth cycle, especially with the higher doses used (D3 and D4) after 

the second treatment. These results seem to corroborate those obtained by Lakshmanan (2007) [29], Smiley et 

al., (1996) [30], Siddiqui et al., (2001) [31], concerning the delays of cell division and plant elongation [32]. 

Other work that uses the triazoles on cultivated plants had noted the same effects [33]. 
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Fig. 2: Effect of Hexaconazole on number of leaves per plant of green beans treated with different 

concentrations: D1 (0.4ml/l), D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing 

operations at the 6
th

 and 9
th

 week. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Effect of Hexaconazole on leaf area of green beans treated with different concentrations of D1 (0.4ml / l), 

D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing operations at the 6
th

 and 9
th

 week. 

 
Table 1: Statistical values of F observed (Fobs) analysis of variance ANOVA 1 for Agronomic parameters during the first and the second 

treatment. 

Source of variation DF LAP NLP LA 

Treatments  T1          T2 T1        T2 T1          T2 

Concentration 
Error 

4 
45 

 5,4b       5,5b 1,3ns       4,0b  0,9ns      19,1a 

Total 49    

 

DF: degree of freedom; LAP:  length of the aerial part; NLP: number of leaves per plant; LA:  leaf area;            

a: Significant at P <0.05; b: Significant at P <0.01; c: Significant at P <0.001; ns: Not significant; T1: First 

treatment; T2: second treatment. 

 

Pigment content:  

The analysis of variance showed that there were very highly significant differences between different 

measured averages for different doses (Figure. 4). The chlorophyll (a) of D1, D2 and the control, has recorded 
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the highest values with 2.45, 2.26 and 2.02μg /g fresh matter, respectively for the first treatment. However, for 

the 2
nd

 treatment, it became lower with 1,63μg /g for the control and 1,43μg /g for D1, but D2, D3 and D4 had the 

lowest values. For Chlorophyll (b), there was no big difference between plants of the D1, D2 and the control, 

while the lowest values were those of D3 and D4 with 0.45 and 0.3 mg/g fresh matter for the first and 0.52 and 

0.46 mg/g fresh matter for the 2
nd

 treatment. Furthermore, the most important carotenoid of D2 and D4 had 

recorded the lowest levels. While the ratio of chlorophyll Chl (a)/Chl (b) of D3 and D4 (data not presented) was 

more important compared to the control of the first treatment that makes us understand that the activity of 

chlorophyll (a) has been lowered compared to Chlorophyll (b). After a second treatment, all the activity of 

chlorophylls has been lowered.  

Photoreceptor pigments (chlorophylls and carotenoids) play an important role in capturing light and convert 

it into chemical potential energy for the reduction of atmospheric CO2 into organic molecules such as 

carbohydrates and proteins [34]. Exogenous triazoles were reported to increase the growth parameters, 

pigments, photosynthesis and ion accumulations in unstressed plants [35] [36]. Under fungicide influence, the 

synthesis of such pigments was decreased drastically in plants treated with the high dose and the cumulative 

effect of the fungicide was applied after the second treatment. These results are in perfect agreement with those 

found by Berova et al., (2002) [37]. The reduction of pigments are important when using the highest doses of 

the fungicide [38].This decrease may be caused by a reduction in net photosynthesis [39] which affects the 

membrane thylakoïdal PS1 [40] and modifies the profile and phytosterol thylakoïdal functions [41, 42]. 

Cucumber treated with a fungicide of the triazoles family showed the same conclusion [43], while dose 1, which 

is considered as the half dose recommended of fungicide seems to promote the synthesis of chlorophyll (a) and 

carotenoids. Similar results were found by Hojati, (2010) [44], this can be explained by the fact that the active 

site  is the Hexaconazole of triazoles involved in the regulation of plant growth  [45],  and inhibits lipid 

peroxidation in carrot plants compared to control [46]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Effect of Hexaconazole on pigment content of green beans treated with different concentrations; D1 

(0.4ml/l), D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing operations at the 6
th

 and 

9
th

 week. 

 

Content of proline:  

Analysis of variance showed that there is a very highly significant difference between different measured 

means of Proline (Figure.5) after the first and the second treatment. Indeed, this figure showed a high content of 

proline in plants treated with doses 3 and 4. Furthermore, the control recorded the smallest value. Concerning 

the physiological parameters, especially the proline content, it has been found that it was a highly significant for 

all treatments and in particular with the high doses. 

Indeed, the accumulation of certain amino acids, especially proline was correlated with the mechanism of 

plant protection in stress conditions [47]. It appears that the active ingredient of the fungicide in high 

concentrations has deleterious effects and metabolic disturbances [48], causing plant morphological alterations 

[49]. Radical reactions with macromolecules in particular lipoprotein cause the destruction of lipid membranes 

[50]. Proline is an amino acid which accumulates in the plant when the environmental conditions are 

unfavorable. Its content may vary from one plant to another and from a habitat to another [51, 52]. Therefore, its 

role is fundamental in osmoregulation thereby controlling the internal pressure of the osmotic cell and causes 

the closure of stomata to brake and / or prevent the entry of harmful substances into the cells. 
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Fig. 5: Effect of Hexaconazole on proline content of green beans treated with different concentrations; D1 

(0.4ml/l), D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing operations at the 6
th

 and 

9
th

 week. 

 

Glutathione content (GSH):  

The analysis of glutathione levels of leaves treated after the first application, showed that this fungicide has 

a highly significant effect between the different measured medium, the D3 and D4 has the highest values with 

54.2 and 56.3 followed by D2 (39.9) and the control recorded the lowest value of 37.8µM/ mg proteins 

(Figure.6). After a second processing operation, the contents of glutathione levels decreased for all lots with the 

exception of D1, where the control recorded the lowest values. Analysis of variance revealed a significant 

difference between different average measured, the D4 recorded the highest value of 45.06, the control always 

showed the lowest value of 33.2 8µM/ mg proteins. 

 

 
 

Fig. 6: Effect of Hexaconazole on Glutathione content of green beans treated with different concentrations; D1 

(0.4ml/l), D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing operations at the 6
th

 and 

9
th

 week. 
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Peroxidase activity: 

The data of (Figure.7) showed the peroxidase activity in leaves treated with the fungicide. On the lots 

treated with high doses D3 and D4, it recorded high activities of 1.6 and 1.7, respectively.  However, its activity 

in the control group was relatively low with a value of 0.71μkat/g fresh matter after the second treatment. 

 

 
 

Fig. 7: Effect of Hexaconazole on peroxidase activity of green beans treated with different concentrations; D1 

(0.4ml/l), D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing operations at the 6
th

 and 

9
th

 week. 

 

Catalase activity:  

The catalase activity of the treated leaves is presented by the (Figure.8). Results postulated the existence of 

very highly significant differences between the means obtained for both treatments, where D4 of the both 

treatments has the highest values, followed by D3.  

 

 
 

Fig. 8: Effect of Hexaconazole on catalase activity of green beans treated with different concentrations; D1 

(0.4ml/l), D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing operations at the 6
th

 and 

9
th

 week. 
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Glutathione sulfo-transferase activity (GST):  

Analysis of GST enzyme concentrations in leaves treated after two treatment show that there was a very 

highly significant difference between the different averages measured (Figure.9). D3 and D4 has the highest 

values with 14.2 and 14.5, followed by  D1 with 10.3 and then the control which recorded the lowest level of 

4.09 nmoles /min/mg  proteins, after the first treatment. However, after the second treatment, D3 still retains the 

highest value of 14.1 nmoles /min/mg proteins, compared to the control. 

 

 
 

Fig. 9: Effect of Hexaconazole on sulfo-transferase activity of green beans treated with different concentrations; 

D1 (0.4ml/l), D2 (0.8ml/l), D3 (1.2ml/l) D4 (1.6ml/l), conducted in two processing operations at the 6
th

 

and 9
th

 week. 

 

The non-enzymatic an Reduced glutathione was found to increase under triazoles treatment, while the 

antioxidant enzyme like peroxidase and catalase activities showed significant increase under the same treatment 

[53, 54] (Divya Nair et al, 2012; Hassanpour et al, 2012). 

 

Furthermore, the plant treated by higher doses of D3 and D4 appeared to stimulate the catalase and 

peroxidase activity involved in the metabolism of oxidative stress [55]. This was explained by the fact that 

chemical stress induced by the fungicide had made the plants to neutralize the toxic compounds (ROS) by 

adjusting cell metabolism through the action of antioxidant enzymes, peroxidase and catalase, involved in the 

process of cellular detoxification [56, 57, 58, 59, 60]. 

The combined action of the GST, CAT and GSH, is essential in mitigating the effects of toxic superoxide 

anion, by converting them to another reactive intermediate (H2O2). The latter can be converted by POD act 

against H2O2, converting it to water and oxygen [61]. The observed results indicated the cumulative effect of 

fungicide on plant enzyme activity; as it was reported by [62], [63]. 

 
Table 2: Observed value (Fobs) of the physiological parameters of the two treatments. 

Source of 
variation 

d.f Chl(a+b) Chl(b) Carot Proline GSH POD CAT GST 

Treatments T1        T2 T1      T2 T1       T2 T1       T2 T1   T2 T1    T2 T1   T2 T1    T2 

Conc 

Error 

4 

25 

130a 

713,3a 

180a 

53,3a 

111,3a  

587,1a 

76,3a   

73,6a 

 6,1b      

4,3c 

83,4a  

121,6a 

59,5a  

101,6a 

 16,6a   

83,5a 

Total 29         

d.f: degree of freedom: Ch.: Chlorophyll; Carot: Carotenoids; POD: peroxidase; CAT: catalase;  GST: glutathione sulfotransferase; GSH: 

Glutathione.  
a: Significant at P <0.05; b: Significant at P <0.01; c: Significant at P <0.001; ns: Not significant; T1: First treatment; T2: second treatment. 

 

Conclusion: 

In conclusion, it can be said that fungicide action on green beans, allowed us to know that high 

concentrations compared to the concentration recommended by the supplier of laboratory products had a 

negative impact on all agronomic parameters (elongation of plants, number of leaves, leaf area) Moreover, slight 

stimulation of synthetic pigments (chlorophylls and carotenoids) treated by low doses was noted compared to 
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controls. It was observed that only high doses caused a significant accumulation of proline. Finally, the 

defensive activity of POD, CAT, GST and glutathione against the stressor has been very important in plants 

treated with high fungicide levels. Finally, the use of fungicide perfect doses may be beneficial for improving 

the performance, augmenting yields and boosting the resistance to diseases.  

Abbreviations: POD: peroxidase, CAT: catalase, GST: Glutathione sulfo-transferase, GSH: Glutathione, 

Chl: chlorophyll, MF: fresh matter. 
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