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ABSTRACT

Maximizing water use efficiency is an urgent need to increase the agricultural production in arid and semi-arid regions. An
experiment was conducted during two successive seasons of 2016 and 2017, to study possibility maximizing water use efficiency for
snap bean via reducing irrigation levels and using different types of mulch. The experiment was executed at the site of Central
Laboratory for Agricultural Climate (CLAC), Agricultural Research Center, Giza, Egypt. Three irrigation levels (60, 80 and 100% of
standard evapotranspiration) and five types of mulch (non-mulch, black plastic, date bunches, palm fiber and rice straw), were applied
on snap beans cv. Paulista. All vegetative growth properties, nutritional status of plants and yield of pods were improved significantly
by increasing irrigation level to 100%. The different types of mulch led to a significant increment in growth, NPK content of plants
and yield of pods compared to non-mulch. The highest yield and quality of pods were produced by irrigation level 60% with black
plastic mulch, irrigation level 80% with palm fiber mulch and irrigation level 100% with mulches of date bunches, palm fiber and rice
straw. Using irrigation level 60% with black plastic mulch recorded the highest efficiency for water use and reducing weed growth.
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1. INTRODUCTION

Water is the most important factor limiting expansion in the production of different crops under arid and semi-arid conditions.
Crop growth, yield and quality are affected by available water in the root zone. It is highly desirable obtain the highest yield using the
lowest possible quantity of water (EI-Noemani et al., 2010 and 2015).Irrigation scheduling technique is very critical to use the drip
irrigation efficiently, because while excess irrigation causes a decrease in the yield, inadequate irrigation also results in a water stress
and a reduction in production (Sezenet al., 2005;0nder et al., 2006). Water content in the root zone is affected not only by the level of
irrigation added to the plants but also by other factors such as evaporation from the soil surface (Sezenet al., 2005;0nder et al., 2006).
Mulch plays an important role in reducing the loss of large quantities of irrigation water by reducing evaporation from the soil surface
(Hatfieldet al., 2001; Bhardwaj, 2013; Komla, 2013; Teame et al., 2017).

Mulch is a protective layer of any material is placed on the soil surface. The major types of mulch are inorganic and organic.
Inorganic mulches include gravel, stone and plastic. Organic mulching uses rice straw, palm leaf, sawdust, sugarcane trash, banana
leaves, plant residues, papers, poultry litter and compost etc. However, black plastic sheet and rice straw have been more common
(Liang et al., 2002; Berglund et al., 2006; Payam et al., 2013). Water conservation and erosion control are the most important
objectives for using mulch particularly in arid and semi-arid regions (Bhardwaj, 2013). Mulching suppresses weed growth (Li et al.,
2004; Kwambe, et al., 2015), reduces water evaporation, thus, more retention of soil moisture and increasing water use efficiency of
crop (Zhan get al., 2005; Chaudhry et al., 2008; Sinkeviciene et al., 2009; Pakdel et al., 2013) and decreases salinity in the root
zone (Bu et al., 2002; Kumar and Lal, 2012). In addition, mulching helps in regulate soil temperature (Liang et al., 2002)by shading
in the summer thus keeping it cooler and helps insulate it in the winter from chilling winds. Temperature regulating encourages the
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root growth of plants. Mulching improves the availability of nutrient absorption of roots(Muhammad et al., 2009; Payam et al.,
2013) and encourages favorable soil microbial activity. All previous benefits improve physical, chemical and biological properties of
soil and ultimately enhance the growth and yield of crops (Khonok et al., 2012).

Beans (Phaseolus vulgaris, L.) are one of the most important leguminous crops in Egypt for local marketing and export. The
cultivated area with snap beans in Egypt is about 59.3 thousand feddans (feddan = 0.42 hectare), produced about 249.4 thousand tons
(Ministry of Agriculture and Land Reclamation, 2015).Green bean cultivation is expanded in the new reclaimed lands in Egypt,
which is characterized as an arid land with limited sources of irrigation water. Therefore, growers have to adopt modern techniques of
cultivation to improve water use efficiency. Water management is a critical factor of bean production (Abdel-Mawgoud, 2006). Plant
growth stages are affected by moisture availability in soil during the growth cycle. Low irrigation level reduced vegetative growth of
plant as shoot weight, leaf area and number of leaves (Mahmoud, 2000; EI-Noemani et al., 2009 on peas and Abdel-Mawgoud,
2006; El-Shawadfy, 2008 on beans). Moreover, increasing irrigation level increased the yield and pod quality of beans (Amer et al.,
2002; Metin et al., 2005, Abdel-Mawgoud, 2006;0Onderet al., 2006;EI-Shawadfy, 2008). EI-Noemani et al.(2010)mentioned that
increasing irrigation level up to 100% of Et, exhibited the highest vegetative growth of bean plants. Meanwhile, the highest yield was
produced using level 80%.

This study aims to evaluate possibility maximizing water use efficiency for snap bean via reducing irrigation levels and using
different types of soil mulch.

2. MATERIALS AND METHODS

The experiment was carried out on snap beans under a greenhouse of white nets at the site of Central Laboratory for
Agricultural Climate (CLAC)at Dokki, Giza Governorate, during two successive seasons of 2016 and 2017.

Plant Material
Seeds of beans cv. Paulistawere sown on 20"of Septemberin the both seasons. The physical and chemical properties of the soil
are shown in Table (1).

Table 1.Analyses of the experimental soil

. EC i i
Clay | silt |sand oH . Cations meg/I Anions meg/I
Texture 1:10 - N R R -
% | % | % 1:25 as/m | €& | Mg™| Na” | K" | HCOy | CI' | SO,

48.4 1423 | 83 Clay 825 | 126 | 280 | 155 | 714|118 | 244 | 6.40 | 3.58

The Experimental Layout

The experiment area was divided into ridges(100 cm width). The seeds were sown at a distance of 30 ¢cm in two rows on the
ridge, three seeds in each placement. Climatic data of air temperature and relative humidity (RH %) were recorded under experiment
conditions by the meteorological station of CLAC during both growing seasons and the date are shown in Table (2).

Table 2. Average air temperature and relative humidity during growing seasons

First season (2016) Second season (2017)
Months Air temperature RH Air temperature RH
Max. °C Min °C (%) Max. °C Min °C (%)
Spt. 33.7 23.3 56.1 33.7 24.5 50.3
Oct. 30.4 21.0 63.9 29.9 20.4 49.0
Nov. 24.8 15.3 58.9 24.7 15.4 57.6
Dec. 20.0 9.0 61.0 22.2 13.9 62.6

Experimental Design

The experiments were arranged in split plot design with four replicates, where the three irrigation levels 60, 80 and 100% of
standard evapotranspiration (ET,) were adapted in the main plots and the five types of mulch (non-mulch, black plastic, date bunches,
palm fiber and rice straw), were randomized in the sub main plots. The plot area was 5 m? (5 m length and 1 m width). Different types
of mulch were placed on the soil surface before sowing the seeds. The date bunches were chopped before use. Both date bunches and
rice straw were used with a thickness of 2 cm (20 L/m? mean3 and 1 kg/m? for date bunches and rice straw respectively), while two
layers of palm fiber (14 L/m? mean 1 kg/m?) were placed on the ridge. The plants were irrigated using drippers of 4 L/hr. capacity.
The mineral fertilizers of NPK were applied at the rates of 60 kg N, 30 kg P,Os and 48 kg K,O/fed., according to recommendations of
Ministry of Agriculture and Land Reclamation (2013). The fertilizers were injected within drip irrigation system. The plants were
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irrigated twice weekly and the time of irrigation depended upon irrigation level for each treatment. Other agricultural practices were
done according to recommendations of Ministry of Agriculture (2010).

Calculation of water requirements and water use efficiency
Data of reference evapotranspiration (ET,) for Dokki distance were obtained from meteorological data of CLAC. The amount
of irrigation water requirement (IR) was calculated according to FAO (1998):
IR(m*/day) =[(ETo* K. * R) + LR]* (area / 1000)
Where:
ET, = reference evapotranspiration (mm/day)
K. = crop coefficient (0.3 to 1)
R = reduction factor resulting by shading plants for soil (0.25 to 0.9)
LR = leaching requirement (assumed 25% of the total applied water)
The irrigation quantities under different irrigation levels for snap bean in the two studied seasons are represented in Table (3).
The water use efficiency (WUE) was calculated according to FAO (1982):
WUE (kg/m®) = Yield (kg) / IR (m®)

Table 3. The irrigation requirements under different irrigation levels for snap bean in both seasons

2016 2017
Week No. Liter / m?/ week Liter / m?/ week

100% 80% 60% 100% 80% 60%

1 3.51 2.81 2.11 3.12 2.50 1.87

2 5.27 421 3.16 5.20 416 3.12

3 8.72 6.98 5.23 8.56 6.85 5.14

4 12.99 10.40 7.80 11.62 9.29 6.97

5 9.65 7.72 5.79 10.11 8.09 6.06

6 8.48 6.78 5.09 8.65 6.92 5.19

7 9.19 7.35 5.51 9.76 7.81 5.86

8 8.58 6.87 5.15 10.32 8.25 6.19

9 8.45 6.76 5.07 9.80 7.84 5.88

10 7.21 5.77 4,33 6.86 5.49 412

11 5.46 437 3.28 7.42 5.94 4.45

12 4,04 3.23 2.43 4.36 3.49 2.61
Total 91.55 73.24 54.93 95.76 76.61 57.46

Data Recorded

Soil measurements
Soil moisture (20 cm depth) was measured before irrigation directly to determine the moisture retention weekly by using soil
moisture meter. Soil temperature (5 cm depth) was measured weekly in the next day for irrigation using soil thermometer.

Plant measurements

Growth and nutritional status

At the fruit set stage, after 45 days from sowing, three plants were randomly taken from each plot to measure plant height, leaf
number and fresh shoot weight of plant. In addition, chlorophyll reading was measured in the third upper leaf using Minolta
Chlorophyll Meter Spad 501. Nutrient content (NPK) in bean plants were determined in the third upper leaf according to the procedure
described by FAO (2008).Total nitrogen was determined by Kjeldahl method, phosphorus was determined using Spectrophotometer
and potassium was determined photo-metrically using Flame photometer.

Yield and quality characters of pods

After 60 days from sowing, the pods were harvested weekly four times. Total yield was recorded per plot after each harvesting
accumulatively until the end of harvesting season. Five plants from each replicate were randomly chosen to measure number of pods
per plant. Ten pods from each replicate were randomly chosen to measure length, diameter and weight of pod.
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Weed measurements

Weeds were removed by hand at two weeks interval. Total fresh weight of weeds was recorded every two weeks cumulatively
until the end of season.

Statistical analysis

Data of the two seasons were arranged and statistically analyzed by the analysis of variances according to Snedecor and
Cochran (1980) with SAS software, version 2004. Treatment means was compared by Tukey test at significance level 0.05.

3. RESULTS AND DISCUSSION

Soil moisture

Effects of irrigation levels and mulch types on soil moisture content in both seasons are shown in Fig. (1). Increasing irrigation
level increased soil moisture content, conversely, reducing irrigation level reduced soil moisture content. All mulch types increased
moisture content of soil compared to non-mulch soil. The highest values of soil moisture were obtained using irrigation level 100%
with black plastic mulch; irrigation level 100% with palm fiber mulch came in the second order. Irrigation level 60% with non-mulch
gave the lowest moisture content. These results may be due to that using mulching decrease the evaporation rate from soil surface and
led to increase the soil moisture content(Hatfield et al., 2001;Bhardwaj, 2013; Komla, 2013;Kwambeet al., 2015;Teame et al.,
2017).
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Fig. 1. Effect of irrigation levels and mulch types on soil moisture content in both seasons.
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Soil temperature

Fig. (2)illustrates the effects of irrigation levels and mulch types on soil temperature in the two growing seasons. Different
levels of irrigation did not show clear differences in soil temperature. Different types of mulch raised soil temperature compared to
non-mulch soil. Black plastic mulch recorded highest values of soil temperature; palm fiber mulch came in the second order, followed
by mulches of date bunches and rice straw. The lowest values of soil temperature resulted by non-mulch soil. These results can be
attributed to that using black plastic and organic mulches decrease heat release from the soil compared to non-mulch soil. Besides,
organic mulches increase biological activity in the soil, which helps raise the soil temperature. These results are in agreement with
those of Liang et al. (2002), Chaudhry et al. (2008), Sinkeviciene et al. (2009), Pakdel et al. (2013), Payam et al. (2013)and
Alharbi (2015).

First season 2016

Soil temperature °C

[
g
i
i
g
v
#:
g
g
B
i
#:
g
g
i
y:
A

AR RSN NN LT TR LN RN
i y
T

S 2 S e e e e

e ™Y
b e M T e T R S e T e S

Dec. ‘ Oct.

Nov.
60% IR l 80% IR L 100% IR ‘
ONon-mulch  ®Black plastic  BDate bunches  @Palm fiber  ORice straw

Second season 2017

35.00
30.00 15
;EE‘ ,
O 25.00 1 .
5 A ! g A me
520.00- Eg: — E ’ 4:530s
P : 1 i
21500- B - gs E: i
§10.00- E - E E; E :
jl gl o
‘ A ‘ | TR

Dec. Oct.

@Non-mulch ~ @Black plastic  BDate bunches  BPalm fiber  ORice straw

Fig. 2. Effect of irrigation levels and mulch types on soil temperature in both seasons.
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Vegetative properties

Data found in Table(4 and 5) show the effect of irrigation levels and mulch types on vegetative growth properties of snap bean
plants. In both seasons, all vegetative growth properties were increased significantly by increasing irrigation level to 100%, except
chlorophyll reading, where no significant differences between irrigation levels 100 and 80%. The positive effect of increasing irrigation
level up to 100% on vegetative growth properties could be explained as a result of promoting the division and elongation of cells
which need more water supplies (Hammad,1991; Mahmoud, 2000).These results are accordance with those obtained byAbdel-
Mawgoud(2006), El-Shawadfy(2008), EI-Noemani et al.(2010 and 2015).

Table 4. Effect of irrigation levels and mulch types on vegetative growth properties of snap bean plants in both seasons.
First season 2016 | Second season 2017
Irrigation level
60% [ 80% [ 100% | Mean [ 60% | 80% 100% | Mean
Plant height (cm)
Non-mulch |40.16 h (42.07 g [43.95f |42.06 D |4517e |47.64d |50.71c |(47.84D
Black plastic [48.40 ab |47.93 bc |47.27 d |47.87 A |[57.10 a |55.97 ab |54.34 b |55.80 A
Date bunches (42.34 g [44.56 ef |48.87 a |45.26 C |4850d |51.74c |56.84a |[5236C
Palm fiber 44.49 ef |48.57 ab |47.57 cd |46.87 B [51.89 ¢ |56.93a |54.83 ab |54.88 B
Rice straw 4217 g |44.90 ef |4881 a (4529 C [48.27d |[51.47c |56.77a |5217C
Mean 4351 C |45.60 B |47.29 A 50.19 C |52.75 B [54.70 A
Leaf number/plant
Non-mulch |14.00 h [16.50 fg [17.75 ef |16.08 C | 1550 g | 18.75 f | 19.75 def| 18.00 C
Black plastic |22.38 a [19.25 cd [20.25 bc |20.63 A | 25.25 ab | 22.25 cd | 23.50 bc | 23.67 A
Date bunches [16.63 fg |17.77 ef |22.25a |18.88 B | 19.50 ef | 20.50 def| 26.75 a |22.25 B
Palm fiber 18.25 de [22.50 a [20.88 b |20.54 A | 22.00 cde| 26.50 a | 24.50 abc| 24.33 A
Rice straw 16.25 g [17.75ef [2225a |18.75 B |19.00 f | 20.50 def| 26.50 a |22.00 B
Mean 17.50 C [18.75 B [20.68 A 20.25 C (2170 B |24.20 A
Means followed in same column by similar letters are not statistically different at 0.05 levels according to Tukey test.

Mulch
types

Table 5. Continued effect of irrigation levels and mulch types on vegetative growth properties of snap bean plants in
both seasons.
First season 2016 | Second season 2017

Mulch Irrigation level
types 60% | 80% | 100% | Mean | 60% [ 80% 100% Mean
Plant fresh weight (gm)
Non-mulch [35.00i [41.25h |44.38fg [40.21 C 41259 | 46.87f | 50.15e | 46.09 C
Black plastic [ 55.94 a |[48.63 de |50.63 cd |51.73 A | 64.90 ab| 55.78 ¢ | 57.75 ¢ | 59.48 A
Date bunches | 43.00 gh | 44.80 fg [55.63 ab [47.81 B | 50.31 e | 52.41 de| 65.08 a | 55.94 B
Palm fiber 46.88 ef [56.25 a |52.88 bc | 52.00 A | 54.85 cd| 65.66 a | 61.87 b | 60.79 A
Rice straw 42.63 gh [ 44.50 fg |55.63 ab | 47.58 B | 49.87 ef | 52.07 de| 65.08 a | 55.67 B
Mean 4469 C [47.08 B |51.83 A 5224 C| 5456 B | 59.99 A
Chlorophyll
Non-mulch [33.35c¢ (3513 b |3553b |3467B |3386c | 3625b | 36.28b | 35.46 B
Black plastic | 37.50 a |36.00 ab {3550 b [36.33 A |[38.70a | 37.15ab| 36.32b | 37.39 A
Date bunches | 35.50 b | 36.50 ab [37.50a [36.50 A | 36.30 b | 37.67 ab| 38.36 a | 37.44 A
Palm fiber 36.50 ab | 37.50 a [36.00 ab [ 36.67 A | 37.85ab| 38.70 a | 37.12 ab| 37.89 A
Rice straw 35.13 b |36.50 ab [37.50a [36.38 A | 36.04b | 37.67 ab| 38.36a | 37.35 A
Mean 35.60 B |36.33 A [36.41 A 3655B | 3749 A 37.29 A
Means followed in same column by similar letters are not statistically different at 0.05 levels according to Tukey test.

All mulch treatments increased the vegetative parameters of plants compared to non-mulch treatment. The highest values of
vegetative parameters produced by black plastic mulch without significant differences with palm fiber mulch in leaf number and plant
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fresh weight. No significant differences found in chlorophyll reading among all mulch types. The superiority of all mulch treatments
can be attributed to that mulch maintains soil moisture, regulates soil temperature and reduces salinity in the root zone, which provide
ideal conditions for the roots to absorb water and nutrients, and improve the vegetative growth of plants (Bu et al., 2002; Liang et al.,
2002; Khonok et al., 2012; Kumar and Lal, 2012; Bhardwaj, 2013).

Regarding the interaction between irrigation levels and mulch treatments, the highest values of plant growth resulted from
irrigation level 100% with mulches of date bunches and rice straw, irrigation level 80% with palm fiber and irrigation level 60% with
black plastic mulch. This was probably because of trapped moisture and the warmth under the plastic mulch, which provided favorable
conditions for nutrient absorption in the root zone. In the plastic mulch, there was probably less nutrient volatilization thus most of the
time the available nutrients are used for vegetative growth by the plant. These findings are similar to those of Tarara (2009) on tomato
and Kwambe et al. 2015 on green beans.

The nutritional status of plants

Data in Table (6)revealed that the irrigation levels and mulching significantly affected NPK content of bean plants in the two
seasons. The irrigation level of 100% gave the highest values of NPK content of plants followed by irrigation level 80%,while the
lowest NPK content was obtained by irrigation level 60%. The increasing uptake of NPK by 100% irrigation level may be due to the
effect of good soil water content under 100% irrigation level, which increases NPK content of plants (Abdel-Mawgoud, 2006 on
beans Ngouajio et al., 2007 on tomato; Abdrabbo et al., 2009 on cucumber; Hashem et al., 2014 on lettuce).

The different mulch treatments led to the occurrence of a significant increment in NPK content of plants compared to non-
mulch. The highest value of N content resulted from palm fiber mulch, the highest P content obtained by palm fiber and black plastic
mulch, whereas the mulch of palm fiber, date bunches and rice straw gave the highest K content of plants. The good effect of different
mulches on the nutritional status of plants may be due to mulch reduces salinity in the root zone, prevents the loss of nutrients by
volatilization or leaching, as well as mulch reduces the competition of weeds with plants on nutrients and water, which increases the
nutrient absorption by plants (Muhammad et al., 2009; Payam et al., 2013).

Table 6. Effect of irrigation levels and mulch types on nutritional status of snap bean plants in both seasons.

First season | Second season
Mulch Irrigation level
types 60% 80% | 100% | Mean | 60% | 80% | 100% | Mean
N (%)
Non-mulch 270 i 3.09 h 330g | 3.03C 293 i 3.32h 354 ¢ 3.26 C

Black plastic [ 3.91 a 3.58 cde| 3.44 efg| 3.64 B 414 ab| 383 de| 3.67fg| 3.88B
Date bunches | 3.34 fg 364 bc| 395a 3.64 B 3.62fg| 3.92cd | 423 a 3.92B
Palm fiber 347 def | 3.95a 3.75b 3.72 A 3.75ef | 423 a 4.03 bc| 4.00 A
Rice straw 33049 359cd| 393a 3.61B 358 ¢ 387de| 421a 3.89B
Mean 334 C 357B | 367 A 360C | 383B | 3.94A
P (%)
Non 0.313 h 0.358 g (0387 f |0.353 D |0.337h [0.382¢g |0.408f |0.376 C
Black plastic | 0.454 a 0.415 de [0.399 f |0.422 AB | 0.469 a [0.441 cd | 0.422 ef | 0.444 B
Date bunches | 0.387 f 0.423 cd [0.443 ab | 0.418 BC | 0.416 ef [0.451 bc | 0.478 a | 0.449 B
Palm fiber 0.403 ef | 0.443 ab | 0.435 bc | 0.427 A |0.432 de [0.479 a |0.464 ab | 0.458 A
Rice straw 0.387 f 0.419 cd [0.441 ab | 0.416 BC | 0.412 f [0.445cd |0.476 a | 0.445B
Mean 0.389 C 0411 B (0421 A 0.413 C |0.440B |0.450 A
K (%)
Non 248 h 2.66 g 287 f 2.67 C 271 f 29 e 311e 292D
Black plastic | 3.48 a 315cd [ 297 ef | 3.20B 3.71ab| 341d 3.09 e 340C
Date bunches | 2.93 ef 3.28 bc | 3.56 a 325 AB| 344 cd| 342d 3.77ab | 354 B
Palm fiber 3.04 de 352 a 3.32b 3.29 A 352 cd| 3.80a 3.60 bc| 3.64 A
Rice straw 2.91 ef 327bc | 354 a 3.24 AB| 338d | 3.34d 3.75ab| 3.49BC
Mean 297 C 317B | 325 A 3.35B | 3.38 AB| 3.46 A
Means followed in same column by similar letters are not statistically different at 0.05 levels according to Tukey test.

Interaction between irrigation levels and mulch treatments showed significant effect on the nutritional status of plants. The
highest NPK content of plants resulted from irrigation level 100% with mulches of date bunches and rice straw; irrigation level 80%
with palm fiber and irrigation level 60% with black plastic mulch. These results were in harmony with those obtained by Shogren
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(2000), Zhan get al. (2005), Muhammad et al. (2009) and Payam et al. (2013), they reported that using mulch improved crop
response to water and available nutrients in the soil. The differences in NPK content between organic mulches and plastic mulch may
be due to that organic mulches are efficient in reduction of nitrates leaching, improve soil physical properties, supply organic matter,
improve nitrogen balance, release some nutrient to soil, as well as increase biological activity in root zone (Muhammad et al., 2009;
Bhardwaj, 2013; Payam et al., 2013).

Yield of snap bean pods

The results illustrated in Table (7) showed that the yield of pods(yield/m? and pod number/plant), significantly affected by the
treatments of irrigation levels and mulch types in both seasons. The highest yield of pods was obtained with irrigation level
100%.Irrigation level 80% came in the second order. Finally, irrigation level 60% produced the lowest values. The positive effect of
irrigation level 100% on vyield of pods can be explained by the increase of NPK uptake by plants as shown in Table (6), which
improved of vegetative growth. This stimulates photosynthesis in plants, which is reflected on increment of yield. The same results
were reported by Amer et al. (2002), Metin et al. (2005), Abdel-Mawgoud (2006),Onder et al. (2006) and El-Shawadfy (2008).

All mulch treatments increased the yield of pods compared to non-mulch treatment. Both black plastic and palm fiber mulches
produced the highest yield of snap bean pods. The superiority of black plastic and palm fiber mulches can be attributed to the ability in
maintaining soil moisture and reducing weed growth. Hence, providing optimum conditions for nutrient absorption and good plant
growth, which is reflected on yield increment. These results were in line with those obtained by Li et al. (2004), Tarara (2009),
Khonok et al. (2012) and Kwambe et al. (2015).

Interaction between irrigation levels and mulch types, significant effected on yield of snap bean pods. The highest yield were
produced using irrigation level 100% with mulches of date bunches, palm fiber and rice straw, also using irrigation level 80% with
palm fiber and irrigation level 60% with black plastic mulch. Applying irrigation level 60% without mulch gave the lowest yield. This
negative effect can be ascribed to that irrigation level at 60% was not sufficient for plants. Moreover, non-mulch increased water
evaporation and weed growth, which competed with plants for water and nutrients, led to low growth of plants, which is reflected on
the low yield. These results are supported by the studies of Zhan get al. (2005), Sinkeviciene et al. (2009) and Payam et al. (2013).

Table 7. Effect of irrigation levels and mulch types on yield of snap bean pods plants in both seasons.

First season 2016 | Second season 2017

Mulch Irrigation level

types 60% | 80% | 100% | Mean | 60% | 80% | 100% | Mean

Yield (kg/m?)

Non-mulch 084 h| 1.04¢g 1.46 e 111 C 093 f 112 e 155d 1.20 C

Black plastic | 1.79a| 1.71bc| 167cd]| 172 A 191a 1.79 bc 1.75bc| 1.82 A

Date bunches | 1.33f | 1.64d 1.77 a 158 B 1.49d 172 ¢ 192 a 171 B

Palm fiber 163d]| 178 a 175ab | 1.72 A 1.73bc| 192 a 184ab| 183 A

Rice straw 133f | 1.63d 177 a 1.58 B 1.46 d 172 ¢ 191 a 1.70 B
Mean 138C| 156B | 168 A 151C | 165B 179 A

pod No/plant

Non-mulch 1488 g |16.69f |1951d |1703C | 16.30e (17.98d 2068 b |18.32C
Black plastic | 21.16 a | 20.43 bc | 20.28 bc [ 20.62 A | 22.98a |21.42b 21.26 b |121.88 A
Date bunches | 18.27 e [20.24 ¢ [21.15a (19.89 B | 1953 c [21.29b 2288 a |21.23B
Palm fiber 20.19c [21.23a |20.87 ab |20.76 A | 21.43b |22.90 a 21.60b |21.97 A
Rice straw 18.19e 12022 ¢ |21.13a |1985B 1922 ¢ [21.27D 2283a |21.11 B

Mean 18.54 C|19.76 B | 20.59 A 19.89 C | 2097 B 2185 A
Means followed in same column by similar letters are not statistically different at 0.05 levels according to Tukey test.

Quiality of snap bean pods

Data in Table (8) explained that the quality of snap bean pods (weight, diameter and length of pod), significantly affected by
the using of irrigation levels and mulch in both seasons. Irrigation level 100% produced the highest quality of snap bean pods. The
lowest quality was resulted with irrigation level 60%.The positive effect of irrigation level 100% on quality of pods can be because to
increase NPK uptake by plants as shown in Table (6), which improved of vegetative growth. This resulted more stimulate of
photosynthesis and better carbohydrates build up, thus increasing weight, diameter and length of bean pods. The same results were
reported by Amer et al. (2002), Metin et al. (2005), Abdel-Mawgoud (2006),0nder et al. (2006) and El-Shawadfy (2008).

All types of mulch increased quality of snap bean pods compared to non-mulch treatment. Mulches of black plastic and palm
fiber gave the highest quality of snap bean pods. This superiority can be attributed to that these mulches were more efficient in
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maintain soil moisture and reducing weed growth, thus providing optimum conditions for nutrient absorption and good plant growth,
which reflected on improved quality of pods. These results were in line with those obtained by Li et al. (2004), Tarara (2009),
Khonok et al. (2012) and Kwambe et al. (2015).

The highest values of quality of snap bean pods were produced from irrigation level 100% with mulches of date bunches, palm
fiber and rice straw, also irrigation level 80% with palm fiber and irrigation level 60% with black plastic mulch. Irrigation level 60%
without mulch gave the lowest quality. This negative effect can be ascribed to irrigation level at 60% is insufficient for plants. In
addition, non-mulch increases water evaporation and weed growth, which compete with plants, thus leads to low growth of plants,
which is reflected in the low weight, diameter and length of pods. These results are supported by the studies of Zhan get al. (2005),
Sinkeviciene et al. (2009) and Payam et al. (2013).

Table 8. Effect of irrigation levels and mulch types on quality of snap bean pods in both seasons.
First season 2016 | Second season 2017

Mulch Irrigation level

types 60% | 80% | 100% | Mean | 60% | 80% | 100% | Mean
Pod weight (g)

Non-mulch 360e | 425d | 465c | 417C | 383 g | 431f | 488d | 434C
Black plastic| 5.45 a 525ab | 5.03b 524 A | 572 a 529 bc| 518¢c 540 A
Date bunches| 4.50cd | 5.03b 5.48 a 5.00 B 464 ef | 527 ¢ 570 a 5.20 B
Palm fiber 525ab | 553ab| 5.40a 539 A | 532bc| 5.60a 551 ab | 547 A
Rice straw 448 cd| 505D 5.45 a 499 B 458 e 5.16 ¢ 5.64 a 5.13 B
Mean 466 C | 5.02B | 520 A 482C | 513B | 538 A
Pod diameter (mm)

Non-mulch 6.12 f 6.38 f 6.87de| 645C | 6.48¢g 6.90ef | 7.10de | 6.83C
Black plastic| 7.74 a 735bc| 727bc| 745 A | 7.74a 742 bc| 7.33cd| 750 A
Date bunches| 6.81 e 719cd| 7.70 a 723 B 6.85ef [ 732cd| 7.75a 731 B
Palm fiber 735bc| 7.74 a 759ab| 756 A | 743 bc| 7.78 a 762ab | 7.61 A
Rice straw 6.71 e 7.24 ¢ 7.71 a 722 B 6.77 f 73lcd| 7.77 a 7.28 B
Mean 6.95C | 718B | 743 A 705C | 734B | 751 A
Pod length (cm)

Non-mulch | 1338 g |13.79ef |13.74f |1364 C | 1364 f |1399¢e [14.15de |13.93C
Black plastic | 15.13a [1451 Db |1455b |1473 B |1532a |1459bc|1461b (14.84B
Date bunches| 14.12 c¢d | 14.37 bc | 15.29 a | 1459 B |14.33 cd [ 14.61 bc [15.34a [14.76 B
Palm fiber 1459 b |1518a |1510a |1496 A [1469b [1530a [1515a |15.05A
Rice straw 14.06 de | 1449 b |15.26 a |14.60 B | 14.22 de | 14.58 bc | 15.30 a |14.70 B
Mean 1425 C | 1447 B |1479 A 1444 C (1461 B (1491 A
Means followed in same column by similar letters are not statistically different at 0.05 levels according to Tukey test.

Water use efficiency

Data in Table (9) showed that increasing irrigation level to 100% led to decrease water use efficiency for snap bean in both
seasons. The highest WUE obtained by irrigation level 60%, while irrigation level 80% was moderated. These results are agreement
with those obtained by Sezen et al.(2005),0nder et al.(2006),EI-Noemani et al. (2010),Hegab et al. (2014) and EIl-Noemani et al.
(2015).They revealed that increase irrigation level led to the WUE decline.

Using black plastic and palm fiber mulches gave the highest WUE, whereas the lowest WUE was obtained by non-mulch
treatment. The superior effect of using mulch on WUE may be due saving soil moisture and decreasing weed populations. Similar
results were obtained Brahman et al. (2008),Khonok et al. (2012), Khonok et al. (2013)and Kwambe et al. (2015).

There was a significant interaction between irrigation levels and mulches for WUE. The highest WUE was obtained by
irrigation level 60% with black plastic mulch; irrigation level 60% with palm fiber mulch came in the second order. No significant
differences among irrigation level 60% with mulches of date palm, rice straw and irrigation level 80% with palm fiber mulch.
Applying irrigation level 60% without mulch gave the lowest WUE. The superiority of black plastic and palm fiber mulches can be
attributed to that these mulches were more efficient in maintaining soil moisture and reducing weed growth, led to increase yield and
consequently increased WUE (L et al., 2004; Tarara, 2009; Khonok et al., 2012; Kwambe et al., 2015).
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Table 9.Effect of irrigation levels and mulch types on water use efficiency (WUE) of snap bean in both seasons.
First season 2016 | Second season 2017
Irrigation level
60% | 80% | 100% | Mean | 60% | 80% | 100% | Mean
WUE kg/m®

Mulch types

Non-mulch 1523 g|14.15h |1592¢g |1510C (16.179g |1457¢g |16.13g (1562 C
Black plastic | 32.45 a(23.26 cd | 18.20 f |24.64 A (33.20a |23.32 de |18.24 f [24.92 A
Date bunches | 24.22 ¢ [22.27d |19.33e |21.94B (2594 c [2241e |20.00f [2278B
Palm fiber 29.63 b|24.25¢c [19.07 ef |24.32 A |30.07 b (25.01cd|19.15f |24.74 A
Rice straw 2412 ¢ |2225d |19.74e (2204 B [2541c |2238e |1997f (2259 B

Mean 25.13 A|21.24B [18.45C 26.16 A |21.54B [18.70 C
Means followed in same column by similar letters are not statistically different at 0.05 levels according to Tukey test

Weeds

Data in Table(10)revealed that increasing irrigation level to 100% led to increase the total weed weight compared to irrigation
level 60%, which gave the lowest total weed weight. Increasing weight of weeds associated with increasing irrigation level may be
attributed to increase the vegetative growth of weeds, thus increasing its ability to compete with plants on water and nutrients
(Rahman et al., 2008;Hashemet al., 2014).

Applying different types of mulch had a significant influence on the weed mass. It was found that all the types of mulch
contributed to a decrease in the mean mass of weeds compared to non-mulch treatment. Black plastic mulch was the most efficient on
weed reduction followed by palm fiber mulch. These results were supported by the findings of Hashemet al. (2014) onlettuce,
Kosterna et al. (2014) on broccoli and tomato and Kwambe et al. (2015) on green bean; they stated that the frequency of weeds was
more in non-mulched soil than in mulched plots.

Using black plastic mulch with irrigation levels 60, 80 and 100% respectively gave the highest efficiency on weed reduction.
Non-mulch with irrigation levels 100, 80 and 60% respectively gave the lowest efficiency on weed reduction. These results may be
due to the high efficiency of black plastic mulch in suppressing weed growth, especially with the use of low irrigation level (Rahman
et al., 2008;Hashemet al., 2014; Kosterna et al., 2014; Kwambe et al., 2015).

Table 10. Weed fresh weight of snap bean field during 2016 and 2017 seasons.
First season | Second season
Irrigation level
60% 80% 100% Mean | 60% 80% 100% Mean
weed fresh weight kg/m?

Non-mulch 1313 c | 1427b|1602a | 1.447 A|1343c |1463Db|1638a [1.481A
Black plastic [ 0.043 1 | 0.090 k | 0.155j | 0.096 E|0.040 k |0.078 k | 0.134j |0.084 E
Date bunches [0.313 h | 0.3759g |0.565¢e | 0418 C|0.282h |0.340 g |0502e [0.375C
Palm fiber 0.143j | 0.210i | 0.335 gh| 0.229 D|0.133j |[0.178i |0.288 h |0.199 D
Rice straw 0.353 gh| 0430 f [0.625d | 0.469 B|0.319 gh | 0.390 f [ 0.556 d | 0.422 B

Mean 0.433 C| 0.506 B| 0.656 A 0.424 C [0.490 B| 0.623 A
Means followed in same column by similar letters are not statistically different at 0.05 levels according to Tukey test

Mulch types

4. CONCLUSION
Maximizing water use efficiency for green beans could be accomplished by reducing the level of irrigation either to 60% with
black plastic mulch or to 80% with palm fiber mulch without any reduction of yield or quality.
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