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ABSTRACT 

This experiment was conducted at Al-Sadat Experimental Farm of the Faculty of Agriculture, Al-
Azhar University, Monoufia Governorate, Egypt, during the two consecutive growth seasons of 
2017/2018 and 2018/2019 to evaluate the effect of different irrigation water levels, (60, 80, and 100%) of 
evapotranspiration crop (ETc) on growth, yield and pod quality of green bean cultivar Joya under the 
plastic greenhouse conditions. The obtained results showed that there were significant differences 
among the three levels of irrigation for the most tested parameters. It was obvious that irrigation 
water level at 100% of ETc significantly increased pod weight, length and diameter, in addition to 
stem internode length and leaf relative water content, as well as leaf fresh weight and area. Likewise, 
this irrigation level increased total pod yield in weight and in number of pods per plant and total 
protein content, while the lowest level of irrigation (60% of ETc.) improved some quality characters 
such as total chlorophylls, proline contents in leaf, total soluble solids, ascorbic acid, total sugars, and 
crude fiber contents in pods.  
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INTRODUCTION 

Green bean (Phaseolus vulgaris L.) is a major 
vegetable crop in Egypt for exportation and 
local consumption, where it is the third largest 
export of vegetable crops after potatoes and 
onions with an average about 20.44 thousand 
tons of exports during the period 1995-
2017(Mohamed et al., 2018). Also, fruits of this 
crop is considered a good protein source for 
humane nutrition, besides its role in 
improving soil fertility (Fabbri and Crosby, 
2016 and Mahabal, 1986). In Egypt, the limited 
of water resources are the strong challenge 
which faces agricultural production and the 
expansion of reclaimed lands. Therefore, 
improving water use efficiency without any 
reduction in productivity can contribute 
towards minimized water consumption, 
reduced losses of irrigation water, increased 
cultivated area and satisfied present and future 
requirements of the increases of population 
from food supply (Saleh et al., 2018). The 
irrigation management for green bean is 
achieved with supplying the plants by 
adequate moisture demands around root zone 
without excess or deficit to create good 
conditions for growth, development and yield 
(Ayas, 2015). Green bean is a sensitive plant to 
water stress at all growth stages especially 
flowering and pod development stages (Sezen 
et al., 2008). The previous studies showed that 
green bean cultivars differed significantly in 
their sensitivity to irrigation water levels. For 
instance, it was found that the treatment of 
100% of field capacity was the most suitable 

for Giza cultivar, while 75% of field capacity 
treatment was favorable for Bronco cultivar 
with decreasing deformed pod percentage and 
total fiber content as well as the increase in 
total protein content (Singer et al., 2003). In the 
current investigation, we evaluated green bean 
cultivar Joya grown under different levels of 
irrigation water in plastic greenhouse 
conditions, aiming to know the suitable water 
level and optimum productivity for plants. 

MATERIALS AND METHODS 

The experiment was conducted at Al-Sadat 
Experimental Farm of the Faculty of 
Agriculture, Al-Azhar University, Monoufia 
Governorate, Egypt, during the two 
consecutive growth seasons of 2017/2018 and 
2018/2019 to study the effect of irrigation levels 
on the growth, yield and pod quality of green 
bean (Phaseolus vulgaris L.) under the plastic 
greenhouse conditions. The tested cultivar of 
our study is Joya, which is classified as 
indeterminate growth cultivar. The 
greenhouse (40 m. long, 9 m. wide and 3.5 
height) was divided into six raised beds with 
1.20 m. wide. GR drip irrigation type of 16 mm 
diameter with 30 cm spacing and 4 liter per 
hour flow rates at 1.5 bar working pressure 
were installed on the center of raised beds. 
Control valves were fixed at the entrance of the 
treatments to regulate the delivery amount of 
the irrigation water. Irrigation water was 
supplied from groundwater by pump and 
quality water properties are given in Table (1). 
The soil of this investigation was sandy loam. 
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The physical and chemical analyses of the trial 
soil took place in the Laboratory of Soil, Water 
and Environment, the Agricultural Research 
Center at Giza Governorate (Table 2). 

Seeds were sown on November 10th in both 
seasons in the plastic greenhouse. The planting 
was on both sides of the drip line at 0.30 m 
between plants. Irrigation treatments were 
practiced after appearing of the third true leaf 
at every two days irrigation frequency. The 
recommended agricultural practices were 
followed whenever are needed according to 
the advices of the Ministry of Agriculture and 
Land Reclamation. 

Applied irrigation treatments included 60, 
80 and 100 % from crop evapotranspiration 
(ETc) that was calculated based on the 
following equation: ETc = ETo X Kc. Where, 
ETc = Crop evapotranspiration, (mm/day). ETo 
= Reference evapotranspiration, (mm/day) 
which was calculated from daily weather data 
by using the Penman-Monteith method 
equation (Allen et al., 1998). The value of ETo 
under the plastic greenhouse conditions was 
about 70% of value of ETo in the open field 
(Abou Hadid and El-Beltagy, 1992). Kc = Crop 
coefficient varies in plant green bean growth 
stages (Allen et al., 1998). The weather data of 
the studied area were obtained from the 
Central Laboratory of Agricultural Climate 
(Table 3). The different applied quantities of 
irrigation water in all the treatments were 
determined during the two growing seasons 
(Table 4). 

Evaluated Parameters 

The plant characteristics: 

Three plants randomized were taken from 
each plot at age of 60 days from sowing to 
measure leaf fresh weight and area as well as 
stem internode length as physical parameters. 
In addition, chemical constituents in leaf such 
as total chlorophylls were determined 
according to Lichtenthaler (1987) and total 
proline content was determined according to 
Bates et al. (1973). 

The pod characteristics: 

The following pod parameters were 
recorded in the third picking at harvesting 
stage, where green beans are generally 
harvested at a physiologically immature stage 
of development. Physical parameters of pods 
including fresh weight, length and diameter 
were estimated. Also, chemical constituents in 
pods such as total soluble solids content were 
determined by method published in A.O.A.C.  
(1980).  Ascorbic acid content was determined 

according to Rao and Deshpande (2006). Total 
sugars were determined according to Smith et 
al. (1956). Crude fibers percentage (%) were 
determined according to Sadasivam and 
Manickam, (1991) and total proteins 
percentage (%) were calculated by multiplying 
total nitrogen content by the factor 6.25 
whereas total nitrogen content was determined 
in the dry weight of pods using the Kjeldahl 
apparatus according to Cottenie et al. (1982). 

Yield characteristics:  

The immature pods of three plants from 
each experimental plot were labeled and 
picked up through the harvesting period and 
the total yield of pods for every picking was 
collected. It recorded the weight of pods in (g/ 
plant) and count of the number of pods per 
plant. 

Relative water content (RWC):  

The relative water content was determined 
in leaf according to Sepehri and Golparvar, 
(2011) 

Statistical analysis:- 

The design of the experiment was arranged 
in a randomized complete block design with 
three replicates. The obtained data were 
subjected to statistical analysis using Costat 
software to decompose the variance method. 
The means were compared by using the least 
significant differences (L.S.D) at the level of 
0.05 of probability, as illustrated by Snedecor 
and Cochran, (1980). 

RESULTS 

The plant characteristics: 

Effect of different irrigation levels on 
physical parameters of green beans plants are 
showed in Figure (1). The results indicated that 
leaf fresh weight, leaf area and stem internode 
length were significantly affected by irrigation 
levels. Hence, the highest significant values of 
all mentioned characters were obtained with 
the irrigation water level 100 % of ETc, 
whereas the lowest one was exerted from the 
level of 60% of ETc. 

The influence of the irrigation levels 
applied on the contents of total chlorophylls 
and proline in leaf are presented in Figure (2). 
The obtained results illustrated that the 
irrigation level at 60 % of ETc was induced a 
significant increment in leaf total chlorophylls 
and proline contains compared with the other 
irrigation levels. Therefore, the highest 
significant values of total chlorophylls and 
proline contents were observed from using the 
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irrigation level at 60% of ETc, whereas the 
lowest one was exerted from the level of 100% 
of ETc. 

The pod characteristics: 

Physical parameters of pod: 

Data presented in Figure (3) showed the 
effects of different irrigation levels on pods 
physical parameters. It is worthy to mention 
that the pods parameters (pod fresh weight, 
pod length and pod diameter) were 
significantly increased with the increase of the 
irrigation water levels from 60 % up to 100 % 
of ETc. The highest values in the pod physical 
characteristic detected from using the 100% 
irrigation level of ETc, the lowest one was 
exerted from irrigation with the level 60% of 
ETc. 

Chemical parameters of pod: 

Concerning the possible interaction effects 
between the different irrigation levels and 
chemical parameters of pod,  (Fig.4) illustrated 
that the decrease of the irrigation water levels 
from 100 % until 60 % ETc was correlated with 
significant increase in the pods contents of 
total soluble solids, ascorbic acid, total sugars 
and crude fibers percentage. Hence, the best 
results in the contents of total soluble solids, 
ascorbic acid, total sugars and crude fiber in 
pod was achieved from using the irrigation 
level at 60% of ETc and the opposite was true 
from using the irrigation level at 100% of ETc . 

Regarding the content of protein in pod in 
(Fig.4), the results reflected a significant 
increase in the content of protein came from 
using the irrigation levels at 80% and 100% of  
ETc, but the difference resulted between them 
did not reach the significance in the first 
season only. Generally, the data cleared that 
the greatest quantity of pod protein was 
obtained when the plants received irrigation 
water at 100 % of ETc, while the lowest 
significant one was obtained from using the 
irrigation level at 60 % of ETc. 

Yield characteristics:-  

The results of the statistical analysis about 
the effect of the different irrigation levels on 
yield parameters of green beans are shown in 
Table (5). It seems possible to say that the 
highest significant values of pods total yield 
and number of pods per plant were obtained 
when the plants irrigated with 100 % from ETc. 
Conversely, the lowest level of irrigation water 
at 60% of ETc resulted in the lowest values of 
yield. 

 

Relative water content (RWC): 

The figure in Table (5) displays the results 
pertaining to the effect of the different 
applications of irrigation levels on leaf relative 
water content. The figure clearly indicated that 
the highest relative water content was 
observed when the plants were irrigated at 100 
% from ETc. In contrast, 60% of ETc produced 
the lowest value of relative water content.  

DISCUSSION 

The present results on green bean plants 
Joya cultivar reported that the effect of various 
irrigation levels at 60, 80, and 100 % of ETc 
induced changes in the tested characteristics of 
all physical and chemical of both plant and 
pod. The data cleared that the physical 
parameters of plant and pod such as leaf fresh 
weight, leaf area, internode length of stem and 
pod weight, pod length and pod diameter 
were increased with increasing of irrigation 
levels up to 100% at ETc. These results may be 
due to the availability of water in the active 
root zone which in turn may increase the 
absorption of water and the uptake of 
nutritional elements, which eventually reflects 
on carbohydrates assimilation that are 
necessary for different plant growth processes 
(Marzouk et al., 2016) and pod parameters (El-
Nemr, 2006). The other scene indicated that 
these results may be attributed mainly to the 
effect of water efficiency on the quantitative 
and qualitative changes in certain metabolic 
processes in the plant cell which led to the 
enhancement of cell division and enlargement 
and this in turn might contribute in the effect 
all morphological parameters of growing 
plants and much for increasing in the pod 
characteristics and quality (Mahmoud, 2000). 
Our results are in harmony with the past 
studies which showed that increasing 
irrigation levels up to 100% revealed the 
highest values of vegetative growth (El-
Noemani et al., 2015).  

Concerning the change of the chemical 
parameters of plant and pod, it was shown 
that the leaf total chlorophylls content was 
increased with exposing the plants to the level 
of 60 % of ETc. These results may be related to 
the fact that the use of irrigation level at 60 % 
of ETc created suitable conditions for 
inhibition of chlorophylls degradation 
enzymes activity combination with osmotic 
adjustment in leaf tissue. These results are in 
accordance with other study which reported 
that the highest total chlorophylls in leaf of 
garlic plant content was obtained from the 
plants exposed to 60 % of ETc (Moustafa, 
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2017). Also, the data obtained appeared that 
the irrigation level at 60 % of ETc was induced 
by a significant increment in leaf proline 
content compared with the other irrigation 
levels at 80 % and 100% of ETc. This 
accumulation may be related to enhance 
activities of proline biosynthesis enzymes or 
inhibit of proline degradation enzymes under 
60 % of ETc (Ramezani et al., 2011). Here, the 
scientific fact indicates that accumulation of 
proline is one of the important facts in osmotic 
balance of the cell cytoplasm for protecting the 
plant from oxidative damage (Zadehbagheri, 
2014).  The studies of pod chemical parameters 
also showed that the best results in the 
contents of total soluble solids, ascorbic acid, 
total sugars and crude fibers percentage were 
achieved from using the irrigation level at 60% 
of ETc. This could probably be attributed to the 
use of the irrigation level at 60% ETc that 
pushed the plant to regulate certain metabolic 
activity by degradation of polysaccharides to 
simple sugars and thereby arise the content of 
TSS and the amount of the organic acids 
transformation rate (malic, citric and ascorbic 
acid etc.) which play an important role in 
osmotic adjustment in plant (Agbemafle et al., 
2014). Similar trend reported that total soluble 
solids and crude fibers contents in green bean 
pods were increased by reducing water 
volumes from 100 to 60% of ETc (Marzouk et 
al., 2016 and Saleh et al., 2018).  

From another point of view, the highest 
significant values of pods total yield in weight 
and number of pod per plant came from using 
the level at 100 % of ETc and this could be 
explained as a result of increasing vegetative 
growth characteristics (Fig. 1), and physical 
parameters of pods (Fig.3). Thus, it is obvious 
from data that the medium values of yield 
were achieved by irrigating green bean plants 
at 80% of ETc whereas, irrigation at 60% of ETc 
showed the lowest significant values in yield. 
Previous study agreed with the current studies 
which shows that there was an increase in 
weight of pod and number of pods per plant 
with increasing the levels of irrigation water 
up to 100 % of field capacity for Giza cultivar 
(Singer et al., 2003). 

With respect of the water relative content, 
the data showed that the highest value of 
water relative content was recorded from the 
irrigation level at 100% of ETc and this may be 
due to relative water content which is an 
important marker to measure plant water 
status. Hence, the adequate supply of water 
may increase water availability in the root 
zone resulting in improving plant water status 

which led to the enhancement of relative water 
content and the reduced of water saturation 
deficit in the plant cells (Farooq et al., 2009).  

In the contrary, the lowest values in the 
previous parameters resulting from using the 
irrigation level at 60% from ETc can be 
attributed to reduce plant ability on water 
absorbance from the soil with high moisture 
tension around the root zone. Consequently, 
the soil water and nutrients were inadequate 
for well vegetative growth. Which means, 
reduction in yield and its quality (Karaye and 
Yakubu, 2007). Besides, low soil moisture 
adversely affected the changes happened in 
the various physiological and biochemical 
processes and growth promoters (Farooq et al., 
2008). 

CONCLUSION 

Under the conditions of this experiment, it 
can be concluded that the application of 100% 
of ETc was befitted Joya cultivar with 
increasing most plant growth characteristics 
and pod yield, although the highest total 
soluble solids, ascorbic acid, total sugars and 
crude fiber contents in pods were achieved by 
60% of ETc. 
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Table 1. Chemical analyses of the irrigation water. 

Cations (mmolc L-1): Anions (mmolc L-1) 

Ca++ Mg++ Na+ K+ Cl- HCO3 SO4-- CO-- 

2.60 1.00 3.44 0.16 3.00 3.80 0.40 0.00 

Trace element (ppm): 
S.A.R E.C. (dSm-1) pH 

Fe Zn Mn Cu 

0.02 0.01 0.02 0.01 2.60 0.77 7.27 
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Table 2. Physical and chemical properties of experimental soil.  

Physical properties 

Clay % Silt % Coarse sand % Fine sand % Soil texture FC (%) PWP (%) 

18.23 23.37 18.00 40.40 Sandy loam 15 6 

Chemical properties 

E.C 

(dSm-1) 
pH 

N 

(ppm) 

P 

(ppm) 

K 

(ppm) 

Cation (meq/L) Anion (meq/L) 

Ca++ Mg++ Na+ K+ HCO3- Cl- SO4 -- 

3.41 8.2 39.45 17.63 304 8.03 6.85 15.8 1.1 8.87 14.3 14.6 

Table 3. Meteorological data of the experimental location during the two seasons of 2017/2018 and 

2018/2019.  

Month 
Air temperature 

(ºc) 

Relative Humidity 

(%) 
Wind speed (m/s) 

ETo 

(mm/day) 

Season 
2017/ 

2018 

2018/ 

2019 

2017/ 

2018 

2018/ 

2019 

2017/ 

2018 

2018/ 

2019 

2017/ 

2018 

2018/ 

2019 

November 17.6 18.8 76.6 82.7 1.4 1.9 2.3 2.1 

December 15.6 15 85 79.3 1.45 2.25 1.9 1.7 

January 13.5 12.2 78.5 61.3 2.2 2.45 2.0 1.9 

February 16.8 13.5 75.8 71.7 1.55 2.15 2.6 2.6 

March 18.8 15.6 64.5 72.4 1.95 1.85 3.9 3.8 

Table 4. Total applied of irrigation water quantities (mm/season) in the different levels under the 

greenhouse conditions during the two growing seasons of 2017/2018 and 2018/2019. 

Seasons 
Irrigation levels (% ETc) 

60 % 80 % 100 % 

2017/2018 179.8 239.8 299.7 

2018/2019 175.4 233.8 292.3 

 

 

Table 5. Effect of irrigation levels on total yield, number of pods per plant and relative water content 

during both seasons 2017/2018 and 2018/2019. 

Irrigation levels 

(% ETc) 

Total yield of pods 

(g / plant) 
Number of pods per plant Relative water content (%) 

2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 

60 291.17 353.77 59.67 78.33 71.96 60.56 

80 495.03 448.50 78.33 94.00 75.76 66.20 

100 614.17 567.10 99.33 116.67 76.89 68.97 

L.S.D at 5% 93.10 46.62 14.59 12.40 0.54 4.49 
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Figure 1. Effect of different irrigation levels on leaf fresh weight and area and stem internode length of 

green beans in the two seasons of 2017/2018 and 2018/2019. 
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Figure. 2. Effect of different irrigation levels on the contents of total chlorophylls and proline of green 
beans in the two seasons of 2017/2018 and 2018/2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 -
 0.5
 1.0
 1.5
 2.0

60 %ETc 80 %ETc 100 %ETc LSD

Y 2017-2018 1.36 1.31 1.27 0.02

Y 2018-2019 1.84 1.68 1.62 0.11

To
ta

l 
ch

lo
ro

p
h

yl
ls

 
(m

g/
g)

 -
 7

 14
 21
 28

60 %ETc 80 %ETc 100 %ETc LSD

Y 2017-2018 20.50 19.12 14.58 2.17

Y 2018-2019 25.29 21.27 16.87 3.61

P
ro

lin
e

(µ
g/

g 
F.

 W
.)



Al-Azhar Journal of Agricultural Research V. (46) No. (1) June (2021) 43-53 Moustafa et al. 

51 
 

 
Figure. 3. Effect of different irrigation levels on pod physical parameters of green beans in the two 

seasons of 2017/2018 and 2018/2019. 
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Figure. 4. Effect of different irrigation levels on pod chemical parameters of green beans in the two 

seasons of 2017/2018 and 2018/2019. 
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رالصوبة.رررظروفرررتحترررالخضراءرررقرونرالفاصولياررروجودةرررومحصولرررنمورررالمختلفةرعلرررمس توياترالرىررتأ ثير

براهيمرمصطفىر رعبدرالقوىرعبده,رأ حمدرحمدىرمحمدرعبدرالواحدرررةر,رماهررأ مينروالي,رعرفر*رمحمودرمصطفىرا 

رالقاهرة.رر-جامعةرال زهررر-كليةرالزراعةرر-قسمرالبساتينر

رر Mahmoud.mostafa21@azhar.edu.eg*رالبريدرالالكترونيرللباحثرالرئيسي:

 الملخصرالعربر

رهذ ررهرأ جريت رمزرعة رفي رالمنوفيةالدراسة ربمحافظة ربالسادات رلرر-التجارب رالتابعة رالزراعة رر-كلية رال زهر رجامعة رالزراعة رموسمى رر2018ر-2017خلال

قرونرالفاصولياررروجودةرومحصولنموررعلرنتحرالمحصولرر-%رمنرالبخرر100ر–ر80ر–ر60وهيررالمختلفةرىرمس توياترماءرالررلتقييمرتأ ثيرمرر2019ر-2018و

ر رصنف رالخضراء رظروفجويا ررتحت رالبلاستيكيةالصوبة روجود رالنتائج رأ وضحت را ر. رالثلاثة رالرى رمس تويات ربين رمعنوية %رررر100ر–ر80ر–ر60ختلافات

رالمختبرة رالصفات ررالنتائجرأ ظهرتررحيثرر،بمعظم رمس توى رعند رالرى رر100أ ن رمعنوية رزيادة رحقق رقد ررفير% روقطر روطول رالوزن ربال رقرن رال طولررضافه

زيادهرمعنويةربالمحصولرررالرىالرىربهذارالمس تورأ دىر.رأ يضاركذلكرالوزنرالطازجرللورقةرومساحتهارروربالورقةرمحتوىرالماءرالنس بىررورمياترعلرالساقرالسلا

روزنار رتحرروعددااررالكلى روعلرالرغمرمنرهذارالكلى.رالبروتينرىمحتورمنررجودةرالقرونرينسللقرونرمع رتحسينربعضررر%60رىربمس توررىنرالررأ رنجدر، رال أ دى

رالجود رالمحررةرصفات رمثل رمن رتوى ربجانب ربال وراق، رالبرولين رو رالكلى رال رالكلورفيل روحامض رالكلية رالصلبة روال رالمواد رالكلية روالسكريات ليافررسكوربيك

ر.بالقرون

رنتحرر-البخرالفاصوليارالخضراءرورالصوبةرورالرىروررالاسترشادية:رالكلماترر

ر
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