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ABSTRACT

Two field experiments were carried out at the Agricultural Experimental
Station of National Research Centre at Shalakan, Kalubia Governorate during 2001
and 2002 seasons to study the single and combined effects of soil moisture stress
(Skipping one irrigation either at vegetative growth, flowering or pod formation stage
i.,e. 30, 45 and 60 days from sowing, respectively) and foliar application of
micronutrients compound amino (0, 0.5, 1 and 1.5 L/fed.) on growth, yield and its
related characters as well as the seed chemical composition of mung bean (cv.
Kawmy-1). The results revealed that skipping one irrigation at any of the three studied
stages significantly reduced growth criteria, seed yield and its components as
compared with the control plants. However, the negative response of mung bean
plants to skipping one irrigation was more pronounced at pod formation stage than
other two stages. Moreover, the exposure to water stress significantly increased the
protein content in mung bean seeds, whereas an inverse relationship was noticed as
for the percentage of total carbohydrate in the produced seeds, carbohydrate and
protein yields per feddan.

The data indicated further that spraying mung bean plants with amino up to 1
L/fed. resulted in significant increases in growth parameters studied, seed yield and its
related characters as compared to the untreated ones. Similar tendency could be
noticed regarding the percentages of total carbohydrate and crude protein in the
produced seeds, and consequently increased each of carbohydrate and protein yield
per feddan. The results suggested that irrigation every 15 days and application of
amino with 1 L/fed. could be recommended for maximum yield of mung bean plants
under similar conditions.
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INTRODUCTION

Mung bean green gram (Vigna radiata L. Wilczek) is an early mature
high yielding pulse crop. It is annual legumenious crop, relatively drought
tolerant and can be eaten. Mung bean seeds surpass lentil and faba bean in
Ca, Fe and vitamin A contents and contain nearly the same percentage of
protein (about 23 to 24%).

Introducing of high yielding food crops of short growing season in the
crop pattern is considered to be an effective mean for narrowing the food gab
in Egypt. Because of limited water resources particularly in the newly
reclaimed land in the northern part of Egypt, mung bean crop have to grow on
a diminishing supply of soil water and are often subjected to water stress
during the post-flowering period causing significant yield reduction. Despite
having a reputation for drought avoidance (Haggani and Pandey, 1994),
mung bean yield has been shown to be responsive to irrigation (DeCosta and



Kassab, O.M.

Shanmugathasan, 1999b), as they indicated that the treatments which
received irrigation during two or more stages had significantly higher yields
than those received irrigation during only one stage.

Kandil (2000) results have shown that water stress, at any studied
reproductive stage revealed harmful effects on growth criteria, seed yield and
its components.

On the other hand, regerding to micronutrient treatments Singh and
Badhoria (1984) reported significant positive effect of Zinc treatment on dry
matter, seed and straw yield of mung bean as well as on the percentage of
protein in the seeds. Krishna (1995) stated that Zn up to 15 kg/ha significantly
increased seed yield and protein % in mung bean seeds. Abd El-Lateef et al
(1998) indicated that foliar spray with Zn, Mn and their combination increased
the seed yield and protein content of mung bean seeds. Abdo (2001) and
Rizk & Abdo (2001) indicated that foliar application with Zn, Mn, B and their
combination increased significantly growth parameters, yield and its
components.

The aim of this research is to study the effect of water stress and
micronutrients foliar application on growth, yield and its related characters as
well as the chemical composition of mung bean seeds.

MATERIAL AND METHODS

Two field experiments were carried out during the two successive
seasons of 2001 and 2002 at the experimental farm of the National Research
Center in Shalakan Kalubia Governorate, Egypt. The soil texture of the
experimental site was clay loam in both seasons. The investigation included
sixteen treatments which were the combination of four irrigation treatments
and four concentrations of micronutrients compound amino i.e., Fe (2%), Mn
(2%), Zn (2%), Mg (2%), produced by El-Nasr company for fertilizers and
pesticides at concentrations of 0, 0.5, 1 and 1.5 L/fed.. A split plot design with
three replications was employed. The main plots were devoted to water
stress treatments while the sub-plots were assigned for amino foliar spray
treatments. The soil was ploughed twice ranged and divided into plots. Each
plot (10.5 m?) consisted of 5 rows of 3.5 m in length and 0.6 m apart. To
avoid the effect of lateral movement of irrigation water, the plots were isolated
by borders of 1.5 m in width from all sides. Irrigation treatments were
imposed to allow the plants either unstressed (control treatment), or stressed
by skipping one irrigation at vegetative growth, flowering and pod formation
stages i.e. 30, 45 and 60 days from sowing, respectively.

Foliar spraying with either tap water as control or 0.5, 1 and 1.5 L/fed.
from amino was applied twice at 45 and 60 days after sowing.

On July 12t and 10" in 2001 and 2002 seasons , mung bean seeds
(Vigna radiata L. Wilczek) cv. Kawmy-1 were sown in hills 15 cm a part at the
two sides of the row. Seeds peviously inculated with the spesific strain of
Rhizobium leguminosarum L., . Thinning to two plants per hill was done
before the first irrigation (15 days after sowing). The normal agricultural
practices for growing mung bean were followed as recommended in the
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region. Calcium superphosphate (15.5% P20s) and Potassium sulphate (48%
K20) at the rate of 150 and 50 kg/fed., respectively were applied before
sowing. Stimulative dose of nitrogen (urea 46% N) at the rate of 15 kg N/fed.
was added just after thinning and before the first irrigation.

Representative plant sample was collected from three replicates for
each treatment after 75 days from sowing where plant height, number of
branches, leaves and pods as well as the leaves, stem, pods, root and total
dry weight per plant were determined. At harvest time, nine guarded plants
were chosen at random from each plot for determing the yield attributes like
number of pods per plant, weight of pods and seeds/plant, 1000-seed weight.

Seed, straw and biological yields/fed. were estimated using the
guarded plants of two central rows from each experimental plot. Moreover,
total nitrogen was determined in dry seeds using Kjeldah's apparatus
according to A.O.A.C. (1990) method. Crude protein percentage was
calculated by multiplying the nitrogen percentage by the factor 6.25. Total
carbohydrate content in mung bean seeds was determined using the method
adopted by Dubois et al (1956), then crude protein and carbohydrate yields
per feddan were calculated.

The obtained data were subjected to the statistical analysis of
variance described by Snedecor and Cochran (1980) and the combined
analysis of results of the two seasons were applied according to the method
adopted by Steel and Torrie (1960).

RESULTS AND DISCUSSION

1. Effect on growth parameters

Table (1) clearly indicates that decreasing soil moisture content by
skipping one irrigation at any of the studied reproductive stages (i.e.
vegetative growth, flowering and pod formation) led to significant reduction in
plant height, number of branches, leaves and podes per plant, weight of
leaves, stem, pods and root per plant as well as total dry weight per plant
than those of adequate water supply (control plants). Similar results were
obtained by Phogat et al (1984); Miah et al (1996); DeCosta &
Shanmugathasan (1999a); Kandil (2000) and Kassab (2000). In this regard,
Phogat et al (1984) reported that the decrease in growth of mung bean plants
by water stress (low amounts of water) may be attributed to the decrease in
net photosynthesis (Pn), dark respiration (Rd) and absorption coefficient of
photosynthetic activity rate (PAR) which decrease the translocation of
metabolic products from source (leaf) to sink organs (seed). The present
results reveal that mung bean plants appeared to be more sensitive to soil
moisture stress during pod formation stage, where the total dry matter
production per plant was more significantly reduced than control . In addition,
the results of DeCosta & Shanmugathasan

(1999a) indicated that mung bean plants which did not receive
irrigation during the pod formation stage had a lower total dry weight than the
other treatments studied.
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The data revealed further that plant height, number of branches, leaves and
pods per plant, weight of leaves, stem, pods and root per plant as well as
total dry weight per plant tended to increase significantly by increasing the
concentration of amino up to 1 L/fed. as compared to the untreated plants.
Similar results were obtained by Singh & Badhoria (1984); Singh & Singh
(1995); Abd El-Lateef et al (1998); Sarkar et al (1998) and Abdo (2001).

The interaction effect between water stress and amino fertilization
treatments was not significant except number of pods per plant, weight of
stem and pods per plant and total dry weight per plant. Spraying 1 L/fed. of
amino under normal irrigation gave the highest number of pods per plant,
weight of stem and pods per plant and total dry weight per plant as compared
with the other treatments (Table 1).

2. Effect on yield and its related characters

Data presented in Table (2) show that exposing mung bean plants to
water stress at each of vegetative growth, flowering or pod formation stages
resulted in significant reductions in number of pods per plant, weight of pods
and seeds per plant, 100-seed weight as well as seed, straw and biological
yields per feddan as compared with control treatment (irrigation every 15
days). However, the response of mung bean plants to water stress was more
pronounced at pod formation stage than the two other stages. These results
are in agreement with those obtained by Prasad & Yadav (1990); Sarkar
(1992) and Kandil (2000). In this connection, DeCosta and Shanmugathasan
(1999b) illustrated that the number of pods per plant was the yield component
that had the strongest control on the variation of mung bean yields under
different water regimes. Therefore, the most certain way of achieving high
mung bean yields under any water regime would be to focus breeding and
crop management efforts towards achieving a high number of pods per plant.

The obtained results reveal also that foliar application of
micronutrients significantly affected the yield and its related characters.
Increasing the concentration of aminoup to 1 L/fed. caused a significant
increase in the

Aforementioned parameters. Similar results were obtained by Singh
& Singh (1995); Abd El-Lateef et al (1998); Sarkar et al (1998) and Rizk and
Abdo (2001).

The interaction effect between water deficit and amino fertilization
treatments, was not significant except weight of seed per plant. Spraying 1
L/fed. of amino under normal irrigation gave the highest weight of seeds per
plant as compared with the other treatments (Table 2).
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3. Effect on seed chemical composition

Data presented in Table (3) clearly show that subjecting mung bean
plants to water stress at any investigated stage significantly reduced total
carbohydrate content in the produced seeds as compared to the control. The
same trend was noticed regarding carbohydrate and protein yields per
feddan.

Table (3): Effect of water stress, micronutrients foliar application and
their interaction on seed chemical composition of mung
bean. (combined analysis of 2001 and 2002 seasons).

Water stress Micronutrients Total Carbohydrate Crude Protein
treatments treatments carbohydrate yield/fed. protein yield/fed.
(Lifed.) (%) (kg) (%) (kg)
0 57.16 439.54 18.69 143.72
0.5 57.92 450.47 19.74 153.45
Unstressed 1.0 58.82 521.51 20.70 183.54
(control)
15 58.31 435.37 20.21 151.42
Mean 58.01 461.72 19.84 158.03
0 55.82 393.12 21.10 148.58
Stressed  a 0.5 56.22 405.56 21.33 153.87
vegetative 1.0 57.18 447.90 22.68 177.67
growth stage 15 56.75 398.35 21.71 152.37
Mean 56.49 411.23 21.70 158.12
0 54.32 327.55 22.65 136.59
Stressed a5 55.13 330.67 23.12 141.37
flowering
stage 1.0 56.19 397.84 24.12 170.75
15 55.65 345.37 23.36 144.96
Mean 55.32 350.38 23.31 148.42
0 53.11 248.02 23.11 107.92
Stressed  af 0.5 53.37 275.20 23.48 121.04
g&%éormat'on 1.0 54.24 318.57 24.64 144.70
15 53.61 259.65 24.27 117.50
Mean 53.58 275.36 23.87 122.79
Mean values 0 55.10 352.06 21.39 134.20
for _ 0.5 55.66 365.50 21.92 142.43
micronutrient
s treatments 1.0 56.61 421.45 23.04 169.16
15 56.03 359.68 22.39 141.56
S 0.10 13.09 0.26 3.91
L.S.D %
Ie\?el fof}t 5% M 0.12 11.37 0.14 4.39
) SxM 0.24 NS 0.28 NS
S = water stress treatments M = micronutrients treatments

Sx M =interaction
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Reversely, crude protein percentage significantly increased by the
exposure to such unfavourable conditions. These observations could
correspond with certain results reported by Hamed (1998) and Kassab
(2000). The reduction in carbohydrates accumulated due to water shortage
may be attributed to a decrease in photosynthetic efficiency and/or an
increase in respiration rates and hence, leading to an inhibition in
translocation of assimilates into seeds.

The obtained data reveal that spraying mung bean plants with
micronutrients resulted in a significant increase in the percentages of total
carbohydrate and crude protein in the produced seeds and consequently
increased each of carbohydrate and protein yields per feddan as compared
with the untreated ones. Such increment was in line with the increase in the
micronutrient concentration up to 1 L/fed. The obtained results are in great
agreement with those obtained by Singh & Badhoria (1984); Krishna (1995);
Abd El-Lateef et al (1998) and Rizk & Abdo (2001).

The interaction between water stress and micronutrients treatments
was significant except for carbohydrate and protein yields per feddan.
Spraying 1 L/fed. of amino under normal irrigation gave the highest total
carbohydrate (58.82%) as compared with the other treatments (Table 3).

It could be concluded that irrigation every 15 days and application of
amino with 1 L/fed. gave the highest productivity of mung bean plants.
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Table (1): Effect of water stress, micronutrients foliar application and their interaction on growth parameters of mung bean

plants after 75 days from sowing .(combined analysis of 2001 and 2002 seasons).

IWt. of]
. . No.of No. of Wt. of Wt. of t. of root/Total dr
Water stress treatments Micronutrient Pl_ant branches/ | Leaves/ No. of pods/ leaves/plant stem/plant pods/ plant t. Plant {
treatments (L/fed.)| height plant plant
plant plant
(cm) @
0 97.00 4.11 16.00 20.44 14.00 16.33 12.44 3.44 46.22
Unstressed 0.5 98.22 4.44 16.44 23.11 14.11 18.44 14.78 3.78 51.11
(control) 1.0 101.00 4.89 17.89 25.44 15.44 19.55 17.44 4.22 56.66
1.5 96.22 4.22 15.55 20.44 13.11 16.44 12.78 3.33 54.66
mean 98.11 4.41 16.47 22.36 14.17 17.69 14.36 3.69 49.91
0 82.00 2.55 12.89 16.44 12.33 14.44 10.00 211 38.89
d . h 0.5 84.11 2.89 13.55 16.67 12.44 14.44 10.78 2.44 40.11
Sts;ggzsse at vegetative - growth 1.0 88.00 | _ 3.8 14.78 21.00 13.78 16.44 14.33 311 47.66
1.5 82.11 2.55 12.89 16.78 11.67 14.55 10.67 2.55 39.44
mean 84.06 2.97 13.53 17.72 12.56 14.97 11.44 2.55 41.52
0 74.67 2.22 10.33 14.44 9.44 10.55 8.22 211 30.33
datfl . 0.5 76.00 2.11 12.00 16.44 10.67 12.11 9.78 2.55 35.11
Stressed at flowering stage 1.0 81.00 | 3.00 12.67 18.78 12.11 14.44 11.89 2.78 41.22
15 77.44 2.00 10.44 15.00 9.78 11.33 8.78 2.78 32.66
mean 77.28 2.33 11.36 16.17 10.50 12.11 9.66 2.55 34.83
0 71.67 2.89 9.44 10.44 8.11 9.11 6.44 2.11 25.77
Stressed at pod formation stage 0.5 75.00 2.55 10.44 13.78 9.33 10.11 8.44 2.33 30.22
1.0 78.00 3.11 12.11 15.33 10.78 12.78 10.11 2.55 36.22
1.5 74.11 2.55 9.22 12.44 8.78 10.33 7.11 2.11 28.33
mean 74.69 2.78 10.30 13.00 9.25 10.58 8.03 2.28 30.13
0 81.33 2.94 12.17 15.44 10.97 12.61 9.28 2.44 35.30
Mean values for micronutrient 0.5 83.33 3.00 13.11 17.50 11.64 13.78 10.94 2.78 39.13
treatments 1.0 87.00 3.72 14.36 20.14 13.03 15.80 13.44 3.16 45.44
1.5 82.47 2.83 12.03 16.17 10.83 13.17 9.83 2.69 36.52
S 1.42 0.17 0.65 0.97 0.77 0.26 0.64 0.35 1.51
L.S.D at 5% level for: M 0.94 0.39 0.34 0.49 0.38 0.39 0.42 0.30 0.84
SxM N.S N.S N.S 0.98 N.S 0.78 0.85 N.S 1.68

S = water stress treatments

M = Micronutrients treatments

S x M =interaction
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Table (2): Effect of water stress, micronutrients foliar application and their interaction on yield and its related characters of mung
bean .(combined analysis of 2001 and 2002 seasons).

. . Wt.of Wt .of Seed index (1000-| Seed . Biological
Water stress Micronutrients No.of : : Straw yield/fed. :
treatments treatments (L/fed.)| pods/plant pods/plant seeds/(pgl)ant seed weight) yield/fed. y(kg) yield/fed.
0 30.00 20.00 11.44 61.11 769.00 2489.00 3258.00
Unstressed 0.5 32.67 22.44 11.89 64.11 777.67 2648.00 3425.67
(control) 1.0 35.67 24.89 14.44 68.00 886.67 2757.67 3644.33
1.5 29.44 20.44 11.55 62.00 749.00 2753.33 3502.33
mean 31.94 21.94 12.33 63.81 795.58 2662.00 3457.58
0 25.44 15.89 10.55 56.44 704.33 2258.00 2962.33
- 0.5 28.11 18.44 11.11 59.67 721.33 2360.00 3081.33
Sﬁgﬁiegtagg vegetative 1.0 3L.78 20.44 12.89 63.67 783.33 2541.00 3324.33
15 25.00 15.67 10.44 57.00 702.00 2414.33 3116.33
mean 27.58 17.61 11.25 59.19 727.75 2393.33 3121.08
0 22.44 12.22 8.44 51.44 603.00 2027.00 2603.00
Stressed at flowering 0.5 25.00 15.22 10.11 55.11 611.33 2184.33 2795.67
stage 1.0 29.00 19.00 11.22 50.11 708.00 2388.00 3096.00
15 23.33 14.00 9.11 52.22 620.67 2148.67 2769.33
mean 24.94 15.11 9.72 54.47 635.75 2187.00 2822.75
0 20.44 11.00 7.11 49.89 467.00 1752.67 2219.67
Stressed at pod 0.5 23.11 12.44 8.89 51.67 515.67 1980.00 2495.67
formation stage 1.0 24.33 14.55 10.11 54.11 587.33 2071.00 2658.33
15 21.22 11.78 8.11 50.33 484.33 1915.33 2399.67
mean 22.28 12.44 8.55 51.50 513.58 1929.75 2443.33
Mean values 0 24.58 14.78 9.39 54.72 635.83 2131.67 2767.50
for micronutrients| 0.5 27.22 17.14 10.50 57.64 656.50 2293.08 2949.58
treatments 1.0 30.19 19.72 12.16 61.22 741.33 2439.42 3180.75
15 24.75 15.47 9.80 55.39 639.00 2307.92 2946.92.
S 0.83 0.56 0.38 0.62 22.61 69.15 68.73
L.S.D at 5% level for: M 0.84 0.73 0.32 0.72 20.87 52.17 61.73
S XM NS NS 0.65 NS NS NS N.S
S = water stress treatments M = <icronutrients treatments Sx M =interaction
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