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Misr Journal of ABSTRACT

@b | An experimental field trial was conducted at on a farm in Al-
| Khatatba area, Menoufia Governorate, Egypt (latitude of 30° 52/
66" and a Longitude of 30° 38’ 11”), during the growing season
of 2019 and 2020. This study aimed to assess the optimum
irrigation system and plants distribution on growth, yield and
water use efficiency (WUE) of some snap bean cultivars under
sandy soil condition. The field trial was arranged in a split- split
-plot design with two irrigation systems (drip and micro-
sprinkler), two plants distribution (regular and irregular
distribution) and four snhap bean cultivars (Alfa, Giza 6,
Alkarnak, and Nebraska). The Results showed that drip
© Misr J. Ag. Eng. (MJAE) | jrrigation system exhibited the highest values of vegetative
growth {(number of plants/ha), (number of branches/ plant),
(number of leaves/plant), (number of pods/plant), (weight of the
pods, Mg/ha), (weight of dry seeds, Mg/ha) and (weight of 100
dry seeds (g)}; and WUE while micro-sprinkler irrigation
system produced the lowest values in the same concern during
studied seasons. However, under the interaction (drip irrigation
+ regular distribution + Alfa cultivar) exhibited its superiority in
growth parameters. While, under the interaction (micro-sprinkler
irrigation + irregular distribution + Nebraska cultivar) recorded
the lowest in growth parameters. In conclusion under the
conditions of the experiment Alfa snap bean cultivar is
recommended in cultivation (for export or local marketing) with
drip irrigation at 5851 m®ha/season and regular distribution, due
to its superiority in yield/ha and (WUE).

Keywords:
Irrigation system; Water use
efficiency; Snap bean; Yield

1. INTRODUCTION

nap bean (Phaseolus vulgaris L.), also known as Phasolia in Egypt, is a popular
vegetable crop for both local consumption and export. China is the world's leading
producer of snap beans, with total production of 276134,7 Mg, Egypt is placed the
sixth. It is one of Egypt's most important food crops, and it is consumed as a cooked vegetable
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in the form of dry seeds or fresh pods. Dry beans (seeds collected at full maturity), green or
snap beans (completely developed pods before seed development), and green-shelled beans
(immature seeds with 60—70% seed moisture content) are the three main forms of popular
bean products. Beans (Phaseolus vulgaris, L.) are one of Egypt's most significant leguminous
crops for both local and international distribution. Egypt has about 28460 ha of snap bean
cultivation, and 27934 ha of dry and green bean cultivation, producing about 132130 and
288630 Mg, respectively (FAO, 2019). Snap bean cultivars differ from one another in visible
characteristics such as pod length and size, growth circumstances, and consumer tastes
(Nielsen, 2018).

Water is becoming increasingly limited, and it is a critical component of agricultural
productivity and crop development in arid and semi-arid environments. The mode of water
distribution and the amount of water accessible in the soil layers at the effective root zones
have an impact on crop growth and production. It's ideal to get a higher yield with the lowest
quality of water feasible. Recently, the use of drip and micro-sprinkler irrigation systems has
expanded dramatically around the world. The ability to boost crop yields while lowering
water application, additional fertilizer, and, as a result, cultivation expenses, is one of these
systems' key advantages. Drip irrigation can lead to save too much water, but only if the
system is properly designed, with the right emitter spacing, flow rate, and installation depth
(Rafie and El-Boraie, 2017). Drip irrigation systems, which deliver water directly to the root
zone of plants, are now one of the most cost-effective ways to provide water to plants.
Furthermore, drip irrigation keeps the plants over ground sections dry, making it less
susceptible to bacterial or fungal infections.

A few previous studies have looked into the impact of irrigation method on crop growth and
yield, and the significance of irrigation method in determining crop growth and yield
potential. Tomar et al., (1999) investigated the effect of three distinct irrigation systems,
(drip, micro-sprinkler, and surface irrigation), on reproductive growth and root-shoot
properties of French bean plants. They found that drip irrigation produced the highest green
pod output, weight and number of dried pods, number of seeds per plant, and husk weight. In
addition, the drip irrigation treatment produced the most secondary and tertiary roots. With
drip irrigation, the fresh shoot-root ratio was determined to be the highest. Reduced yields in
micro-sprinkler irrigated snap beans compared to drip irrigated snap beans are attributed to
lower oxygen concentrations in soil due to wet circumstances, which causes stomatal closure
in plants, lowering transpiration rate and, as a result, crop production (Antony and
Singandhupe 2004). Many studies have shown that crop yield and transpiration are
substantially and linearly connected. For the snap bean, Narayanamoorthy et al. (2003) and
Scholberg and Locascio (1999) found that drip irrigation resulted in higher plant height and
weight than sub-irrigation. Yonts (2010) investigated the impact of irrigation method on dry
bean output in response to water stress (early, mid, and late season). He concluded that the
greatest difference in yield between the water stress treatments happens at the middle of the
season, and it's more obvious for sprinkler irrigation than furrow irrigation. Given the
importance of irrigation method on crop growth, yield, and water use, as well as the lack of
understanding of these complex relationships, more research is needed to better understand
the effects of water stress, irrigation methods, and their potential impacts on crop growth
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performance and yield components. The information gathered will aid attempts to close yield
discrepancies in dry bean production systems across different geographic locations. Ramana
Rao et al. (2017) investigated the impact of different irrigation systems on the performance of
pea crop over three years-time. In their study, three irrigation systems were used (traditional
flood irrigation, micro-sprinkler irrigation, and drip irrigation). The results showed that micro-
sprinkler system irrigation system produced the highest crop yield, followed by drip and then
traditional irrigation systems. Drip irrigation was proven to save more water than the micro-
sprinkler watering technology.
Amer et al., 2002; Metin et al., 2005; Abdel-Mawgoud, 2006) found that increasing the
irrigation level boosted bean growth, green pod yield, and WUE. EI-Noemani et al. (2009)
obtained similar results on pea plants and on Kinnow Mandarin by, Raza et al., (2020).
The overall goal of this study was to see how irrigation methods and plant distribution
affected the growth, yield, and water use efficiency of several snap bean cultivars grown in a
sandy soil.

2. MATERIALS AND METHODS
Two field experiments were conducted at a private farm in El-Khatatba located at a latitude of
30° 52/ 66" and a longitude of 30° 38’ 11”to assess the effect of irrigation methods (drip and
micro-sprinkler) and plant distribution (regular distribution and irregular distribution as of
crow legs) on growth, yield, and water use efficiency of some snap bean varieties under sandy
soil conditions during the two winter growing seasons of 2019 and 2020., four snap bean
cultivars (Nebraska, Giza6, Alfa, and Alkarnak) were tested for vegetative growth
characteristics, yield, and its components, as well as their interaction. Under the examined
region, fertilizers requirements for bean crops were added based on suggestions from the
Vegetable Crop Research Institute, ARC, Ministry of Agriculture and Land Reclamation.
During seed bed preparation, 500 kg/ha of calcium super phosphate (15.5% P20s), 125 kg/ha
of ammonium sulphate (20.5% N), and 65 kg/ha of potassium sulphate (48% K>O) were
applied as recommended. At the first irrigation, 125 kg/ha of ammonium sulphate and 65
kg/ha of potassium sulphate were added. The pipette method was used to analyses the
experimental soil, the pH was measured in a 1 M KCI solution, organic matter was
determined using the Walkley-Black method, cation exchange capacity (CEC) was
determined using ammonium acetate solution, and CaCO3 was determined using the
calcimeter, all of which methods were cited by Black et al (1969). The contents of (N, P, K,
Fe, Mn, Zn, and Cu) were determined according to Cottenie et al, (1982). The experimental
site's soil texture was sandy, with a field capacity of 19.22%, welting point of 10.06%, and
bulk density of 1.45 gm/cm?® (Jacobs et al., 1971). Tables 1 and 2 shows some physical and
chemical properties of soil and water, respectively. When necessary, the approved agriculture
procedures for developing snap bean plants were used. The experiment comprises 32
treatments (two methods of irrigation, two plant distribution, four cultivars and two seasons).
Spilt- spilt plots design in a randomized full blocks with three replicates were used. Irrigation
systems were installed in the main plots, while plant distribution and cultivars were installed
in subplots and sub-sub plots, respectively. The sub-plot was 22.5 m? in size, with two rows
of 30 m length and 0.75 m width. Each variety has its own set of seeds. Nebraska, Giza 6,
Alfa, and Alkarnak were planted on January 20" and harvested on May 10" in the first season
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2019 and planted on January 13" and harvested on May 11" in the second season 2020. 15
cm apart and arranged in hills, on one side of the ridge, seeds were distributed in hills, which
were subsequently thinned to one plant per hill at 30 days after sowing. As shown in Fig. 1,
the entire cultivated area was divided according to the method of irrigation.

Table 1: Some physical and chemical properties of the experimental soil

Soluble Soluble | . Particle size Available
z cations anions < distribution © micronutrients
c
S| 3| ¢| (megi) (meg/L) | & Sl g (ppm)
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(*) Saturation percentage

Table 2: Chemical analysis of irrigation water during the two experimental seasons of
2019 and 2020

EC Cations (meg/l) Anions (meg/l)
Season pH

(dS/m) | ca* | Mg™ | Na™ | K* | COs | HCOs | CI | SO42 | SAR
2019 7.13 1.18 540 | 0.76 | 3.15 | 251 | 0.0 3.69 |334| 477 | 0.95
2020 7.20 1.20 545 | 0.76 | 3.25 | 254 | 0.0 3.77 | 340 | 483 | 1.24

Data from the weather station:

In 2019 and 2020, the Central Meteorological Lab, Ministry of Agriculture, Cairo (El-
Khatatba city) recorded and measured monthly maximum, minimum, average air
temperatures, wind speed, rainfall, and average daily evapotranspiration (ETo) at the
experimental site as listed in Table 3:

Table 3: Monthly maximum, minimum, average temperature, wind speed, rainfall and
average daily evapotranspiration (ETo) for the experimental site during 2019

and 2020
Average Average
Month Tmax(co) Tmin(co) Tmean (co) Wlnd Speed I’alnfa“ (mri;lga )
Ws (m/s) (mm/m?) y
Season | 2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020
Jan-Feb | 22.66 | 20.25| 6.73 | 6.04 | 13.03 | 12.48 | 1.10 | 0.03 | 0.21 | 0.03 | 3.20 | 2.90
Feb-Mar | 22.29 | 209 | 881 | 7.63 | 15.13|13.88 | 1.53 | 0.16 | 0.24 | 0.16 | 4.10 | 4.00
Mar-Apr | 25.71 | 239 | 10.04 | 9.36 | 17.45|16.32 | 1.51 | 0.02 | 0.02 | 0.02 | 5.80 | 5.50
Apr- May | 30.31 | 28.65 | 13.82 | 12.14 | 21.78 | 19.87 | 1.85 | 0.09 | 0.08 | 0.09 | 7.70 | 6.70
336 Darwish et al. (2021)
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Fig. 1: Schematic diagram for the cultivated area

Water required for irrigation:

Using the CROPWAT Package, the FAO Penman—Monteith method (Allen et al., 1998) was

utilized to determine the reference evapotranspiration ETo. ET, was used to calculate crop

water requirements (ET) across the growing season using the following equation:

(1)
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Where: ET. is the crop water requirements, Kc is the crop coefficient and ET, is the reference
evapotranspiration. Since there was no rainfall during the experimental period, net irrigation
requirement was taken to be equal to ET..

During both seasons of 2019 and 2020, the total amounts of irrigation water applied (from
sowing to harvesting) were 5851 and 6660m3ha for drip and micro-sprinkler irrigation
systems, respectively. Based on crop growth phases and weather data, the amount of water
needed for each month was calculated.

Irrigation Methods:

To irrigate bean plants, two irrigation methods were chosen. The first is a drip irrigation
system with GR of 4 L/h emitters spaced 30 cm apart. At a distance of 75cm, polyethylene
lateral lines with a diameter of 16 mm were employed. Micro-sprinkler irrigation is the
second system with the same laterals, but they were (8 L/h each with a 3 m wet diameter).

Distribution uniformity of drip and micro-sprinkler irrigation systems

Burt et al. (1997) addressed various definitions of irrigation system efficiency and
distribution uniformity. Because irrigation system efficiency is dependent on management
and design, it is difficult to assess. It can be measured with crop lysimeters or continuous soil
moisture measurements. For micro-sprinkler and drip irrigation systems, the low quarter
distribution uniformity is frequently employed to assess the performance of the system.

Where: DUjq is the low quarter distribution uniformity,
Vq is the average volume caught in the lowest 25% of volumes collected, and V is
the overall average of volumes collected.

The emitters and micro-sprinklers utilized in this study for the field investigation were
calibrated early in the winter of each growing season. Collecting catch cans were placed up
radially from the emitter 0.5m apart and up to 3m from the plants to evaluate micro-
sprinklers. The micro-sprinklers discharge was tested for 30 minutes. For drippers, discharge
was monitored using a graded glass at each emitter around the plant for one minute. Under
100 kPa, the uniformity coefficients for drip and micro-sprinklers irrigation were about 92%
and 80%, respectively. According to James (1988) and Bilalis et al., (2009) the water use
efficiency (WUE) of snap bean in each treatment was calculated using the total fresh pod
weight (marketable and unmarketable yield) as follows:
Total weight of fresh pod

WUE= ————. 3)

Total water applied

Where: WUE is the water use efficiency (kg/m?®), total weight of fresh pod yield (kg/fed) and
the total water applied (m3/ha)

Yield and its components:

Each plot's dry pods were collected when reached maturity, counted, and weighed, and the
following parameters were calculated:

1- Dry seeds (Mg/ha).

2- Weight of 100 seeds

3- Total seeds yield (Mg/ha).
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Weight of dry seeds: Pods were randomly collected from the bottom, mid, and upper parts of
the plants during harvesting time from the same three m? randomly selected and tagged
plants, and these pods were trashed individually. Numbers of seed per pod were counted
carefully from each plot and measured by a sensitive balance at 12.5 % moisture content and
expressed as Mg/ha.

100 Seed weight: A sample of threshed seeds from each plot was counted using an electronic
seed counter and measured by sensitive balance at 12.5 % moisture content.

Yield: Bean yields were discarded and measured from the net plot area of the harvestable row
(without border influence in the middle rows) and expressed as Mg/ha. A computerized
moisture tester was used to regulate the bean yield to 12.5% moisture.

Morphological characters:

Number of pods per plant, Number of plants/m?, Number of leaves/plants and Number
of branches/plants

Number of pods per plant: These were taken from the same three randomly selected tagged
pants at the end of harvest in each plot and the number of pods were counted and recorded
carefully.

Number of plants/m?: These were taken from the same three randomly selected tagged pants
at the end of harvest in each plot that equal 1m? and the number of plants were counted and
recorded carefully.

Number of leaves/plant: These were taken from the same three randomly selected tagged
pants at the end of harvest in each plant and the number of leaves were counted and recorded
carefully.

Number of branches/plant: These were taken from the same three randomly selected tagged
pants at the end of harvest in each plant and the number of branches were counted and
recorded carefully.

Statistical analysis:
All recorded data were subjected to ANOVA to identify significant treatments and/or
interaction effects by ‘F test” using the SPSS program (SPSS Systems for Windows, version
20). Mean separation between the significant treatments was calculated by least significant
difference (L.S.D).

3. RESULTS AND DISCUSSION
Main effect of irrigation systems, plant distribution and cultivars on some vegetative
growth characteristics of snap bean in both seasons
Effect of irrigation systems:
Data in Tables 4 and 5 shows the effect of irrigation systems; (drip and micro-sprinkler) on
vegetative growth of snap bean plants. In both studied seasons, data showed that the higher
values for (number of plants/ha), (number of branches/plant), (number of leaves/plant),
(number of pods/plant), (weight of the pods Mg/ha), (weight of dry seeds Mg/ha) and (weight
of 100 dry seeds, g) were found with drip irrigation as compared with micro-sprinkler
irrigation but without any significant differences except for the number of pods/plant during
both seasons, number of leaves/plant during season 2019 only and weight of dry seeds
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(Mg/ha) during season 2020 only were highly significant difference for drip irrigation as
compared with micro-sprinkler irrigation. Generally, drip irrigation system was, more suitable
for obtaining higher growth parameters in the studied seasons compared with micro-sprinkler.
The obtained results are in agreement with these obtained by Tomar et., al. (1999), Kassem
(2000), Haikel and Farid (2001), Narayanamoorthy et al, (2003), Kassab et al. (2005),
and Yonts (2010) who found that drip irrigation is more advantageous than micro-sprinkler.
Effect of plant distribution:

Data found in Tables 4 and 5 present the effect of plant distribution (regular distribution and
irregular distribution as crow legs) on vegetative growth of snap bean in 2019 and 2020. It is
clear from the Tables 4 and 5 that a quite similar trend was obtained in both experimental
seasons regarding the effect of irrigation on the studied growth parameters. In both seasons,
(number of plants/ha), (number of branches/plant), (number of leaves/plant), (number of
pods/plant), (weight of the pods, Mg/ha), (weight of dry seeds, Mg/ha) and (weight of 100 dry
seeds, g) were increased without significant differences by regular distribution. Moreover, the
number of leaves/plant during studied seasons and weight of 100 dry seeds (g) for season
2019 only were highly significantly difference by regular distribution as compared with
irregular distribution. Many researchers, including Pawar et al. (2007), Abd El-Latif et al.
(2009), Moniruzzaman et al. (2009), and Kazemi et al. (2012), El-Seifi et al. (2014) agree
with these results.

Effect of cultivars:

Growth parameters of snap bean cultivars in the two experimental seasons of 2019 and 2020
are presented in Tables 4 and 5. Data showed that growth number of plants/ha during studied
seasons, (number of branches/ plant) during season of 2020 only, (number of pods/plant)
during season of 2019 only, (weight of dry seeds Mg/ha) during season of 2020 only and
(weight of 100 dry seeds (g) during season 2019 only were significantly affected by snap bean
cultivars. Moreover, regarding the number of leaves/plant and weight of pods (Mg/ha), there
were no significant differences between the four varieties in the two growing seasons. It is
worthy to mention that Alfa and Giza 6 cultivars exhibited its superiority in all
aforementioned growth characteristics. Contrarily, in both growing seasons, Nebraska cultivar
showed its inferiority against other cultivars in the same regard. The different behavior of
cultivars observed in the studied characters might reflect the differential expressivity of
certain genes during autogenetic processes. These results are in agreement with those
obtained by Nassar (1986) on snap bean, Abou El-Hassan et al. (1993) on bean and Amer et
al. (2002) on bean.

Effects of interaction between irrigation system, plant distribution and cultivars of snap
bean during studied seasons

Effect of interaction among irrigation systems, plant distribution and cultivars of snap bean on
vegetative growth characteristics is exhibited in Tables 6 and 7. Significant differences due to
interaction were attained in all growth parameters in both experimental seasons. It is worthy
to mention that in most cases the greatest values of the significantly affected characters in the
two seasons were recorded by Alfa and Giza 6 variety with the treatment of regular
distribution and drip irrigation system, these outcomes matched those predicted by Nassar
(1986), Kazemi et al. (2012) and El-Seifi et al. (2014).
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Table 4: Main effect of irrigation systems, plant distribution and cultivars on some
vegetative growth characteristics of snap bean in both seasons

Characteristics No. of
plants /ha
Treatments
S o Drip 195985 2
e .
2% Micro 1836352
_ > .
Lo sprinkler
L.S.D.at 5% NS
S Regularly  203870°
€5
s 2
Qs Irregular 175750 @
2
L.S.D.at 5% NS
Alfa 225625 ?
wn
S Giza6  190760°
g Alkarnak 185250
Nebraska 157510 ¢
L.S.D.at5% *

No. of
branches/
plant

4.958 @
4.667?

NS
5.04°

4.58°2

NS
5.082

5.08°2
4.83%

4.25%
NS

No. of
leaves/plant

47.21%
35.13°

42.13°

36.75°

42,582
414
40.58 #

4052
NS

No. of
pods/plant

8.212
7.38°

8.08%2

7.50 2

NS
8.832

8.25
7.42 %

6.67°¢

*

No. of
plants /ha

2011154
1788852

NS
202635 @

1773652

NS
225625

190760°
189240 °
154375°¢

*

No. of No. of
branches/ leaves/plant
plant
52 43.13°
45424 35.754
NS NS
4882 45214
4.672 37.13°
NS *
5.08 2 42.92 2
475 4058
4.67® 38.33¢
458" 36
* NS

No. of
pods/plant

9.17¢2
7.63°

8.54 2

8.25°

NS
9.08 %

8.75¢
8.08 2

7.67°2
NS

Means followed by the same letter are not significantly different from one another based on Duncan’s multiple
range test at a p < 0.05 significance level. NS indicate non-significant, *Significant at P< 0.05.

Table 5: Main effect of irrigation systems, plant distribution and cultivars on some
vegetative growth characteristics of snap bean in both seasons

Characteristics Weight of the
pods
Treatments
(Mg. haty
g Drip 6.14 2
? ?>,» Micro sprinkler 5.33¢@
L.S.D.at 5% NS
5 Regularly 584¢@
€5
s 2
Qs Irregular 5632
2
L.S.D.at 5% NS
Alfa 6.01 @
§ Giza 6 5.70 @
3 Alkarnak 5.69 @
Nebraska 5.532
L.S.D.at5% NS

Weight of
dry seeds

(Mg. hat
1.473
1.392

NS
1.45¢%

1412
NS
1.46°
1.46%
1432

1.37%
NS

Weight of 100

dry seeds

(@)
46.29 2

45.46%

NS
47.42°

44.33°
*
47.25°
46.67 2
46.42 2

43.17°

*

Weight of the

pods

(Mg/ha)

8 a
6.302

NS
7172

7.132
NS
7.45¢
7.36 2
6.97 2
6.81°
NS

We

(

ight of dry Weight of 100
seeds dry seeds
Mg/ha) (9)
1902 48.632
1.48" 46.292
* NS
1792 48.54 2
1592 46.38 2
NS NS
1.86% 48.67 2
1.74 % 482
1.612 46.52
1.56° 46.58%
* NS

Means followed by the same letter are not significantly different from one another based on Duncan’s multiple
range test at a p < 0.05 significance level. NS indicate non-significant, *Significant at P< 0.05.
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Water use efficiency:

Seasonal water used by snap bean varied from 5851 m®ha for drip irrigation to 6660 m®/ha

for micro-sprinkler irrigation in the studied seasons 2019 and 2020.The different values of

Seasonal water used by snap bean referred to the higher efficiency of drip irrigation compared

to micro-sprinkler irrigation. The highest WUEweight of the pods) Of 1.57 kg/m® was obtained with

the treatment (drip irrigation + regular distribution and Alfa cultivar) in the 2020 season and
the minimum WUE weight of the pods) Of 0.67 kg/m® was observed with the treatment (micro-
sprinkler irrigation + irregular distribution and Nebraska cultivar) in the 2019 season.

Broadly, WUE values decreased with using micro-sprinkler irrigation system because this

system was less efficient than the drip irrigation system as a result of consuming more water.

Erdem et al., 2006: Unlu et al., 2006; ElI-Hendawy et al., 2008; EI-Noemani et al., 2010;

El-Noemani et al., 2015; Yonts et al., 2018; Abuarab et al., 2020; Raza et al.,2020) had

the findings. Improved yields under drip irrigation could arise from keeping soil moisture at

an optimal level through more frequent water applications, as concluded by Phene (1991).

Similarly, Yin et al. (2011) reported that drip irrigation system consumed only 21% to 29%

of irrigation water compared with micro sprinkler irrigation system, and WUE was improved

by 167% to 234% with drip irrigation system compared with micro sprinkler irrigation
system.
4. CONCLUSIONS

The aim of this study was to investigate the effect of irrigation system and plants distribution

on growth, yield and water use efficiency of some snap bean varieties under sandy soil

condition. It could be concluded that under the conditions of this experiment, drip irrigation
system was the best system to be used.

e The highest value of the number of plants/ha was 278635 plants /ha in the growing season
of 2019 and 2020 under the interaction (drip irrigation + regular distribution and Alfa
cultivar) while the lowest values were 129865 and 117135 plants/ha in the growing season
of 2019 and 2020, respectively under the interaction (micro-sprinkler irrigation + irregular
distribution and Nebraska cultivar).

e The highest value of the number of number of leaves/plant was 55.67 leaves/plant in the
studied seasons under interaction (drip irrigation + regular distribution and Alfa cultivar)
when the lowest value was 25 leaves/plant in the studied season 2020 under interaction
(micro-sprinkler irrigation + irregular distribution and Nebraska cultivar).

e Weight of the pods (Mg/ha) recorded the highest value (9.2 Mg/ha) in the studied season
2020 under interaction (drip irrigation + regular distribution and Alfa cultivar), when the
lowest value (4.43 Mg/ha) in the studied season2019 under interaction (micro-sprinkler
irrigation + irregular distribution and Nebraska cultivar).

e Weight of dry seeds (Mg/ha) recorded the highest value (2.52 Mg/ha) in the studied season
2020 under interaction (drip irrigation + regular distribution and Alfa cultivar), when the
lowest value (1.14 Mg/ha) in the studied season2020 under interaction (micro-sprinkler
irrigation + irregular distribution and Nebraska cultivar).

e Weight of 100 dry seeds (g) recorded the highest value (56.33 g) in the studied season 2020
under interaction (drip irrigation + regular distribution and Alfa cultivar), when the lowest
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value (37 g) in the studied season 2019 under interaction (micro-sprinkler irrigation +
irregular distribution and Nebraska cultivar).

e The highest WUE weight of the pods) 1.57 kg/m® was obtained under (drip irrigation + regular
distribution and Alfa cultivar) in the second season 2020 and the minimum WUE weight of the
nods) 0.67 kg/m® was observed under (micro-sprinkler irrigation + irregular distribution and
Nebraska cultivar) in the first season 2019.
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