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ABSTRACT 
The present study was carried out in a private farm at Meet Assas, Samanoud, Elgharbia Governorate, 

Egypt, during the two fall seasons of 2014 and 2015. The experiment was conducted to investigate the 
effect of three irrigation water levels mainly 60, 80 and 100 % of crop evapotranspiration (ETC) and 
seaweed extract as a foliar spray at the concentrations of 400, 600 and 800 ppm and their interaction on 
the growth, yield and pod quality of green bean (Phaseolus vulgaris L.) cultivar Bronco. The obtained 
results showed that plant height and the number of leaves and pod weight and length as well as leaf 
relative water content significantly increased with using the irrigation level at 100% of Etc and the 
seaweed extract at concentration of 800 ppm. The same trend was obtained for pod contents of total 
protein, N, P and K. On the other hand, the highest values of total chlorophyll content in the leaf in 
addition to total yield as weight and number of pods per plant resulted from the irrigation levels at 80% 
and 100% of Etc and the seaweed extract concentration of 800 ppm. While, leaf proline content and pod 
content of ascorbic acid significantly increased with decreasing irrigation water level to 60% in the plants 
sprayed with the concentration of 800 ppm seaweed extract. At the same time, the highest value of water 
saturation deficit was obtained from applying the irrigation level at 60 % of Etc in the untreated plants 
with seaweed extract. Also, it seems that the highest values of water use efficiency resulted from using the 
level of 80% from Etc. It could be concluded that using the irrigation level at 80% of Etc and spraying the 
plants with the seaweed extract at 800 ppm is considered a suitable application to increase the yield of 
green bean with high water use efficiency. 
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1. INTRODUCTION 
Green bean (Phaseolus vulgaris L.) is one of 

the most important vegetable crops grown in 
Egypt for either local consumption or exportation 
.The cultivated area of this crop in 2013 was 
estimated at 25.071 feddan, which produced about 
263.080 tons with an average yield of 10.49 tons 
per feddan ( FAO, 2013). Water is a limiting 
factor with respect to its quantity and quality in 
crop production. Nowadays, the shortage of 
irrigation water is the major challenge which faces 
agricultural production in Egypt. Beans, like many 
other crops, are sensitive to water stress at all 
growth stages and it is more sensitive to drought at 
flowering and pod development stages (Thaloot et 
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a!., 2006). Trials of bean plants showed that 
vegetative growth and pod yield were significantly 
influenced by water stress treatments (Singer et 
al., 2003). Hence, the detrimental effects of 
drought can be minimized by adequate and 
balanced supply of exogenous applied antioxidant 
compounds as well as application of various 
organic solutes (Ibrahim, 2012 and Mansori et al., 
20 16). It is well known that seaweed extract is 
useful for ensuring high agricultural production 
and it is an important resource for diverse 
components which have beneficial effects, in 
terms of enhancement of plant growth and 
development (Hernandez- Herrera et a!., 2014), 
improving tolerance to environment stress and 
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increasing antioxidant properties of plants (Zhang 
et al., 2003). Therefore, the main objective of the 
current study was to evaluate the effect of foliar 
spray with some concentrations of seaweed extract 
on the growth and the changes in the physical and 
chemical characteristics of green bean under 
different irrigation water levels. 

2. MATERIALS AND METHODS 
This trial was carried out during the two fall 

seasons of2014 and 2015 at a private farm at Meet 
Assas, Samanoud, Elgharbia Governorate, Egypt. 
The aim was to study the effect of the various 
irrigation water levels, seaweed concentrations and 
their interaction on the growth, yield and pods 
quality of green bean (Phaseolus vulgaris L.) 
cultivar Bronco. The seeds were directly sown in 
the field on September the 3rd in the two seasons. 
Planting spacing was done at 60 em. between rows 
and 20 em. between plants in the row. Each row 
was 3 m long and 60 em wide. The area of each 
plot was 6 m2

• After complete germination plants 
were thinned into one plant per hill. This 
experiment included 12 treatments, which were the 
combinations between three irrigation water levels 
and four treatments of seaweed extract. The 
treatments were arranged as a factorial in a 
randomized complete block design with three 
replicates. Drip irrigation was applied at three 

irrigation levels including 60, 80 and 100 % of 
crop evapotranspiration (Etc) which was 
determined by using Penman Montieth equation 
(Allen et al., 1998). The total amounts of irrigation 
water requirement (m3/fed.) were determined in 
the different treatments during the two growing 
seasons as shown in Table (1 ). The water rate was 
2 Llh, discharge at 4 days intervals in the two 
seasons. One row was left between each irrigation 
treatment as a guard row to avoid and prevent the 
overlapping. All experimental units received equal 
amounts of water until complete germination then 
irrigation and treatments were started in both 
seasons. Plants were sprayed with four 
concentrations of seaweed extract (SWE), namely 
400, 600, 800 ppm and tap water as a control at 
three times; the first was before flowering, while 
the second and third were 15 and 30 days after the 
first spray (Hamed, 2012). The seaweed extract 
was obtained from Union for Agricultural 
Development (UAD) Company, Cairo, Egypt. The 
chemical and biochemical analysies of seaweed 
extract are shown in Table (2). The obtained 
results of the physical and chemical analyses of 
soil experimental site were shown in Table (3). 
The recommended agricultural practices of 
growing snap bean were applied whenever needed 
(Hassan, 1989). 

Table (1): Total quantity of water applied with (m3/fed.) for the different irrigation levels during the two 
growing seasons of 2014 and 2015. 

Total quantity of water applied (m3/fed.) 

100% 80% 60% 
2014 2015 2014 2015 2014 2015 

1885 1980 1508 1584 1131 1188 

Table (2): Chemical and biochemical analysies of seaweed extract according to UAD ® Company, during 
2014 and 2015 seasons. 

Organic component Growth regulators Macro and micro elements 

Alganic acid 5% IAA 0.03% Organic N 1% 
Oligo saccharides 3% Cytokinins 0.025% P20s 0.5% 
Manito I 0.001% K20 12% 

Zeatin 0.003% Fe 0.2% 
Betaines 0.02% Zn 3 % 

Mn 1% 
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Table (3): The physical and chemical properties of the soil under study. 

Physical properties 

Clay Silt I Sand I Texure I FC(%) I WP(%) 

52.44 23.09 I 24.64 I Clay I 37.13 I 21.9 
Chemical properties 

E.C pH Cation meqll 
Mmohs/cm3 ca++ I Mg++ I Na+ 

0.62 8.10 2.58 I 0.65 I 2.04 

Data recorded: 
A. Plant characteristics: Ten plants of green bean 

from each treatment were randomly taken at 65 
days after sowing to measure plant height and 
the number of leaves as physical characteristics. 
In addition, chemical constituents in the leaf 
such as total chlorophyll were determined 
according to Lichtenthaler (1987) and the total 
proline content was determined according to 
Bates et al. (1973). 

B. Pod characteristics: pods were harvested after 
reaching the marketable stage and samples were 
taken from each treatment to determine the 
physical characteristics including pod fresh 
weight and length. Also, chemical constituents in 
pods mainly total chlorophyll was determined 
according to Lichtenthaler (1987) and ascorbic 
acid, total protein, nitrogen, phosphorus and 
potassium contents were determined by the 
method published in A.O.A.C (2005). 

C.Yield: The pods were harvested from the 
beginning of the harvesting stage till the end of 
the growing season where the total yield as 
weight and the number of pods per plant were 
recorded. 

D. Water relations including water saturation 
deficit were calculated according to Catasky 
(1963), relative water content was calculated 
according to Korkmaz et al. (20 10) and water 
use efficiency was calculated according to 
Srinivas et al. (1989). 

Data were subjected to statistical analysis using 
the analysis of variance methods and the means of 
treatments were compared by using the Least 
Significant Different (L.S.D) at 5% level of 
probability according to Snedecor and Cochran 
(1980). 

3. RESULTS 
3.1. Plant characteristics 
3.1.1. Physical characteristics 
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Anion meq/1 
K+ Co3-- I Hco3- I cr I So4--

0.93 0 I 1.77 I 2.17 I 2.26 

The effect of the different irrigation water 
levels, seaweed concentrations and their 
interaction on the plant physical characteristics of 
green bean (Table 4) showed that there was 
significant increase in the values of plant height 
and the number of leaves with the rise of irrigation 
water levels up to 100 % of Etc compared with the 
level of 60 %. With respect to the effect of 
seaweed concentrations, it was found that plant 
height and the number of leaves significantly 
increased by using seaweed concentration of 800 
ppm as compared with the untreated plants. The 
interaction among treatments reflected that the 
highest significant values of plant height and the 
number of leaves were observed from using the 
irrigation level at 100% of Etc and the seaweed 
application of 800 ppm, whereas the lowest one 
exerted from the level of 60% of Etc and the 
untreated plants with the seaweed. 

The effect of the different irrigation water 
levels, seaweed concentrations and their 
interaction on the plant physical characteristics of 
green bean (Table 4) showed that there was a 
significant increase in the values of plant height 
and the number of leaves with the rise of irrigation 
water levels up to 100 % of Etc compared with the 
level of 60 %. With respect to the effect of 
seaweed concentrations, it was found that plant 
height and the number of leaves significantly 
increased by using seaweed concentration of 800 
ppm as compared with the untreated plants. The 
interaction among treatments reflected that the 
highest significant values of plant height and 
number of leaves were observed from using the 
irrigation level at 100% of Etc and the seaweed 
application of 800 ppm, whereas the lowest one 
exerted from the level of 60% of Etc and the 
untreated plants with the seaweed. 
3.1.2. Chemical constituents 

The results of the leaf total chlorophyll content 
obtained from the irrigation water at the 
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Table (4): Effect of the different irrigation water levels, seaweed concentrations and their interaction on the plant 
h . I h f b d . h tw f 2014 d 2015 pltYSICa c aractenst1cs o green ean urmg t e o seasons o an 

Irrigation Seaweed extract Plant height (em) Number of leaves 
levels(%) concentrations (ppm) 2014 

season 
60 Control 40.34 

400 42.00 
600 45.70 
800 49.00 

Mean 44.26 
80 Control 51.40 

400 53.32 
600 55.00 
800 57.65 

Mean 54.34 
100 Control 58.29 

400 60.00 
600 62.00 
800 66.66 

Mean 61.74 
MeanSWE Control 50.01 

concentrations 400 51.80 
600 54.22 
800 57.77 

L.S.D at5% Irrigation levels 2.59 

SWE concentrations 3.25 
Irrigation X SWE 4.45 

different levels, the foliar spray with the different 
concentrations of seaweed extract and their 
interaction (Table 5) exhibited that the total 
chlorophyll content in the leaf increased with the 
increase of irrigation water levels from 60% and to 
100% of Etc but the difference resulted from using 
80% and100% did not reach significance. On the 
other hand, the total chlorophyll content in the leaf 
significantly increased with the increase in the 
tested applications of seaweed extract from 400 
ppm till 800 ppm. The interaction effect between 
irrigation water levels and seaweed concentrations 
showed that the highest total chlorophyll content 
resulted from the plants irrigated with the levels at 
80% and 100% of Etc and sprayed with 800 ppm 
seaweed, while the least significant one resulted 
from using the irrigation level at 60% of Etc in the 
control treatment of seaweed extract. 
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2015 2014 2015 
season season season 
43.65 16.00 16.70 
46.66 17.59 18.00 
49.31 19.33 20.00 
52.40 21.00 21.30 
48.00 18.50 19.00 
53.66 24.00 23.67 
56.34 26.66 25.32 
58.33 27.00 26.66 
61.00 30.00 28.00 
57.34 26.92 25.91 
62.33 32.00 30.66 
63.00 34.00 33.00 
65.00 37.00 36.00 
69.01 38.65 37.66 
64.83 35.42 34.33 
53.22 24.00 23.67 
55.30 26.08 25.45 
57.55 27.80 27.60 
60.80 29.88 29.00 
3.00 1.08 1.01 

3.19 1.40 1.32 
3.85 1.57 1.41 

Concerning the effect of the different irrigation 
levels, concentrations of seaweed extract and their 
interaction on the leaf content of proline (Table 5) 
indicated that proline content significantly 
increased with using the irrigation level at 60% of 
Etc when comparing with the levels at 80% and 
100%. At the same time, the data indicated that the 
increase of the applied concentrations of seaweed 
extract as a foliar application helps to increase the 
accumulation of proline. The interaction between 
irrigation water levels and seaweed concentrations 
reflected that the highest significant value of 
proline content happened in the irrigation level at 
60% of Etc and the treated plants with the seaweed 
extract of 800 ppm, while the lowest value 
appeared in the plants subjected under the 
irrigation level at 1 00% of Etc and untreated with 
seaweed extract. 
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Table (5): Effect of the different irrigation water levels, seaweed concentrations and their interaction on the 
I t h . I tit t f b d . th tw f 2014 d 2015 p1an c em1ca cons uen so green ean urmg e o seasons o an 

Irrigation levels Seaweed extract Total chlorophyll (mg!l. f.w.) Proline (mg/g. f.w.) 
(%) concentration (ppm) 2014 season 
60 Control 82.96 

400 85.11 
600 90.19 
800 95.89 

Mean 88.54 

80 Control 84.43 

400 90.83 
600 95.87 
800 102.65 

Mean 93.44 

100 Control 90.04 

400 93.37 
600 99.10 
800 103.45 

Mean 96.49 

MeanSWE Control 86.94 
concentrations 400 89.77 

600 95.05 
800 100.66 

L.S.D at5% Irrigation levels 3.11 

SWE concentrations 3.59 
Irrigation X SWE 4.22 

3.2. Pod characteristics 
3.2.1. Physical characteristics 

The obtained data about the effect of the 
various irrigation levels, seaweed concentrations 
and their interaction on the studied pod physical 
characteristic (Table 6) clear that increasing the 
irrigation levels up to 100% of Etc gave significant 
increases in pod weight and length. Concerning 
the foliar application of seaweed extract, the data 
showed that the pod physical characteristics 
significantly increased by increasing seaweed 
concentrations up to 800 ppm. In other words, the 
highest values in the pod physical characteristic 
detected from using the 100% irrigation level of 
Etc and the seaweed concentration of 800 ppm, 
meanwhile the lowest one was exerted from 
irrigation with the level 60% of Etc and the control 
treatment of seaweed extract. 
3.2.2. Chemical constituents 

The data concerning the effect of the different 
irrigation levels, concentrations of seaweed extract 
and their interaction on pod total chlorophyll 
content (Table 7) indicated that pod total 
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2015 season 2014 season 2015 season 
89.88 0.59 0.80 

92.93 0.60 0.82 
98.61 0.61 0.83 
100.82 0.67 0.89 
95.56 0.62 0.84 

91.94 0.51 0.65 

94.76 0.53 0.68 
101.74 0.54 0.70 
106.75 0.56 0.74 
98.79 0.53 0.69 

92.42 0.32 0.49 

96.48 0.34 0.50 
102.75 0.35 0.53 
106.91 0.37 0.56 
99.64 0.35 0.52 

91.41 0.47 0.64 

94.72 0.49 0.69 
101.03 0.51 0.73 
104.82 0.53 0.67 

1.08 0.02 0.01 

2.05 0.02 0.02 
3.56 0.04 0.03 

chlorophyll content was significantly increased as 
affected by the level irrigation at 100% of Etc 
compared with the other levels. On the other hand, 
total chlorophyll content in the pods significantly 
increased with spraying of the plants with the 
seaweed concentration of 800 ppm. The 
interaction between irrigation water levels and 
seaweed concentrations showed that the highest 
total chlorophyll content exerted from using the 
irrigation level at 100% of Etc and the 
concentration of 800 ppm seaweed extract while 
the lowest significant one was obtained from using 
the irrigation level at 60 % of Etc in the control 
treatment of seaweed extract. 

Regarding the content of ascorbic acid in the 
pods (Table 7), the results reflected a significant 
increase in the content of ascorbic acid came from 
using the irrigation level at 60% of Etc after which 
there was decreased with every increase in the 
irrigation levels up to 100%. Evidences from 
seaweed extract concentrations indicated that this 
content significantly increased with the increase in 
the applied concentrations of seaweed extract up 
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Table (6): Effect of the different irrigation water levels, seaweed concentrations and their 
interaction on the pod physical characteristics of green bean during the two seasons of 
2014 and 2015. 

Irrigation levels Seaweed extract Pod weight (g) Pod len th (em) 
(%) concentrations (ppm) 2014 2015 2014 2015 

season season season season 
60 Control 4.08 

400 4.20 
600 4.65 
800 4.82 

Mean 4.44 
80 Control 4.81 

400 4.95 
600 5.37 
800 5.65 

Mean 5.20 
100 Control 4.95 

400 5.29 
600 5.52 
800 5.75 

Mean 5.37 
MeanSWE Control 4.61 

concentrations 400 4.81 
600 5.19 
800 5.40 

L.S.D at5% Irrigation levels 0.03 
SWE concentrations 0.06 

Irrigation X SWE 0.08 

to 800 ppm. Hence, the best results in the content 
of ascorbic acid in pod was achieved from using 
the irrigation level at 60% of Etc in the plants 
sprayed with the concentration of 800 ppm 
seaweed extract and the opposite was true from 
using the irrigation level at 100% of Etc and 
unsprayed plants with seaweed extract. 

With respect to the effect of the different 
irrigation levels, concentrations of seaweed extract 
and their interaction on the protein and N, P and 
K contents in the pod (Tables 7 and 8) indicated 
that there was a significant increase in the pod 
protein and N, P and K contents with the increase 
of the irrigation levels up to 100% of Etc . The 
data of the foliar application of seaweed extract 
exhibited that the protein, N, P and K contents 
increased with the increase in the applications of 
seaweed extract from 400 ppm till 800 ppm. Also 
the obtained results cleared that the highest 
contents of protein, N, P and K resulted from 
plants irrigated with the 100% of Etc and sprayed 
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3.98 10.16 9.97 
4.18 10.80 10.50 
4.45 11.43 10.80 
5.00 11.80 11.20 
4.38 11.05 10.62 
4.90 11.70 11.53 
5.15 11.93 11.83 
5.50 12.16 12.20 
5.60 12.41 12.60 
5.30 12.05 12.04 
5.12 12.10 12.73 
5.33 12.20 13.00 
5.48 12.75 13.36 
5.65 13.01 13.93 
5.39 12.51 13.25 
4.66 11.32 11.41 
4.89 11.70 11.78 
5.14 11.93 12.12 
5.42 12.41 12.58 
0.03 0.12 0.17 
0.05 0.15 0.20 
0.10 0.20 0.35 

with 800 ppm seaweed, while the lowest one 
resulted from using the irrigation level at 60 % of 
Etc in the control treatment of seaweed extract. 
3.3.Yield 

The results of the irrigation water with the 
different levels, foliar spray with the different 
concentrations of seaweed extract and their 
interaction on the total yield of pods per plant 
(Table 9) clear that the total yield as weight 
and number increased by the increase of irrigation 
levels up to 100% of Etc in spite of the non
significant differences occurred between the two 
levels of 80% and 1 00% of Etc. On the other side, 
the total yield (as weight and number) significantly 
increased with the increase in the tested 
applications of seaweed extract from 400 ppm till 
800 ppm. In other words, the highest total yield 
(as weight and number) resulted from the plants 
exposed to the levels of 80% and 100% of Etc and 
sprayed with 800 ppm seaweed, while the lowest 
one resulted from the irrigation level at 60 of Etc 
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Table (7): Effect of the different irrigation water levels, seaweed concentrations and their interaction on 
the pod contents of total chlorophyll, ascorbic acid and protein during the two seasons of 
2014 and 2015 

Irrigation Seaweed extract Total chlorophyll 
levels concentrations (mg/1 f.w) 
(%) (ppm) 

2014 2015 
season season 

60 Control 60.46 
400 64.13 
600 66.62 
800 68.58 

Mean 64.95 
80 Control 55.21 

400 57.17 
600 59.70 
800 62.56 

Mean 58.65 
100 Control 57.88 

400 61.72 
600 64.62 
800 67.14 

Mean 62.84 
MeanSWE Control 57.85 

concentrations 400 61.01 
600 63.63 
800 66.09 

L.S.D at5% Irrigation levels 1.36 
SWE 1.57 

concentrations 
Irrigation X 2.02 

SWE 

in the control treatment of seaweed extract. 
3.4. Water relations 

62.43 
65.50 
69.55 
71.05 
67.14 
57.97 
60.06 
63.35 
65.00 
61.59 
60.00 
63.51 
65.15 
68.48 
58.65 
60.14 
63.02 
66.02 
68.18 
0.85 
0.99 

1.71 

The changes in water saturation deficit due to 
the irrigation with the different levels, foliar spray 
with the different concentrations of seaweed 
extract and their interaction (Table 1 0) showed 
that water saturation deficit significantly decreased 
with every increase in the irrigation water levels. 
In the other view, the plants treated with seaweed 
extract concentrations up to 800 ppm had 
significant decrease in water saturation deficit as 
compared with the control treatment. The effect of 
the interaction between the various irrigation water 
levels and seaweed concentrations confirm that the 
highest significant value of water saturation deficit 
was obtained from applying the 60 % level of Etc 
in the untreated plant with seaweed extract, while 
the least one came from irrigation with the level 
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Ascorbic acid Total Protein 
(mg/100 g f.w) 

(mg/g d.w.) 

2014 2015 2014 2015 
season season season season 
25.50 26.88 10.2 11.9 
27.30 27.94 11.6 14.0 
28.19 30.12 13.1 15.9 
30.00 32.82 14.4 16.8 
27.75 29.44 12.3 14.5 
23.28 25.19 11.9 13.3 
25.50 26.71 14.0 16.0 
27.10 28.03 15.6 17.9 
28.50 30.12 17.0 19.7 
26.09 27.51 14.6 16.7 
20.00 22.24 13.5 15.6 
23.12 24.46 15.8 17.7 
25.36 26.48 17.2 19.9 
26.71 28.31 18.9 21.7 
23.80 25.37 16.4 18.3 
22.92 24.77 11.8 13.6 
25.31 26.37 13.8 15.9 
26.88 28.21 15.3 17.8 
28.40 30.42 16.8 19.4 
0.49 0.30 0.22 0.29 
0.56 0.34 0.39 0.40 

0.98 0.60 0.52 0.61 

atl 00% of Etc and foliar spray with seaweed 
extract at 800 ppm. 

The relative water content in the leaf was 
affected by the different irrigation levels, 
concentrations of seaweed extract and their 
interaction (Table 1 0). Therefore, the results 
indicated that the relative water content 
significantly increased as the levels of irrigation 
water increased till 100% of Etc. Neglecting the 
effect of irrigation water levels, the relative water 
content significantly increased with the application 
of seaweed extract at 800 ppm when compared 
with the control treatment. The relation between 
the different irrigation water levels and seaweed 
concentrations reflected that the plants irrigated 
with the irrigation level at 100% of Etc and 
sprayed with the concentration of 800 ppm 
seaweed extract led to the highest value in the 
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Table (8): Effect of the different irrigation water levels, seaweed concenrations and their interaction on the 
pod contents of total nitrogen, phosphorus and potassium during the two seasons of 2014 and 
2015 

Irrigation Seaweed extract Total nitrogen 
levels(%) concentrations (g/100g .d.w) 

(ppm) 2014 2015 
season season 

60 Control 0.16 0.19 

400 0.18 0.22 

600 0.21 0.25 

800 0.23 0.27 

Mean 0.19 0.23 

80 Control 0.19 0.21 

400 0.22 0.26 

600 0.25 0.28 

800 0.26 0.31 

Mean 0.23 0.27 

100 Control 0.21 0.25 

400 0.25 0.28 

600 0.27 0.32 

800 0.30 0.34 

Mean 0.26 0.30 

MeanSWE Control 0.19 0.22 
concentrations 

400 0.22 0.25 

600 0.25 0.28 

800 0.27 0.31 

L.S.D at5% Irrigation levels 0.01 0.01 

SWE 0.01 0.01 
concentrations 

Irrigation X 0.01 0.01 
SWE 

relative water content and the opposite was true 
from using 60% level of Etc and unsprayed plants 
with seaweed extract. 

The results established from the effect of the 
different irrigation levels, concentrations of 
seaweed extract and their interaction on water use 
efficiency (Table. I 0) showed that there was a 
significant increase in water use efficiency with 
the increase in the irrigation levels up to 80% of 
Etc after which a significant decrease happened in 
the level of 100%. The view of the concentration 
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Phosphorus Potassium 
(g/100g .d.w) (g/100g .d.w) 

2014 2015 2014 2015 
season season season season 

0.21 0.23 0.25 0.27 

0.25 0.27 0.29 0.31 

0.28 0.29 0.37 0.36 

0.32 0.32 0.38 0.41 

0.27 0.28 0.32 0.34 

0.24 0.25 0.27 0.33 

0.28 0.29 0.32 0.38 

0.30 0.34 0.37 0.43 

0.34 0.37 0.42 0.46 

0.29 0.31 0.35 0.40 

0.26 0.29 0.32 0.36 

0.30 0.35 0.37 0.42 

0.34 0.38 0.42 0.46 

0.36 0.42 0.46 0.50 

0.32 0.36 0.40 0.43 

0.23 0.26 0.28 0.32 

0.28 0.30 0.33 0.37 

0.31 0.33 0.39 0.42 

0.34 0.38 0.42 0.46 

0.01 0.01 0.01 0.01 

0.01 0.01 0.02 0.01 

0.01 0.01 0.03 0.01 

of seaweed extract indicated that water use 
efficiency increased with the increase in the 
applications of seaweed extract 800 ppm. Another 
picture caught from the obtained results cleared 
that the highest values of water use efficiency 
resulted from using the 80% level of Etc and the 
concentration of 800 ppm seaweed extract, while 
the lowest significant one resulted from using the 
irrigation 60 % level of Etc in the control 
treatment of seaweed extract. 
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Table (9): Effect of the different irrigation water levels, seaweed concentrations and 
their interaction on the total yield as weight and the number per plant 
d . h f2014 d 2015 urm2 t e two seasons o an 

\. 
Irrigation Seaweed extract Total yield in weight Total yield in number 

levels concentrations /plant (g) /plant 
(%) (ppm) 2013-2014 2014-2015 2013-2014 2014-2015 

season season season season 

60 Control 63.36 59.70 15.53 15.00 

400 69.30 69.88 16.50 16.72 

600 82.67 81.88 17.70 18.40 

800 95.43 100.00 19.80 20.00 

Mean 77.69 77.86 17.38 17.53 

80 Control 96.20 107.8 20.00 22.00 

400 113.85 123.6 23.00 24.00 

600 128.88 139.09 24.00 25.29 

800 150.29 145.60 26.60 26.00 

Mean 122.30 129.02 23.40 24.42 

100 Control 111.07 117.76 22.44 23.00 

400 123.94 129.57 23.43 24.31 

600 133.03 140.28 24.10 25.60 

800 157.66 154.25 27.42 27.30 

Mean 131.42 133.28 24.34 25.05 

MeanSWE Control 90.21 95.10 19.32 20.00 
concentrati 

ODS 400 102.40 107.68 20.97 21.67 

600 114.86 120.42 21.93 23.09 

800 134.46 134.10 24.60 24.57 

L.S.D at Irrigation levels 9.30 7.34 0.96 0.78 
5% 

SWE 10.95 9.00 1.11 0.90 
concentrations 

Irrigation X SWE 11.24 10.81 1.92 1.56 
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Table (10): Effect of the different irrigation water levels, seaweed concentrations and 
their interaction on water saturation deficit, relative water content and water 

ffi . d . th tw f2014 d 2015 use e ICiency urmg e o seasons o an . 
Irrigation Seaweed extract Water saturation 

levels concentrations deficit(%) 
(%) (ppm) 2014 2015 

season season 
60 Control 26.39 28.94 

400 25.59 27.82 
600 23.95 26.11 
800 22.84 24.74 

Mean 24.69 26.91 
80 Control 22.40 24.34 

400 21.14 23.64 
600 19.85 22.34 
800 19.21 21.28 

Mean 20.65 22.92 
100 Control 18.58 17.28 

400 16.88 15.04 
600 14.60 13.36 
800 12.22 11.56 

Mean 15.57 14.31 
Mean Control 22.25 23.52 
SWE 400 21.20 22.16 

concentrat 600 19.46 20.60 
ions 800 18.09 19.19 

L.S.D at Irrigation levels 0.94 0.67 
5% SWE 1.09 0.78 

concentrations 
Irrigation X 1.89 1.55 

SWE 

4. DISCUSSION 
Before the discussion of the obtained results of 

this experiment, it is worthy to say that the prime 
consideration of this paper is to evaluate the effect 
of different irrigation water levels, the foliar spray 
with seaweed extract concentrations and their 
interaction on green bean plants to determine the 
most proper irrigation water level and the suitable 
seaweed concentration that gives the maximum 
pod yield with good quality. To discuss the 
changes in the tested characteristics of green bean 
plant, it is clear that the physical parameters of 
plant and pod such as plant height and the number 
of leaves and pod weight and length increased 
with the increase of irrigation levels up to 100% at 
Etc. In addition, the highest total yield in weight 
and in the number resulted from the plants 
exposed to the levels of 80% and 100% from Etc. 
These results may suggest that increasing applied 
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Relative water Water use 
content(%) efficiency (kg/m3

) 

2014 2015 2014 2015 
season season season season 
73.61 74.06 1.66 1.65 
74.41 75.18 1.82 1.94 
76.05 75.89 2.17 2.27 
77.16 78.29 2.51 2.77 
75.31 76.09 2.04 2.16 
77.60 78.66 1.92 2.29 
78.86 79.36 2.27 2.62 
80.15 80.66 2.57 2.95 
80.79 81.64 3.01 3.09 
79.35 80.08 2.45 2.73 
79.74 81.72 1.76 1.96 
80.72 82.96 1.97 2.15 
82.42 83.64 2.11 2.33 
84.12 86.44 2.50 2.57 
81.75 83.69 2.08 2.25 
76.98 78.15 1.78 1.96 
77.99 79.17 2.02 2.23 
79.54 80.40 2.46 2.51 
80.69 82.11 2.67 1.95 
0.75 1.00 0.06 0.04 
0.82 1.21 0.09 0.07 

1.01 1.62 0.12 0.10 

irrigation water up to the optimum irrigation water 
level to green bean plants led to maintenance of 
moisture content in the root zone at low tension 
and this ensured adequate soil water, air and 
nutrients throughout the plant growth periods. 
Hence, the availability of moisture in the soil 
created good conditions for increasing the mobility 
of nutrients in the soil and consequently increased 
the minerals uptake by plant and increasing 
carbohydrates assimilation which led to the 
increase in the vegetative growth (Ezzo et al., 
2010) and pod parameters (El-Nemr, 2006).The 
other view 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 tum might affect all 
morphological parameters of the growing plants 
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and much for increasing in the pod 
characteristics and quality (Mahmoud, 2000). 

Concerning the changes occurred in the 
chemical characteristics, it is obvious that the leaf 
and pod total chlorophyll content was increased as 
the amount of water increased from 80% to 100% 
of Etc . These results may be related to the use of 
the suitable irrigation water level which inhibit 
chlorophyll enzymes activity (Abd El-Dayem et 
al., 2015). The present study showed that leaf 
proline content in the plants subjected to the 
irrigation water level of 60% was significantly 
higher than the irrigation treatments of 80 % and 
100%. Such increase in proline content with 
drought conditions is one of the defense 
mechanisms to prevent water loss to maintain cell 
turgor and the gradient for water up take into cell . 
These accumulations in cells lead to an increase in 
the osmotic potential and finally resulted in higher 
water uptake capacity roots and water saving in 
the cell (Farooq et al., 2009). 

Regarding the increase in ascorbic acid content 
as a result of using the low level of irrigation of 
60% comparing with the levels of 80% and 100%, 
this result may be attributed to the fact that the 
increase in ascorbic acid under the shortage of 
water is one of the important antioxidants for 
protecting the plant from the detrimental effects of 
drought (Smirnoff, 2005). From the obtained 
results, the increase in the pod protein, P and K 
contents with increasing the irrigation levels up to 
100% of Etc may be attributed to the main role of 
water in increasing the absorption of macro and 
micro nutrients from the soil, the agent of 
translocation of food materials to plant parts and 
the main constituents in photosynthetic process 
which consequently affect the amounts of protein 
synthesis required for cells and tissues formation 
(Abd El-Dayem et al., 2015). 

Concerning the water relations, the obtained 
result of water saturation deficit exerted from the 
irrigation 60% level of Etc was higher than from 
the level of 1 00% . On the other side, the character 
of relative water content was increased with the 
increase in the irrigation levels till 100% while 
these values were decreased by using the level of 
60%. explain these results, it is well known that 
water saturation deficit and relative water content 
are important markers to measure plant water 
status. Hence, the adequate supply of water may 
increase water availability in the root zone 
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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). With respect of the 
water use efficiency, our results showed that the 
highest value of water use efficiency was recorded 
from the irrigation 80% level of Etc and this may 
induce better utilization of soil water reserves 
through the promotion of root growth (Refaie, 
2009). 

The plants irrigated with the different irrigation 
water levels and sprayed with the different 
concentrations of seaweed extract appeared that 
using the irrigation level of 100% and the seaweed 
concentration of 800 ppm had the highest values in 
the physical characteristics of the plant and pod 
such as plant height and number of leaves and 
pods number, weight and length. To discuss this 
trend in the previous results, it can be that spraying 
with the different concentrations of seaweed 
extract promoted plant growth and increased stress 
tolerance. Hence, these results may be due to 
containing seaweed extract to some components 
such as macro- and micro element nutrients, amino 
acids, vitamins, cytokinins and auxins like growth 
substances in which affect cellular metabolism in 
treated plants leading to enhance growth and crop 
yield (Zewail, 2014). 

Concerning the changes in the chemical 
contents of the plant and pod of green bean, the 
results indicated that the leaf and pod total 
chlorophyll content increased with the increase in 
the irrigation levels up to 100% and the foliar 
spray of seaweed extract up to the concentration of 
800 ppm. This increase in the content of 
chlorophyll may be due to the benefit effect of 
seaweed extract in protecting chlorophyll 
degradation which might be caused by betaine and 
betaine-like compounds present in seaweed. In 
plants, betaines serve as a compatible solute that 
alleviates osmotic stress induced by drought stress 
(Khan et al., 2009). Nevertheless, this increase in 
the photosynthetic pigments may be due to the 
presence of magnesium in seaweed extract which 
is the chief constituent for chlorophyll synthesis or 
due to increase in the number and size of the 
chloroplast and better grana development (Ramya 
et al., 2010). Our results refer that the increase in 
proline content of leaf came from the irrigation 
60% level and the treating plant with seaweed 
extract of 800 ppm. Therefore, the accumulation of 
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proline is an indicator of drought and it is one of 
the mechanisms of adaptation to water stress in 
plants (Peleg et al., 2011). 

At the same time, the best results in the content 
of ascorbic acid in pod were achieved from using 
the irrigation 60% level of Etc in the plants 
sprayed with the concentration of 800 ppm 
seaweed extract. This result confirmed the 
important function of seaweed extract in the 
tolerance to water deficit because the application 
of seaweed extract led to increase the activity 
antioxidant enzymes in plant cells which 
scavenges reactive oxygen species. Therefore, 
many researchers have reported that seaweed 
extracts enhance the ascorbate peroxidase 
activities (Ayad, 1998); demonstrating the strong 
antioxidant properties of seaweeds which have 
been correlated to bioactive compounds 
(Meenakshi et al. 2009). Also, it was found that 
seaweed extract stimulate the biosynthesis of 
ascorbic acid in the chloroplast which protect 
photosynthetic apparatus (Zhang and Schmidt, 
2000). The increase in protein, N, P and K 
contents in pods as a result of the irrigation with 
the of level 100% and the concentration of 
seaweed extract of 800 ppm could be attributed to 
the role of seaweed extract in enhancing many 
physiological process such as increase building 
metabolites, enhance cell division, chlorophyll 
accumulation and stimulate dry matter production 
as a result of higher photosynthetic activity and 
consequently increased translocation and 
accumulation of macro and micro elements in 
plant organs (Chhun et al., 2004) and enhanced of 
synthetic protein (Latique et a/.,2013) 

In this respect, the increases of total yield in 
weight and number came from using the irrigation 
levels at 80% and 100% of Etc and the 
concentration of 800 ppm seaweed extract could 
be conducted with the beneficial effect of seaweed 
on increasing vegetative growth characteristics 
(Table 4), number of bods as well as weight of 
bods (Table, 6 and 9) and the chlorophyll 
formation, as well (Table 5). Therefore, under 
these circumstances the translocation of different 
photosynthetic to pods is being maximized 
thereby, increase the pods parameters and yield 
would be expected. 

Regarding the water relations, the result of 
water saturation deficit showed that water 
saturation deficit was reduced from irrigation with 
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the level at 100% of Etc and foliar spray with 
seaweed extract at 800 ppm. On the other hand, 
the plants irrigated with the irrigation 100% level 
of Etc and sprayed with the concentration of 800 
ppm seaweed extract led to the highest value in the 
relative water content. It is well known that water 
saturation deficit and relative water content are 
important parameters to measure plant water 
status. Hence, the beneficial effect of seaweed 
extract in decreasing water saturation deficit and 
increasing relative water content may be due to 
exogenous application of seaweed extract has 
already been shown to promote root growth (Khan 
et al., 2009) and improve water uptake form soil 
thereby enhance leaf water status (Demir et al., 
1999). Also, our results showed that the highest 
value of water use efficiency was exerted from the 
irrigation 80% level of Etc and foliar spray with 
seaweed extract at 800 ppm and this may due to 
the role of seaweed extract in enhancing plant 
growth and increasing yield (Khan et al., 2009). 

In conclusion, this study indicated that seaweed 
extracts applied to green bean plants under the 
different of irrigation water levels improved 
vegetative growth and reduced the water deficit 
effect. Hence, the beneficial effect of seaweed 
extract plausible that the seaweed components 
exhibit synergistic activity in physiological 
responses and stress alleviation. 
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