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Abstract: The  ability  of  hexaconazole  (HEX)  to  ameliorate  salinity  stress  was  studied  in
mung bean, Vigna radiata L. plants  subjected  to  salinity  stress  as  sodium  chloride  (NaCl)
treatments. The obtained results showed that application of NaCl at different concentrations
(2000, 4000, 6000 mg/L and tap water as a control) reduced all the studied growth
parameters, chlorophyll content as well as increased proline (Pro) content in mung bean
plants. In addition, NaCl stress increased the activity of antioxidant enzymes, such as
peroxidase (POX), super-oxide dismutase (SOD) and catalase (CAT). Application of
hexaconazole (HEX) solutions at 25 or 50 mg/L on the plants subjected to irrigation with
saline solutions at different concentrations ameliorating the inhibitory effects of salinity.
These effects might be attributed to the physiological role of (HEX) on increasing growth
parameters such as shoot growth, number of branches, dry weight, photosynthetic pigments
and activity of some antioxidant enzyme. Our results suggested that hexaconazole has an
important role in the enhancement of plant antioxidant enzymes and will be able to overcome
the toxic effects of NaCl stress on mung bean seedlings.
Keywords: salinity stress, mung bean plant, Vigna radiata, growth parameters, yield,
chlorophyll, antioxidant (hexaconazole).

Introduction

Mung bean (Vigna radiata L. Wilkzek) is a summer crop with short duration (70-90 days) and high
nutritive value. The seeds contain 22-28% protein, 60-65% carbohydrates, 1.0-1.5% fat, 3.5-4.5% fibers and
4.5-5.5% ash. They have many effective uses, green pods in cooking as peas, sprout rich in vitamins and amino
acids. This crop can be used for both seeds and forage since it can produce a large amount of biomass and then
recover after grazing to yield abundant seeds1,2. For  these  facts  and  to  increase  the  demand  for  increased
productivity of mung bean plant is going for the eyes of agriculture scientists about the expansion of cultivation
in the newly reclaimed land suffering from an increase in the proportion of soil salts and a lack of fresh water
for irrigation.

Salinity  is  considered  as  sever  problem  in  agriculture  as  it  results  in  a  noticeable  reduction  in  the
productivity of economic crops. Lack of fresh water for irrigation together with the poor drainage of water from
the cultivated soils resulted in the accumulation of salts. In Egypt the cultivated regions restricted to the Nile
valley depending on fresh water of the River Nile for irrigation does not exceed 4% of the total land area of
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Egypt. Most of the newly reclaimed lands depend on underground water of various degrees of salinity for
irrigation. In addition progressive accumulation of salts became a serious problem in many cultivated areas of
the Delta as a result of high ground water table, especially when accompanied by poor drainage.

Salinity is known to interfere with multiple physiological processes like photosynthesis by decreasing
the chlorophyll content3 and inducing the closure of stomata, thereby decreasing partial CO2 pressure within the
leaf. However, the degree of salt-induced reduction in photosynthetic capacity depends upon the area of
photosynthesizing tissue, the amount of photosynthetic pigments, and stomatal and nonstomatal factors that
affect the CO2 assimilation (gas exchange and metabolism)4. Salt induced osmotic stress triggers the formation
of reactive oxygen species which can cause damage to the mitochondria and chloroplasts by cellular structures5.

The inhibitory effects of salinity on plant growth are also to specific ion cytotoxicity, low external
osmotic potential, and nutrients deficiencies 2. Ion cyto-toxicity is caused by the replacement of K+ by Na+ in
biochemical hydration shells and interfere with the non-covalent interaction among the amino acids, hence, the
ability of plants to maintain a high cytosolic K+/ Na+ ratio is a key feature of plant salt tolerance6. Some plant
growth regulators (PGRs) can increase the plant tolerance against salinity5.

Proper application of plant growth regulators is being increasingly used to manipulate plant growth and
yield, and to enhance the tolerance of plants to many environmental stresses5,7,8 Hexaconazole (HEX; chemical
name of (RS)-2-(2,4-dichlorophenyl)-1-(1H-1,2,4-triazol-1-yl) hexan-2-ol) is an active member of the triazole
family with plant growth-regulating properties9. It can cause many morphological changes, such as reducing
shoot growth, stimulating root growth9,10, inhibiting gibberellin biosynthesis, increasing chlorophyll content,
altering carbohydrate status, increasing cytokinin biosynthesis and temporarily enhancing the (abscisic acid)
ABA content. Triazole compounds can also increase the photosynthetic rate (Pn), phosphoenol pyruvate
carboxylase activity and root oxidizability7,11. Recent studies have shown that the application of ketoconazole
and uniconazole, a closely related triazole, enhances tolerance to stress induced by salinity and water
logging5,12, heat13 and freezing14 in canola seedlings. Uniconazole also enhances drought tolerance in
soybeans15.  Triazole compounds improve the tolerance of stressed plants, which may be due to improved
antioxidant defense mechanisms with higher enzyme activities of superoxide dismutase (SOD) and peroxidase
(POX) decreasing lipid peroxidation and membrane deterioration 7,9,16.

For all the above mentioned reasons, this study investigated the effect of hexaconazole (HEX) on non-
stressed and NaCl-stressed mung bean plants. The concentrations of NaCl and hexaconazole were selected
based on previous studies showing mung bean tolerance to NaCl up to 200 mM and a positive effect of triazole
compounds on plant metabolism17,18,19. This investigation aimed to study the ability of growth retardant
"hexaconazole" to ameliorate the harmful effects of salinity stress with an emphasis on several growth and yield
parameters, photosynthetic pigments content, proline content, and activity of some antioxidant enzymes (POX,
SOD and CAT).

Material and Methods

Pot experiments were carried out during two successive growth seasons (2011 and 2012) in the screen
of the National Research Centre, Dokki, Giza, Egypt. Seeds of mung bean plant, Vigna radiata were obtained
from Field Crops Research Institute, Agricultural Research Centre, Ministry of Agriculture, A.R.E.

The seeds were presoaked for 10 h in 500 mL of the following solutions:

Distilled  water  (control),  25  or  50  mg  L_1 of growth retardant hexaconazole "HEX". After soaking, five seeds
were sown on 17th of February, 2011 and 2012, respectively in plastic pots 30cm in diameter that had been
filled with 13Kg of a soil mixture containing air-dried loamy clay soil and sand in a ratio of 1:1 (V:V). After
two weeks from sowing the seedlings were thinned to two seedlings per pot. Before sowing the seeds, the pots
were irrigated with the different treatment solutions and the soil electrical conductivity (EC) was then
measured. The pots were then divided into four groups according to the seed pretreatments, and irrigated
accordingly with tap water (control), 2000, 4000 or 6000 mM NaCl. The plants were irrigated with saline
solutions one time every week. To avoid the toxicity resulted from the accumulation of salts ions around the
root system the plants irrigated three times with equal amounts of saline solutions followed by one time with tap
water.
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Fertilization:

Every pot was received 3.0g super-mono-phosphate (15.5% P2O5) and 1.0g potassium sulphate (48-
52% K2O) mixed with the soil before sowing. Nitrogen fertilizer was added in two equal doses (one during
sowing and the other after thinning) in the rate of 0.6g N for pot as ammonium sulphate (20.6% N).

Sampling: the plants were collected randomly at 75 DAS and divided as follows:

Group A: used for measuring growth parameters: including shoot length (cm), number of branches per plant
and dry weights of shoots (g).

Group B: The plant shoot system and new leaves were immediately weighed, frozen with liquid nitrogen and
stored in deep freezer at -20°C until used for extraction and estimation of enzymatic antioxidants (superoxide
dismutase, peroxidase and catalase).

Group C: fresh new leaves were used for estimation of photosynthetic pigments and proline content.

Biochemical analysis

Photosynthetic pigments: An accurate weight (0.5g) of fresh young leaves of mung bean, Vigna radiata
seedlings were homogenized in 85% acetone and used for estimation of photosynthetic pigments (chl."a",
chl."b" and total carotenoids) using spectrophotometric method developed by Gilley and Fletcher 20.

Proline content: Proline (Pro) content was determined according to the method of Bates et al. 21, with some
modifications. Fresh new leaves of mung bean plants (0.2g) were homogenized in a mortar and pestle with 3
mL sulfosalicylic acid (3% W/V), and the homogenate was then centrifuged at 18,000 rpm for 15 min. The
supernatants were placed into test tubes, and 2 mL glacial acetic acid and 2 mL of an acid-ninhydrin solution
(1.25g of ninhydrin dissolved in 30mL glacial acetic acid and 20 mL 6M orthophosphoric acid) were added to
the tubes. The tubes were incubated, and they were then allowed to become cool at room temperature. Toluene
(4 mL) was then added, and the samples were mixed on a vortex mixer for 20 s. The test tubes were permitted
to stand for at least 10 min to allow the separation of the toluene and aqueous phases. The toluene phase was
carefully removed by a pipette and placed into a glass test tube, and the absorbance of the toluene phase was
measured at 520 nm by a spectrophotometer.

Assays of some antioxidant enzymes

Superoxide dismutase (SOD)

The activity of SOD enzyme was assayed according to the method of Giannopolitis and Ries 22. The
reaction mixture contained 100 μL of 1 μM riboflavin, 100 μL of 12 mM l-methionine, 100 μL of 0.1 mM
EDTA (pH 7.8), 100 μL of 50 mM Na2CO3 (pH 10.2), 100 μL of 75 μM nitroblue tetrazolium (NBT), 2300 μL
of 25 mM sodium phosphate buffer (pH 6.8) and 200 μL of crude enzyme extract with a final volume of 3 mL.
SOD activity was assayed by measuring the ability of the enzyme extract to inhibit the photoreduction of NBT.
Glass  test  tubes  containing  the  mixture  were  illuminated  with  a  fluorescent  lamp  (120  W),  and  identical  tubes
that were not illuminated served as blanks. After illumination for 15 min, the absorbance was measured at 560
nm. One unit of SOD was defined as the amount of enzyme activity that was able to inhibit the photoreduction
of NBT to blue formazan by 50%. The SOD activity of  the extract  was expressed as  SOD units  min−1 mg−1
protein.

Peroxidase (POX)

The activity of POX enzyme was assayed by the oxidation of guaiacol in the presence of H2O2. The
increase in absorbance was recorded at 470 nm 23. The reaction mixture contained 100 μL of crude enzyme, 500
μL of  5 mM H2O2, 500 μL of 28 mM guaiacol and 1900 μL of 60 mM potassium phosphate buffer (pH 6.1).
POX activity of the extract was expressed as POX units min−1 mg−1 protein.

Catalase (CAT)

Catalase enzyme activity was assayed by the method of Cakmak and Horst 24. Frozen leaf tissues (0.5
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g) were homogenized in a mortar and pestle with 3 mL of ice-cold extraction buffer (25 mM sodium phosphate;
pH 7.8). The homogenate was centrifuged at 18,000 rpm for 30 min at 4°C, and the supernatant was then used
for the enzyme assay. The reaction mixture contained 100 μL of crude enzyme extract, 500 μL of 10 mM H2O2
and 1400 μL of 25 mM sodium phosphate buffer. The decrease in the absorbance at 240 nm was recorded for 1
min by a spectrophotometer. The CAT activity of the extract was expressed as CAT units min−1 mg−1 protein.

Statistical analysis

         The experiment was carried out with factorial randomized complete block (RCB) design with three
replicates 25. All data were subjected to analysis, and the significance of the differences among treatment means
was tested using a least significant differences (LSD) test at a 5% probability level.

Results and Discussion

Vegetative growth parameter:

Table (1): Effect of different concentrations of hexaconazole (HEX) on shoot length, number of branches
and dry weight of mung bean plants (at 75 DAS) grown under different levels of salinity

As shown in Table (1) irrigating mung bean plants with three levels of saline solutions; tap water, 2000,
4000 or 6000 mg /L-1 mostly lead to significant reduction in all the studied growth criteria e.g. shoot length (in
cm), number of branches/plant and dry weights of the shoots (g) of the produced plants all over the
experimental period as compared with that obtained from the plants irrigated with tap water. The decrements
were directly proportion with the salinity levels used. These results are in agreement with those obtained
recently3,26, found that treating bean seedlings (Phaseolus vulgaris L.) with different concentrations of saline
solutions led to reduction in vegetative growth parameters.

Soaking seeds of mung bean plants in solutions of hexaconazole (HEX) at different concentration (25
or 50 mg/L-1) caused significant reduction in all the studied vegetative growth parameters such as shoot length
(in cm), number of branches/plant and dry weights of the shoots (g), fresh and dry weights of the shoots of the
produced seedlings as compared with their corresponding control produced from soaking their seeds in distilled
water.

Dry weight
as (g)/plant

Number of
branches

/ plant

Shoot
length
(cm)

Hexaconazole
(mg/L-1)

             Treatments

Salinity

4.47
4.05
3.90

7.00
8.33
7.87

34.00
31.67
30.01

0
25
50

Tap water

5.24
4.98
4.71

6.33
8.00
7.67

39.80
37.90
35.67

0
25
50

2000  mg/L-1

4.13
3.67
3.43

6.00
7.77
7.00

31.50
28.00
25.09

0
25
50

4000  mg/L-1

2.63
2.97
2.45

5.67
7.33
6.17

21.00
23.67
19.00

0
25
50

6000  mg /L-1

0.07
0.09
0.16

0.14
0.11
N S.

1.38
1.19
1.12

LSD at 5% for:
Salinity
HEX
Interaction
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Concerning, the interaction of salinity and growth retardant (hexaconazole) the data reveal that treating
the seeds with solutions of hexaconazole at three used concentrations namely: distilled water, 25 or 50 mg/L-1

and irrigating the produced seedlings with different levels of salinity (tap water, 2000, 4000 or 6000 mg/L-1)
induced significantly reduction in all the above vegetative growth parameters all over the experiment period in
comparison with that obtained from the  control (untreated seeds) as well as their respective salinity controls.

The results presented in this work are in agreement with those obtained by many investigators using
different growth retardants (antigibberellins) compounds at different concentrations27,28,29,30.

The reduction in most vegetative growth parameters of plants treated with growth retardant and grown
under stress condition could be due to reduction in the cell size which might be attributed to changes in osmotic
cell enlargement dependent on solute accumulation i.e., due to drastic changes in ion relationship2,16,31.

Photosynthetic pigments

It is well known that physiological processes in plants pass through many metabolic pathways and lead
to metabolic products. Stress in general and salinity in particular resulted in the occurrence of physiological
disorders in crop plans.

Table (2): Effect of different concentrations of hexaconazole (HEX) on photosynthetic pigments and free
proline content of mung bean plant leaves (at 75 DAS) grown under different levels of salinity

It is clear from Table (2) that irrigating mung bean plants with saline solutions at different levels; tap
water, 2000, 4000 or 6000 mg/L-1 decreased significantly the amounts of photosynthetic pigments (chl."a", chl.
"b" and carotenoids) of mung bean leaves. The highest value of decrements (38.86 %) was obtained from the
application of 6000 mg/ L-1 relative to the control plants.

These results are in agreement with those obtained by Starck and Karwowska32, concluded that
inhibition of photosynthetic pigments of bean leaves irrigated with NaCl may be attributed to the inhibition of
assimilates translocation. Patil et al.,33 who postulated that salinity stress affected the photosynthetic rate of
carbon assimilation. Reddy and Vora34, attributed the reduction in photosynthetic pigments of wheat leaves
grown under salt stress to increase in the activity of chlorophyllase enzyme. Recently, both3,26 reported that

Free
Proline

µ mole/g
fresh

weight

Total
carotenoids
mg/g fresh
weight

Chlorophyll
"b"

mg/g fresh
weight

Chlorophyll
"a"

mg/g fresh
weight

Hexaconazole
(mg/L-1) Treatments

Salinity

Tap water
0
25
50

3.50
4.02
4.26

1.37
1.50
1.87

0.85
1.03
1.31

10.01
12.10
13.68

2000
mg/L-1

0
25
50

3.03
3.25
3.81

1.30
1.36
1.76

0.75
0.83
0.92

11.37
12.09
13.91

4000
mg/L-1

0
25
50

2.75
2.80
3.00

1.23
1.33
1.65

0.63
0.69
0.77

11.55
12.35
14.55

6000 mg
/L-1

0
25
50

2.14
2.45
2.87

1.14
1.26
1.41

0.51
0.57
0.63

12.01
12.36
14.89

LSD at 1
% for:
Salinity
HEX
Interaction

0.22
0.18
0.52

0.13
0.18
0.25

0.12
0.14
0.21

1.56
1.35
2.07
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treating bean seedlings (Phaseolus vulgaris L.) and (Vigna rediata L) respectively with different concentrations
of saline solutions led to reduction in the photosynthetic pigments.

Spraying mung bean plants with any used concentration of hexaconazole (25 or 50 mg/L-1) increased
significantly the amount of photosynthetic pigments (chl."a", chl. "b" and carotenoids) content of mung bean
leaves as compared with those obtained from the untreated plants. The value of increment was estimated by
21.71, 36.50 and 54.12%, respectively over their respective control (untreated plants).

These results are in agreement with those obtained by35 who reported that using growth retardant
uniconazole resulted in several modifications of bean plants such as increase in chlorophyll levels and enlarged
chloroplasts2. Regarding the combined effect of salinity and hexaconazole, it is clear from the results of the
present investigation that treating the plants with hexaconazole solution at 50 mg/L-1 and irrigated with saline
solutions resulted in significant increases in chl."a", chl."b" and carotenoids as compared with that obtained
from their corresponding salinity control. These results are in agreement with those obtained by35,36.

In this connection, it may be mentioned that carotenoids provide photosynthetic systems with a method
of photo-protection. Active oxygen 1/2 O2 has been detected in chloroplast of water stressed wheat, i.e. Singlet
oxygen is an extremely powerful oxidant, which is very harmful to plant cell. Carotenoids prevent the formation
of singlet oxygen (1/2 O2) by quenching the triplet states of the chlorophyll molecules as they arise16,37.

Proline content

The data recorded in Table (2) show that irrigating mung bean plants with saline solutions resulted in
significant increases in the proline content of recently leaves. Proline is believed to protect plant tissue against
stress by acting as a nitrogen-storage compound, osmoregulate-solute and hydrophobic protectant for enzymes
and cellular structures38. Recently, many scientists1,2,3,26 indicated that treating Phaseolus vulgaris seedlings
with different concentrations of saline solutions led to increase in the proline content.

          Treating the plants with different concentrations of hexaconazole (25 or 50 mg/L-1) led to significant
increases in the proline content of newly leaves of mung bean plants. These increments were concentration
dependent i.e., the highest value of proline was obtained from the plants response to highest dose of
hexaconazole (50 mg / L-1).

The combined treatments mostly increased significantly the proline content in mung bean leaves as
compared with the corresponding control, thus spraying the plants with hexaconazole at the two used
concentrations may add more protection of the plant tissues against harmful effects of salinity stress. In this
concern, the author16 proposed a specific role for proline in osmoregulation and suggested that proline
accumulation in the cytoplasm allows maintenance of a balance across he tonoplast. In addtion, the authors2,35

observed that application of growth retardants led to secretion of proline-rich protein by salt adopted bean cells
may be specific for the adaptation of the cell wall to salt stress and may cause changes in the cell wall that allow
cells to tolerate salt stress.

Activity of some oxidative enzymes

Activity of Super oxide dismutase enzyme (SOD)

Table (3) show that irrigating mung bean plants with different concentrations of saline solutions (tap
water, 2000, 4000 or 6000 mg/L-1) increased significantly enzyme activity of SOD by 6.26, 11.81 and 26.04%,
respectively relative to the control (plants irrigated with tap water).

Spraying mung bean plants with any used concentration of hexaconazole (25 or 50 mg/L-1) increased
significantly the amount of enzyme activity of SOD in comparison with that obtained from the control plants.
The highest value of increment (22.19%) was obtained from the application of HEX at 50 mg/L-1 relative to the
control.

Concerning the interaction of salinity and hexaconazole it is clear from the data that all the combined
treatments induced significantly increases in the activity of SOD enzyme as compared with those obtained from
their corresponding control. The greatest increase (13.67%) was detected in plants received the highest dosage
of hexaconazole (50 mg/L-1) and irrigated with salinity at 6000 mg/ L-1 relative to their respective control.
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The obtained results are in agreement with that recorded by1,2.

Activity of peroxidase enzyme (POX)

It is clear from the data recorded in Table (2) that salinity treatments had stimulatory effect on the
activity of peroxidase enzyme (POX) in comparison with that obtained from their corresponding control. The
maximum value of activity (47.38 %) was observed in the plants subjected to irrigation with saline solution at
6000 mg/ L-1 relative to their respective control (plants irrigated with tap water).

Application of hexaconazole at any used concentration (25 or 50 mg/L-1) increased significantly the
amount of enzyme activity peroxidase (POX) as compared with control plants. The value of increment was
estimated by 19.15 and 41.49%, respectively over their respective control (untreated plants).

It is obvious from the data that all the combined treatments of salinity and hexaconazole induced
significantly increases in the activity of POX enzyme as compared with those obtained from their
corresponding control. The greatest increase (30.48%) was detected in plants received the highest dosage of
HEX (50 mg/L-1) and irrigated with salinity at 6000 mg/ L-1 relative to their respective salinity control.

The obtained results are in agreement with those obtained by39 who reported that water stress could
increase the accumulation of peroxidase substances such as glutathione, ascorbate and phenolic compounds
which in turn act as scavengers of cell harmful reactive oxygen species (1/2 O2). In addition, many
authors1,2,28,40 all indicated that soaking pea and faba bean seeds in different concentrations of growth retardant
(uniconazole) and irrigating the seeds with different levels of salinity led to significant increases in the activity
of peroxidase enzyme.

Activity of catalase enzyme (CAT)

Table (3): Effect of different concentrations of hexaconazole (HEX) on the activity of some antioxidant
enzymes of mung bean leaves (extracted at 75 DAS) grown under different levels of salinity

[

Table (3) show that irrigating mung bean plants with different concentrations of saline solutions (tap
water, 2000, 4000 or 6000 mg/L-1) decreased significantly enzyme activity of catalase compared to their
corresponding control. The value of decrement was estimated by 4.81, 18.91 and 37.15%, respectively relative
to that obtained from the plants irrigated with tap water.

                 Treatments

Salinity levels
Hexaconazole

(mg/L-1)
Super oxide
Dismutase

(SOD)

Peroxidase
(POX)

Catalase
(Cat.)

Tap water
0
25
50

40.55
44.09
49.55

12.22
14.56
17.29

85.08
80.09
77.44

2000  mg/L-1
0
25
50

38.01
40.77
42.45

14.45
16.17
19.00

80.99
77.87
71.99

4000  mg/L-1
0
25
50

35.76
37.09
39.89

16.55
18.19
21.06

68.99
64.66
60.11

6000  mg /L-1
0
25
50

29.99
32.55
34.09

18.01
21.07
23.50

53.47
48.99
42.01

LSD at 1 % for:
Salinity
HEX
Interaction

2.02
2.65
4.11

1.35
1.67
3.06

3.06
3.56
5.77
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           Spraying the plants with any used concentration of hexaconazole (25 or 50 mg/L-1) induced significantly
decrease in the enzyme activity of catalase as compared with the control plants. The value of decrement was
estimated by 5.87 and 8.98%, respectively over their respective control (untreated plants).

The interaction of salinity and hexaconazole showed that application of HEX at any used concentration
under three levels of salinity up to 6000 mg/L-1 decreased the enzyme activity of catalase as compared with
corresponding control. The highest value of decrements (21.43%) was obtained from the application of HEX at
50 mg/L-1 and irrigated with salinity at 6000 mg/ L-1 relative to their corresponding salinity control.

The results obtained in this investigation are in agreement with those recorded   by28,16 all reported that
soaking bean seeds in different concentrations of uniconazole (10, 20 or 30ppm) and irrigated with different
levels of salinity up to 400ppm led to reduction in the catalase activity. The reduction in catalase activity
resulted in accumulation of toxic amounts of hydrogen peroxide (H2O2) which might restrict the growth of
seedlings, Elevated (H2O2) concentrations could release peroxidase from cell membrane      structure41,42.

Yield and its components

Table (4): of different concentrations of hexaconazole (HEX) on yield and its components of mung bean
plants grown under different levels of salinity

Table (4) show that irrigated mung bean plants with saline solutions up to 6000 mg/L-1 decreased
significantly plant height (cm) at harvest stage and yield and it's  component (number of pods, weight of pods,
number of seeds, weight of seeds and straw weight all /plant) as compared with that obtained from the control
plants (plants irrigated with tap water). These results are in agreement with those recorded by1,2.

           Spraying the plants with any used concentration of hexaconazole (25 or 50 mg/L-1) caused significant
increases in all the above mentioned characters of yield and it's component as compared with that obtained from
the control plants (plants sprayed with distilled water). On the other hand, application of hexaconazole at two
concentrations decreased significantly plant height of mung bean plants at harvest stage as compared with
control plants.

Concerning the interaction between salinity and hexaconazole, it is clear from the recorded data that all
the combined treatments increased significantly the amounts of the above mentioned characters of yield and it's
components as compared with their corresponding  salinity controls. The effect was more pronounced with the

Yield (g/plant)

straw seeds

Seeds
number/

pod

Pods wt.
(g/plant)

Pods
number/

plant

Plant
height at
harvest

(cm)

Hexaconazole
(mg/L-1)

    Treatments

Salinity

1.58
8.08
7.83

1.55
2.19
1.80

3.90
4.50
4.40

2.10
2.82
2.67

6.11
7.14
6.80

58.67
53.00
50.00

0
25
50

Tap water

7.40
7.33
7.06

1.69
2.86
2.33

3.80
5.42
4.90

2.29
3.08
2.85

5.67
7.85
7.17

52.67
50.00
46.04

0
25
50

2000 mg/L-1

6.67
6.31
6.00

1.09
1.80
1.33

3.39
4.67
3.85

2.05
2.65
2.26

4.12
5.67
5.09

43.00
40.33
37.00

0
25
50

4000 mg/L-1

6.00
5.67
5.00

0.95
1.25
1.10

2.13
3.67
2.33

1.63
2.12
2.00

2.80
4.10
3.32

35.33
32.67
29.82

0
25
50

6000 mg /L-1

0.13
0.08
0.24

0.08
0.06
0.20

0.22
0.20
0.52

0.06
.0.05
0.11

0.21
0.19
0.50

1.53
1.00
2.16

LSD at 5% for:
Salinity
HEX
Interaction
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concentrations used of hexaconazole and salinity. Our results are in agreement with those reported by16.

Conclusion and recommendation

The results recorded in this investigation suggested that application of hexaconazole at 25 mg/L led to
improvement in growth, yield and it's component of mung bean plants grown under salinity stress up to 6000
mM. These effects might be attributed to the important role of HEX in the enhancement of plant antioxidant
enzymes and resistance to salinity stress.
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