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Abstract 

Today, the systematic use of phytosanitary products is 

questioned, with the awareness of the risks they can 

generate for the environment and human health. Indeed, 

the use of high concentrations of these chemical solutions 

can cause considerable damage to crops and can cause 

simple marks visible to the naked eye (chlorotic and 

necrotic lesions) until the premature death of plants 

through a slowdown in growth and a drop in yield. 

Otherwise, many organic xenobiotics, among which 

pesticides cause a disruption of cellular metabolism and 

oxidative stress that, result in overproduction of ROS 

(Reactive oxygen species). This scientific contribution 

aims to verify the effect of a fungicide Hexaconazole on 

the agronomic parameters, yield components and 

biochemical indicators of oxidative stress of a legume 

green bean Phaseolus vulgaris L. CV. Djedida. Four 

doses of treatment were chosen with control, namely 

Dose1 (0.4ml / l), Dose2 (0.8ml / l), Dose3 (1.2ml / l) and 

Dose4 (1.6ml / l). The results obtained show that all the 

variables studied note higher yields and a stable 

antioxidant response for the plants treated by the low 

doses D1 and D2, by against lots treated with high doses 

the D3et D4 recorded a lower yield and a higher 

antioxidant stress. The dose effect is decisive and 

proportional to the applied level. The analysis of these 

mechanisms of response to oxidative stress or of the 

fungicide-oxidative stress interactions Can therefore lead 

to a better understanding of the processes of response to 

xenobiotics. 
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I. INTRODUCTION 

Following a political of intensification of crops, 

Algeria is among the countries that use large quantities of 

pesticides. Thus, about 400 phytosanitary or control of 

agricultural plant diseases  in products are registered in 

Algeria of which about forty varieties are widely used by 

farmers [1]. The development of agricultural production 

follows precise standards from sowing to harvesting 

through cultural techniques among them, the protection 

against pests, diseases and weeds which is currently 

ensured by chemical control [2]. 

The implementation of several chemical applications 

poses some important problems relating to the resistance 

of pathogens and pests, the destruction of non-target 

species and the accumulation of these substances in 

natural environments [3]. Indeed, this contributes to the 

destruction of the auxiliary fauna, the selection of resistant 

strains, the multiplication of secondary pests and the 

pollution of the environment. 

The use of pesticides causes many physiological and 

metabolic disorders such as disruption of cellular mitosis, 

inhibition of root development [4], chlorosis on leaves [5], 

reduction of photosynthesis by inhibition of the enzyme 

system [6] chlorophyll alteration, electron transport and 

oxidative phosphorylation. Finally, they generate 

oxidative stress through the production of reactive oxygen 

species (ROS) and free radicals [7]. On the other hand, at 

low doses they can stimulate cellular metabolism and the 

activity of certain enzymes such as peroxidase, acid 

phosphatase and α-amylase [8]. 

Faced with this situation, research is oriented on the 

basis of effective phytosanitary protection that is 

respectful of the environment [9], because the 

consequences on the environment are disastrous, in the 

presence of these molecules in the soil [10], water 

contamination, degradation of living ecosystems [11]. 

In addition, damage to plants by pesticides can occur 

in a number of ways, from visible marks such as lesions 
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(chlorosis, necrosis), to premature death of plants, slowing 

growth and Decrease in yield. They can interfere with 

normal respiration, the mechanisms of photosynthesis by 

altering chlorophyll, the respiratory chain by electron 

transport and oxidative phosphorylation [12]. The root 

development is slowed, and the enzyme system is also 

affected [13]. They can also disrupt biochemical activity 

including the synthesis of carbohydrates and some amino 

acids and cause damage to the lipoprotein membrane [14]. 

The objective of this work is to know the responses of 

the antioxidant defence system of this legume by studying 

agronomic parameters, biochemical indicators and yield 

components of green beans, subjected to chemical stress 

by different doses of systemic fungicide: Hexaconazole. 

II. MATERIALS AND METHODS 

 The molecule of the fungicide Canvil is systemic of 

origin (Zeneca) active substance Hexaconazole belongs to 

the chemical family of triazoles. Its crude formula is C14 

H17 Cl2 N3O. Available in Algeria, it is used for 

vegetable crops and fruit trees. 

 The experiment was carried out under shelter in a 

greenhouse, according to a randomized, completely 

randomized device. Planting was done with five seeds per 

pot on a balanced textured soil at a depth of 2 cm. Four 

(04) doses of the fungicide are selected and solubilized in 

distilled water with 5 replicates plus control. The dose of 

DC (0.8 ml / l), dose 1 (0.4 ml / l), dose 2 (0.8 ml / l), dose 

3 (1.2 ml / l) and dose 4 (1.6 ml / l). Two fungal 

treatments were carried out by spraying, starting from the 

6th week after emergence for the first, and at the 9th week 

after the emergence for the second treatment. After each 

treatment, the analyzes of the agronomic and biochemical 

parameters are carried out. The experimentation, from 

sowing to harvesting lasted four (04) months. 

III. PARAMETERS  STUDIED 

A. The Agronomic Parameters 

 Measurements of agronomic parameters such as leaf dry 

matter (MSF) (AFNOR, 1982) [15]. Number of flowers 

per plant and number of flowers knotted per plant. 

B. The Biochemical Indicator Parameters 

 Dosage of Proline 

 Proline is assayed using the simplified Troll and 

Lindesly technique (1955) and developed by Dreier and 

Goring (1974) and modified by Monneveux and Nemmar 

(1986) [16]. The principle is based on the quantification of 

the proline-ninhydrin reaction. The proline couples with 

the ninhydrin forming a colored complex. The intensity of 

the staining is proportional to the amount of proline in the 

sample. The optical density of the samples is read by the 

spectrophotometer at the wavelength 528 nm. The proline 

content is expressed in μg / mg of MF. 

C. Glutathione (GSH) Assay 

The glutathione assay has been performed according to 

the Weckbeker and Cory method (1998) [17]. The 

principle of this assay is based on measuring the optical 

absorbance of the 2-nitro-5- mercapturic acid. This results 

are from the reduction of 5, 5-bis-2-nitrobenzoic acid 

(Elman’s reagent, DTNB) by groups (-SH) of glutathione. 

For this deproteinization of the homogenate (supernatant) 

is essential to keep only specific glutathione thiol groups. 

D. Weight of Dry Matter  

The figure 1, watches the evolution of the dry matter of 

the leaves in time. After two treatment operations with 

Hexaconazole, the analysis of the variance with one 

classification criterion (ANOVA1) shows that there is a 

difference between significant and very highly significant 

for the two treatments. This parameter whenever the dose 

increases the weight of the lowest dry matter is recorded 

in the doses D3 and D4. The highest value of the recorded 

leaf dry matter characterizes the plants treated with the 

lowest doses. 

 
Fig. 1. Effect of Hexaconazole on Weight of dry matter 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 6thand 9thweek. 

 

E.  Number of Flowers / Plant 

Figure 2 shows the character, number of flowers / 

plant during flowering. The decreasing values are 

explained by the transition from a phenological stage 

(vegetative growth) to another reproductive stage 

(flowering-fecundation). Analysis of the variance with a 

single classification criterion revealed highly significant 

differences for the 1st treatment and very highly 

significant for the second treatment (P <0.001). The 

control plants dominated with (19) flowers followed by 

D1 and D2 respectively (16) and (16). On the other hand, 

the strongest doses caused a decrease in this parameter 
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with low values of 15 flowers for D3 and 12 For the D4 

flowers for the second treatment. 

 

F. Number of knotted flowers 

Figure 3 shows a decrease of the knotted flower each 

time the dose increases. The highest number is that of the 

control with 18 pods, the lowest values are those of D3 

and D4 with 13 and 10 pods respectively, the number of 

knotted flowers of the treated plants having received two 

treatments is lower compared to the plants Which received 

only one treatment. The analysis of the variance proves 

the existence of very highly significant differences (Table 

1). 

 

   Statistical values of the observed F (Fobs) of the 

analysis of variance with 1 criterion of classification of 

the agronomic parameters during the first and second 

treatment as Table 1. 

 

IV.  THE BIOCHEMICAL INDICATOR 

PARAMETERS 

A. Content of Proline 

  Analysis of variance shows that there is a very highly 

significant difference between different measured average  

of proline, (Fig. 4), after the first and the second treatment 

application. Indeed, this figure shows a high content of 

proline in plants treated with doses 3 and 4. Furthermore, 

the control records smallest value. About the 

physiological parameters, especially the proline content, it 

has been found that it is a high significant manner for all 

treatments and in particular with high doses. 

B. Glutathione content (GSH):  

 The analysis of the levels of glutathione in leaves 

treated after the first application of treatment, shows 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 39.9 lot of  

D2 by the control recorded against the lowest value 

37.8µM/ mg Protein. After a second processing operation, 

the contents of GSH levels of glutathione decreased for all 

 
Fig. 2. Effect of hexaconazole on number of flower / 

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 6th and 9th 

week. 

 
Fig. 3. Effect of Hexaconazole on number of knotted 

flower of plants 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 

6thand 9th week. 

Table 1.   agronomic parameters during the first and second 

Source of 

variation 

DF DML Number of 

flower/ 

Plant 

Number of 

knotted 

flower 

Treatments T1     T2 T1   T2 T1     T2 

Conc 

Erreur 

4 

45 

5.4b 5.5b 3.9b 11.4a 13a     14a 

Total 49    

DF : Degree of freedom: DML : Weight of dry matter; c P< 0.05 : 

Significant differences; b P< 0.01 : Highly significant differences; 

a P< 0.001 : Very significant differences; ns : Not significant; T1 : 

traitement 1, T2 : traitement 2. 

 

 
Fig. 4. Effect of Hexaconazole on the 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 6thand 9th week. 
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lots with the exception of D1, the control recorded the 

lowest values, analysis of variance reveals a significant 

difference between different average measured, the D4 

records the highest value of 45.06, with a regression 

values for wholes lots, the control always shows the 

lowest value 33.2 µkat / g of FM. 

 

C. Glutathione sulfo-transférase activity (GST) 

 Analysis of GST enzyme concentrations in leaves 

treated after two applications of treatment shows that there 

is a very highly significant difference (Figure.6) between 

the different averages measured. D3 and D4 has the 

highest values with 14.2 and 14.5 followed by the lot D1 

with 10.3 and control recorded the lowest value 4.09 

nmoles / min / mg of  protein, after the first treatment. 

After a second application of treatment, the D3 still retains 

the highest value µkat 14.1 / g of FM, compared to the 

control. 

 

 
Fig. 6. Hexaconazole effect on sulfo-transferase activity 

of green beans treated at different concentrations: D1 (0.4 

ml / l), D2 (0.8 ml / l), D3 (1.2 mL / L), D4 (1.6 ml / l) at the 

6th and 9th week. 

 

 

Table 2: Observed value (Fobs) analysis of variance 

ANOVA of the biochemical parameters of the two 

treatments. 

 

D.F: degree of freedom: GSH: Glutathione; GST: 

glutathione sulfo-transférase. c) P <0.05: significant 

differences; b) P <0.01: Highly significant differences; a) 

P <0.001: very highly significant differences; ns: not 

significant;    T1: 1st treatment, T2: 2nd treatment. 

 

V. YIELD COMPONENTS PARAMETERS 
A. The pod length 

  The Figure 7 represents the length of the pods according 

to the different treatments with two fungal applications 

(Hexaconazole), The analysis of the variance with one 

classification criterion shows that there are very highly 

significant differences (P <0.001). The D1 (half-dose) 

records the highest length with an average of 11.59 cm. 

The control (without treatment) occupies the second 

position with 10.03cm, the doses D3 and D4 always give 

low values and come last with 8.6 and 7.2 cm 

respectively. 

 

 
Fig. 7. Hexaconazole effect on Pod length in (Cm) of 

green beans treated at different concentrations: D1 (0.4 ml 

/ l), D2 (0.8 ml / l), D3 (1.2 mL / L), D4 (1.6 ml / l) at the 6th 

and 9th week. 

B. Pod Weight 

The figure. 8 shows a low pod weight after two 

treatment operations. And each time the dose of treatment 

increases, the weight as well as pod number decreases. 

 
Fig. 5. 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 

intwoprocessing operationsat the 6thand 9thweek. 
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The analysis of the variance to one classification criterion 

shows that there are very highly significant differences 

between the different average values of this measured 

variable, Tab.3 (P <0.001); In fact, the pods of plants 

treated with dose 1 (6.21 g) are the highest; The control 

comes in second position with 4.5g, on the other hand, 

those who have undergone the D4 come in last position 

with 2.02 g. 

 

 

 
Fig. 8. Hexaconazole effect on Pod weight of green beans 

treated at different concentrations: D1 (0.4 ml / l), D2 (0.8 ml 

/ l), D3 (1.2 mL / L), D4 (1.6 ml / l) at the 6th and 9th week. 

 

C. Number of Seeds / Pod 

The figure. 9 shows that the number of seeds / pods is 

influenced according to the treatment doses for the first 

application. ANOVA.1 shows that there are highly 

significant differences between the different (P <0.01), the 

number of seeds counted for dose 1 is the highest value 

with 3 on average.  

 

 
Fig. 9. Hexaconazole effect on nNumber of seeds / podof 

green beans treated at different concentrations: D1 (0.4 ml / 

l), D2 (0.8 ml / l), D3 (1.2 mL / L), D4 (1.6 ml / l) at the 6th and 

9th week. 

 

 

In the control and D2 we have recorded, 2 seeds / pods 

and lastly D3 followed by D4, for the second treatment 

application, ANOVA.1 shows that there are very 

significant differences (P <0.001) (Table. 3), with a higher 

deviation of the average from the first processing 

application. The D1 is placed first with 3 seeds then the 

control with more than one seed and the plants of D2 with 

1 seeds / pod, the plants of D3 and D4 last. 

Statistical values of the observed F (Fobs) of the 

analysis of variance with 1 criterion of classification of 

the yield components during the first and second treatment 

(Table 3). 

 

Table 3. Statistical values of the first and second treatment  

Source of 

variation 

DF P.leng   P. weig Num s / p 

Treatments  T1       T2 T1       T2 

Conc 

Error 

4 

10 

13.3
a      14a 

 

66.4a             

47a 

 470a          

657a 

 

Total 14    

 

D.F : degree of freedom: P. Leng : The pod length; 

P.weig : Pod weight; Num s / p: Number of seeds / pod; c) 

P <0.05: significant differences; b) P <0.01: Highly 

significant differences; a) P <0.001: very highly 

significant differences; ns: not significant;    T1: 1st 

treatment, T2: 2nd treatment. 

 

VI. DISCUSSION 

 The results obtained from this work show that the 

weight of the dry matter of the leaves, the flowering and 

the number of flowers knotted during the vegetative cycle 

seems to have a difference between the various 

treatments, especially after the second application, the dry 

matter of the leaves is influenced by the fungicide. It is 

observed that the doses used D3 and D4 cause a 

regression of the agronomic parameters, with a cumulative 

effect after the second application (Figure 1. 2, 3, Table 

1). 

These results seem to corroborate those obtained 

by [20], [21] [22], the recorded agronomic parameters of 

regressions compared to controls after triazole treatments 

[23] [24]. 

The accumulation of certain amino acids such as 

proline, histidine and cysteine accumulate during 

chemical stress,and especially proline is correlated with 

the mechanism of the protection of plants in stress 

conditions [25][26]. It appears that the active ingredient of 

the fungicide in high concentrations has deleterious 

effects and metabolic disturbances [27], causing plant 

morphological alterations [28]. Proline is an amino acid 
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which accumulates in the plant when the environmental 

conditions are unfavorable. Content may vary from one 

plant to another and a habitat to another [29, 30]. 

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. The 

activity of antioxidant enzymes is considered bio-markers 

of oxidative stress [31], [32, 33, 34], antioxidant enzymes 

such as GST (Glutathione sulfo-transférase) in plants 

treated with D3 and D4 doses registers the highest values 

and this is explained by the stress of the plants, GST is an 

important enzyme that enters the process of detoxification 

of ROS [35,36]. The content of the GST enzyme and 

Glutathione increases under treatment with Hexaconazole, 

these molecules are involved in the metabolism of 

oxidative stress [37]. The observation of the results shows 

the cumulative effect that the fungicide has on the 

enzymatic activity of plants, these results were found by 

[38, 39], The combined action of GST / GSH is essential 

in mitigating effects of oxidative stress, such as acts 

against the superoxide anion, conversion to another 

reactive intermediate (H2O2) and the last act against 

H2O2, converting it to water and oxygen [40, 41]. 

 Yield components such as pod length, pod weight, 

number of seeds per pod of plants during the vegetative 

cycle appear to differ between the different doses of 

treatments, at a certain dose of fungicide these parameters 

are influenced [42], since the doses used D3 and D4 cause 

a regression of these parameters with a cumulative effect 

at the second application. These results seem to be similar 

to those obtained by [43], these yield components treated 

with Dose 1 have given a certain advantage over Control 

and D2, the plants use the fungicide as a source of energy 

and carbon at low dose [44], since Hexaconazole is an 

active member of the triazole family[45-47] and has 

properties in the regulation of plant growth.  

VII. CONCLUSION 

As a general conclusion, it can be said that this 

study of the action of the fungicide Hexaconazole on the 

green bean variety Djedida under semi-controlled 

conditions allowed us to have some interesting 

information on the effect and behavior of this species with 

respect to the concentrations applied. 

As the high concentrations relative to the suitable 

concentration recommended by the supplier of the product 

laboratory had a negative impact on agronomic settings 

made (Dry matter of leaves, number of flowers / plant and 

number of knotted  flower/ plant ) in The whole test with 

the highest doses, these parameters reveals differences 

between highly and very highly significant for the first 

application of treatment but after making a second 

application all the agronomic parameters have become 

very highly significant. 

 On the other hand, for proline, it is noted that the 

lowest doses recorded the lowest concentrations by 

against lots treated with high doses have the highest 

levels.  

 The low-dose fungicide can cause respiratory 

exaltation by slightly activating the cellular metabolism of 

plants. On the other hand, the application of high doses 

leads to a fall of the metabolic activities which generally 

result in a decrease of the photosynthatats is as defense of 

the plants by activating its enzymatic system like the GST 

and the molecule GSH to take charge of the free radicals 

And detoxify cell hyaloplasm by removing hydrogen 

peroxide (H2O2) which is toxic to cellular metabolism. 

Indeed, whatever the treatment (first and second), an 

important detoxifying activity was determined. 

 For yield components (pod length, pod weight, 

number of seeds per pod) they are influenced by the high 

doses of the fungicide, D3 (1.2ml / l) and D4 (1.6ml / l) 

And revealed very highly significant differences with a 

cumulative effect after a second application of treatment, 

the plants treated with the low doses D1 and D2 do not 

seem to be influenced by the treatment, on the other hand, 

lots of dose 1 represent the highest values is therefore a 

higher yield. 

In conclusion, the use of the fungicide may be 

beneficial for yield improvement, plant resistance to 

diseases, and the quality of crops harvested, but only on 

one condition: use of the dose Ideal otherwise it would 

generate oxidative stress and a depressive effect on 

irreversible plants. 
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