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ABSTRACT

Two field experiments were conducted at Sakha Agricultural Research Station,
Kafr El-Sheikh Governorate. The site is located at 31° 07” N Latitude and 30° 57" E
longitude with an elevation of about 6 meters above mean sea level. This location
represents the conditions of the North Middle Nile Delta region during the two
successive winter growing seasons 2012/2013 and 2013/2014 to investigate the effect
of irrigation intervals and plant densities on faba bean yield, some yield attributes and
some water relations under drip irrigLation system. Faba bean (Vicia faba L.) seeds,
variety Sakha 2, were planted on 10" and 15" November and harvested on 28™ April
and 2™ May in the first and second growing seasons, respectively. A split plot design
with four replicates was used. The main plots were randomly assigned by (irrigation
intervals, 1) which were I (irrigation every 6 days), I» (irrigation every 9 days), Is
(irrigation everyl12 days), l4 (irrigation everyl5 days), Is (irrigation everyl8days). The
sub- main treatments were also randomly assigned by (plant densities, D) which were,
D; (planting one plant on one lateral from each side adjusted with opening the
emitter), D (planting two plants on one lateral from one side adjusted with the
emitter), D3 (planting four plants on one lateral on the two sides of the emitter), two
plants from each side and D4 (planting four plants on one lateral on the two sides of
the emitter, two plants from each side). In addition, two plants were planted in the
middle of the two adjacent emitters with one plant in each side.
The obtained results can be summarized as follows:-

Data clearly illustrated that, the values of seasonal water applied, water
stored in the effective root zone and water consumptive use were affected by irrigation
intervals, where the highest overall mean values for the abovementioned three
studied parameters were recorded under irrigation interval (I;) and the values are
1475.52, 1205.20 and 1059.44 m®fed. On the other hand, the lowest values for the
same abovementioned studied parameters were recorded under irrigation interval, Is
and the values are 990.64, 905.16 and 850.44 m°/fed. for seasonal water applied,
water stored in the effective root zone and water consumptive use, respectively.
Generally, the values of the three abovementioned studied parameters can be
descended in order (11) > (I2) > (I3) > (la) > (Is).

Concerning water application efficiency (WAE%) the mean values were
slightly affected by irrigation intervals. The highest mean values were recorded under
irrigation interval (l4) and the values are 94.92 and 94.47 %. The lowest mean values
were recorded under irrigation interval (I1) and the values are 81.57 and 81.79% in the
first and second growing seasons, respectively.

Regarding, water productivity (WP) and productivity of irrigation water (PIW),
the highest overall mean values were recorded under irrigation interval (Is) and the
values are 1.38 and 1.19 kg/ me. Meanwhile, the lowest overall mean values were
recorded under irrigation interval (I1) and the values are 1.29 and 0.92 kg/ m? for (WP)
and (PIW), respectively. Concerning water consumptive use efficiency (Ecu), the
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highest overall mean value was recorded under irrigation interval (14) and the value is
86.18%, but the lowest one was recorded under irrigation interval (l1) 71.80%.
Concerning the amount and percentage of water saving can be descended in order Is
>4 > 13> 12 > 11in the two growing seasons.

Concerning the effect of irrigation intervals on faba bean seed yield, the
highest mean values were achieved under irrigation interval, I, and the values are
1357.19 and 1364.05 kg/fed., but the lowest mean values were recorded under
irrigation interval Is and the values are 1175.64 and 1170.16 kg/fed. in the first and
second growing seasons, respectively. Generally, the mean values of faba bean seed
yield can be descended in order 1;> I, > Is> 14> Is. Regarding, the effect of plant
densities on faba bean seed yield, the highest mean values were recorded under D1
in the two growing seasons. The same trend was observed for straw yield, where the
highest mean values were recorded under irrigation interval (I;) and the mean values
are 2.79 and 2.80 ton/fed. On the other hand, the lowest mean values were recorded
under irrigation interval (Is) and the mean values are 1.61 and 1.58 ton/fed. in the first
and second growing seasons, respectively. Concerning the effect of plant densities on
straw yield, the highest mean values were recorded under D; in the two growing
seasons.

Data also declared that some yield components such as plant height, number
of branches / plant, number of pods /plant and weight of 100 seeds were affected by
irrigation intervals where the highest mean values were recorded under irrigation
interval 1. Generally, the mean values of the abovementioned studied parameters can
be descended in order |1 > I, > I3 > 14 > Is. Regarding, the effect of plant densities, the
highest mean values were recorded under D; comparing with other plant densities Do,
D3, and D in the two growing seasons.

Concerning, the effect of irrigation intervals and plant densities on soil pH, soil
salinity, soluble cations, anions, calculated SAR and ESP. The mean values of soil pH
were increased under surface irrigation method comparing with using drip irrigation
system. While the lowest mean value was recorded under irrigation interval (I1). Data
also showed that, the highest mean value was recorded under plant density D4 under
all irrigation intervals. Regarding, the soil salinity, the highest mean value was
recorded under Is and the value is 1.409 ds/ m, but the lowest mean value was
recorded under |; and the value is 1.075 ds/ m. The highest mean value for soil
salinity was recorded under D4 for all irrigation intervals. Regarding, soluble cations,
anions, calculated SAR and ESP, the highest mean value was recorded under
irrigation interval (I1) but the lowest value was recorded under (ls). The effect of plant
densities on the abovementioned studied parameters (Ca’™", Mg"", Na", K, HCO',
CO37, CI, SO47, SAR and ESP) was not clear, however, some parameters increased
under D, but the others increased under Da.

Keywords:-drip irrigation, irrigation intervals, plant densities, faba bean yield, water
relations, some soil characteristics.

INTRODUCTION

Faba bean (vicia faba L.) is the most important legume crop in Egypt,
due to its high nutritive value for human being food, also it plays an integral
part in animal feeding and its role break crop in cereal rotation system. The
cultivated area was about 216,000 feddans in the last five seasons with an
average seed yield of 9.0 ardab/fed. In Northern part of Egypt the planted
area represents about 85% of the total planted faba bean area (El-Galaly,Ola
et al.,, (2008) and El-Saady et al.,2011). About 20 to 30% of the bean
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production areas in the Middle East Delta were affected by soil salinity
(Boyelo-Jimenes et al.,2002) and (Atwa et al.,2009). Faba bean also grows
well in the Mediterranean sea region. It is rich in protein and carbohydrates.
The protein content was estimated at 5.5% and 5.9% for green and dry straw,
respectively. Faba bean grains contain a high content of protein which may
be reached 28%, also, its content from carbohydrates is high and it is 58%.
When faba bean carefully managed it can yield more than 6 tons/ha. of seed,
Eid et al.,(2005). Additionally, it helps to increase the fertility of soil in crop
rotations through biological nitrogen fixation because it supplies the soil after
harvesting with about 20-30 N unit/fed.

Irrigation water is gradually becoming scarce not only in arid and semi-
arid regions but also in the regions where rainfall is abundant. Egypt is a
country of water scarcity due to general low precipitation, high evaporation
and the temporal and spatial distribution of rainfall. Therefore, water saving
and conservation is a vital and essential demand to face the water gap
problem and support agricultural activities, which account for 85% of the total
water consumed in semi-arid region. Irrigation is one of the most important
inputs in agricultural practices and particularly in all crops cultivation to
increase crop productivity. Crop water management and its yield in different
environments are very important concern in irrigation planning for irrigation
policy makers and maximizing yield.

The present capita share of water is less than 1000 m®/year for
different purposes or which so-called water poverty limit (EI-Quosy, 1998). In
addition to that, the water demand is continuously increasing due to
population growth, increased economic activities and the escalating
standards of living. Egypt is currently approaching the status where the water
demand can't be met by the national water supply. The River Nile is the main
source for fresh water which supplies Egypt with about 95% from its water
needs. Also, there are other water resources for irrigation water but their
contribution values are limited. So, effective management at the irrigation
sector is the principal way towards the rationalization policy for the country.
El-Maghraby (1984) reported that drought is an important factor limiting yield
and most faba bean crops in arid climates which give a substantial and often
economic response to well time irrigation. He also found that increasing the
duration between planting irrigation and the first post planting irrigation from 3
to 8 weeks caused a clear decreasing in plant height, 100 seed weight, seed
yield, straw yield and biological yield.

Trickle or drip irrigation has been considered one of the most
important obligatory irrigation systems, which keeps and manages water in
arid land and dry areas. In addition to, it allows a large degree of water saving
enabling accurate application of irrigation amounts according to crop water
requirements. Under optimum water management, trickle irrigation system
will reduce the water losses caused by evaporation and deep percolation
(Sepaskhah and Kamgar- Haghighi 1997). Goldberg and Shmueli(1970) and
Eid et al.(2005) Stated that by using a good trickle irrigation yield increased
by 30 % or more over furrow or sprinkler irrigation.

Under limitation of water resources, high water consumed in
agricultural sector and decreasing irrigation efficiency which is about 60%
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under traditional irrigation system. So, using pressurized irrigation system
such as trickle irrigation which has a high efficiency. Therefore, decreasing
irrigation losses and hence, using these techniques in irrigation becomes a
must to save water by decreasing losses to make maximization for each unit
of irrigation water and this reflects on yield. Also, increasing plant populations
is a good practice to increase yield to maximize the benefit from each land
unit.

For the abovementioned facts about the importance of faba bean and
limitation of water resources, therefore, effective irrigation management at on
the farm level becomes a must. Nowadays, Egypt is in a need for
rationalization of irrigation water to make water saving particularly in
agricultural sector which consumes about 85% from water budget (48 milliard
cubic meter).

The main targets for this present investigation were to:

1-ldentify the suitable irrigation interval for faba bean irrigation in the studied
area,

2-Investigate the effect of irrigation intervals and plant densities under trickle
irrigation on faba bean yield, some yield attributes and water relations.

MATERIALS and METHODS

Two field experiments were conducted at Sakha Agricultural Research
Station, kafr E-Sheikh Governorate. The site is located at 31°-07' N latitude,
30°-57' E longitude with an elevation of about 6 metres above mean sea
level. This location is representative the conditions in the North Middle Nile
Delta region during the two successive winter growing seasons 2012/2013
and 2013/2014 to investigate the effect of irrigation intervals under trickle
irrigation system and plant densities on yield, some yield attributes of faba
bean ( vicia faba ) variety ( Sakha 2) and some water relations. Some
physical and chemical characteristics of the studied site were shown in
Tables (1and 2), respectively.

Table (1): The mean values of some physical characteristics of the
studied site before cultivation

Soll Particle Size Texture P.W.P Bd
Depth, Distribution classes |[F.C%| % |AW % | Mg/m?
cm.  [Sand%] Silt % [Clay % i S o/ Mg

0-15 16.0 18.0 | 66.0 Clay 46.0 | 25.00 | 21.00| 1.16
15-30 | 19.0 13.0 | 68.0 Clay 38.0 | 20.65 |17.35| 1.19
30-45 | 16.5 16.0 | 67.5 Clay 37.0 | 20.11 |16.89 | 1.20
45-60 | 175 155 | 67.0 Clay 375 | 2038 |17.12| 1.30

Mean 17.25 | 15.63 | 67.13| Clay |39.63| 21.54 |18.09 | 1.21
Where:-

F.C % = Soil field capacity,

P.W.P % = Permanent wilting point,

AW % = Available water and

Bd Mg/m3 = Soil bulk density.
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Table (2) : The mean values of some chemical characteristics of the
studied site before cultivation of faba bean.

. PH Soluble ions, meq/l
Soil X
depth EC, (l 25) ++ ++ + + SO,
cm 'dS/m| soil water |ESP|SAR|Ca™ Mg™|Na"| K™ |CO5HCO | CI [T*
suspension

0-15 |1.50 8.11 1.07]1.59(6.40]4.60/3.72|0.91]0.00|4.80 |4.86|5.97
15-30 |1.57 8.03 2.00]2.246.21(3.69]4.98|0.82|0.00|4.91 4.95|5.86
30-45 |11.64 8.01 2.44|2.55|6.38|3.58|5.68|0.77]0.00|5.18 5.29/5.93
45-60 |1.71 7.90 2.69|2.73|6.34(3.88|6.17|0.74|0.00|5.25 5.57|6.75

Mean |1.61 8.01 2.05|2.2716.33|3.94/5.14|0.81]0.00(5.04 5.17/6.13
Where:

SAR = Sodium adsorption ratio. The values of SAR were calculated by using the
following formula.

SAR =

Na

(Cat™t +MgthH)
2

Where: Na*, Ca™ and Mg"™™ means soluble sodium, calcium and magnesium
(meq/l), respectively.
ESP = Exchangeable sodium percentage. The values of ESP were calculated
by using the following equation.
ESP = 100(-0.0126+0,01475 SAR)

1+ (-0.0126+0.01475SAR)
Some physical and chemical characteristics of the studied site:-

The studied physical characteristics of the site such as mechanical
analysis was determined according to the international pipette method. Soil
bulk density, soil field capacity and permanent wilting point were determined
according to (Klute, 1986). Available soil moisture was calculated as the
difference between soil field capacity and permanent wilting point. The
studied chemical characteristics such as soil reaction (pH) values were
determined in 1:2.5 soil water suspension (Jackson, 1973). Total soluble salts
were measured by electrical conductivity (EC) apparatus in the saturated soll
paste extract (Jackson, 1973). Soluble cations and anions (Ca™, Mg"*, Na",
K*, Cos”, HCO', CI and SO, as (Meq/l) were also determined in soil paste
extract (Jackson, 1973). But SO, was calculated by difference between
soluble cations and anions.

The drip irrigation system consists of a pumped unit which contains a
pump, control unit, groups of pipes which differ in its diameter and distribution
lines. The control unit of the system contains a venture injector (25.4 mm),
fertilizer tank, disk filters, control valves and a water flow meter. Distribution
lines consists of polyethylene (PE) pipes manifolds (display and discharge)
laterals of 16 mm in diameter and 40 m in length had in- line emitters spaced
0.5 m apart, each delivering 4 Ih™at a pressure of 1 bar. Drip irrigation lines
were spaced 0.8 m apart equally spaced between every other row of faba
bean. Water was applied from a pressurized hydrant and filtered through
gravel and refiltered through disk filters. The texture of the experimental field
soil is heavy clay. Water table level is about 150 cm from soil surface.
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Table (3): Mean of some meteorological data for kafr EI —=Sheikh area
during the two growing seasons.

a- 2012/2013 season.

T (CY RH (%) W | Pan
m/sec | Evap. | Rain
Month | Max. | Min. | Mean | Max. | Min. | Mean [at2m | mm/ | Mm
height | day.
Nov. 25.32 | 15.47]20.40 | 89.53 | 61.80 | 75.67 | 0.66 | 1.87 |28.20
Dec. 21.35]10.52|15.94 | 84.77 |60.83 | 72.80| 0.73 | 2.25 |13.02
Jan. 19.22 | 7.62 |13.42]91.06 |65.35|78.21| 0.52 | 1.99 |78.74
Feb. 20.68 | 8.88 | 14.7889.89 | 64.04 |76.97| 0.73 | 2.89 | ----—---
Mar. 2456 |12.45|18.51|79.48 |50.84 |65.16 | 1.03 | 446 | --—-—---
April. 26.04 | 15.87 | 20.96 | 74.20 | 43.90 | 59.05| 1.11 | 5.30 | 8.40
May 31.43|21.85|26.64|75.03|45.78|60.41| 1.20 | 6.35 | ------
b-2013/2014 season.

T (C°) RH (%) W, | Pan

Evap. .

m /sec mmr; Rain

Month | Max. | Min. | Mean | Max. | Min. | Mean | at2m Mm
height | 98-

Nov. 25.39|15.14 | 20.27 | 87.00 | 64.43 | 75.72| 0.80 | 2.28 | -------
Dec. 19.64 | 8.51 | 14.06 | 92.07 | 67.61 | 79.84| 0.61 | 4.15 | 81.9
Jan. 20.34| 7.55 |13.95]93.69|70.55|80.55| 0.54 | 1.60 | 20.7
Feb. 20.64 | 8.19 114.42 19190 |67.15|79.53| 0.79 | 252 | 16.5
Mar. 22.94111.71|17.33|86.10 |56.80|71.45| 096 | 3.14 | 26.2
April. 27.50|15.53|21.52 |81.80 49.80| 658 | 1.07 | 491 | 20.2
May 30.4719.57 | 25.02 | 77.2048.60 | 62.90 | 1.14 | 587 | -----

Source: Meteorological Station at Sakha Agricultural Research Station 31°-07N latitude,
30°-57E longitude with an elevation of about 6 meters a above mean sea level.

The treatments were arranged in a spilt plot design with four replicates

as follows:-

The main treatments (irrigation intervals, I):

I; = irrigation every 6 days,

I, = irrigation every 9 days,

I3 = irrigation every 12 days,

I, = irrigation every 15 days and

Is = irrigation every 18 days.

The sub main treatments (plant densities, D):

D; = planting one plant on one lateral from each side adjusted with the
emitter,

D, = planting two plants on one lateral from one side adjusted with the
emitter,

D; = planting four plants on one lateral on the two sides from the emitter, two
plants each side and

D, = planting four plants on one lateral on the two sides of the emitter, two
plants from each side. In addition, two plants were planted in the
middle of the two adjacent emitters one plant in each side.
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Faba bean as a winter crop was planted on 10" and 15" November and
harvested on 28" April and 2" May in first and second seasons, respectively.
The recommended seed rate is 40 kg/fed. of faba bean (Vicia faba) variety
Sakha 2. All agronomic practices and fertilization were performed as
recommended for the crop and the studied area except the studied
treatments.

* Data collection:-
1- Irrigation water applied (IW, m*/fed)

The amount of water applied at each irrigation was measured by using
flow meter.
2- Water stored in the effective root zone (m?/ fed.):

Seasonal stored water (SW) in the effective root zone was calculated
by using the following equation:-
s = YV {[(62 - 61)* Dbi * di* 4200]/100}

Where:
WS = Seasonal stored water in the effective root zone (m3/ fed.),
©, = Soil moisture % after irrigation in the i g layer,
©,= Soil moisture % before irrigation in the i t layer,
(i.e. directly, before and after the same irrigation.)
Dbi = Soil bulk density (Mg/mB) for the given depth,
D; = Soil layer depth (20 cm) and
i = number of soil layers (1-3).
3-Water consumptive use (m3/ fed.):

The amount of water consumed in each irrigation was obtained from
the difference between soil moisture content after and before the following
irrigation. Water consumptive use by growing plants was calculated based on
soil moisture depletion (SMD) according to Hansen et al., (1979).

s 2 =%

Cu=SMD = 100  * ppi* Di* 4200

Where:

CU = Water consumptive use in the effective root zone (60 cm),
©, = Gravimetric soil moisture percentage after irrigation,

©,= Gravimetric soil moisture percentage before the next irrigation,
Dbi = soil bulk density (Mg/m3) for depth,

D; = soil layer depth (20 cm) and

i = number of soil layers (1-3).

4-Irrigation water efficiencies:

Irrigation application efficiency (WAE %):

Values of irrigation application efficiency (WAE) for each treatment
were obtained by dividing the total stored water in the effective root zone on
the irrigation applied water (Downy, 1970).

WAE = (WS /Wa) * 100

Where:

WAE = Water application efficiency (%),

WS = Water stored in the effective root zone and
Wa = applied water to the field plot.
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Water consumptive use efficiency (Ecu):

Value of water consumptive use efficiency (Ecu) was calculated
according to Bos (1980).

Ecu = (ETc / Wa) *100

Where:
Ecu = Water consumptive use efficiency (%),
ETc = Total evapotranspiration ~ consumptive use and
Wa = Water applied to the field.
Water productivity (WP, kg/m®)
Water productivity is generally defined as crop yield per cubic meter of water
consumption. Water productivity is defined as crop production per unit
amount of water used (Molden, 1997). Concept of water productivity in
agricultural production systems is focused on producing more food with the
same water resources or producing the same amount of food with less water
resources. It was calculated according to (Ali et al., 2007).

Wo = Y
PTET
Where:
WP = water productivity (kg seed /m®),
Y = Seed yield (kg/fed.) and
ET = Total water consumption, m?/ fed.
productivity of irrigation water (PIW, kg seeds/m3)
Productivity of irrigation water (PIW) as calculated according to (Ali et
al., 2007)
PIW =y /Wa
Where:
PIW = productivity of irrigation water (kg /mS),
y = Seed yield kg/fed and
Wa = Applied water to the field m>.
Yield and yield components:
Seed yield (kg/ fed.),
Straw yield (ton/ fed.),
Plant height (cm),
Number of branches/plant,
Number of pods/plant and
Weight of 100 seeds (g).
Statistical analysis:

All data were statistically analyzed according to the technique of
analysis of variance (ANOVA) as published by Gomez and Gomez (1984).
Means of the treatments were compared by the least significant difference
(LSD) at 5 % level of significance which developed by Waller and Duncan
(1969).
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RESULTS AND DISCUSSION

Effect of irrigation intervals on:
1-Amount of seasonal water applied (Wa), water stored in the effective
root zone (Ws) and water consumptive use (Cu) (m®fed.).

Amount of seasonal water applied for faba bean as a winter crop
consists of the two main components; irrigation water applied or irrigation
water delivered to the field (IW) and rainfall (R), Doorenbos and Pruitt (1975).
The seasonal amounts of rainfall are 128.36 and 165.50 mm during the two
growing seasons of 2012/2013 and 2013/2014, respectively which are shown
in Table (3).

Presented data in Tables (4&5) clearly illustrated that the overall mean
values for the abovementioned studied parameters were affected by irrigation
intervals. The highest overall mean values for the three studied parameters
were recorded under the shortest irrigation intervals (I;), 6 days between
watering through the two growing seasons in comparison with the other
irrigation intervals 9, 12, 15 and 18 days (I, I5, I4and Is) which exposed to
water stress. The highest overall mean values are 1475.52, 1205.20 and
1059.44 m®/fed. for seasonal water applied, water stored in the effective root
zone and water consumptive use, respectively. Meanwhile, the lowest overall
mean values for the abovementioned studied parameters were recorded
under the longest irrigation interval (Is) 18 days between watering in the two
growing seasons and the overall mean values are 990.64, 905.16 and 850.44
m®/fed. for seasonal water applied, water stored in the effective root zone and
water consumptive use, respectively. Generally, the overall mean values for
the three studied parameters can be descended in order 1> I,> 13> 14> |5, in
the two growing seasons.

Table (4): Effect of irrigation intervals on seasonal amount of water
applied and water stored in the effective root zone (m®fed.)
for faba bean crop in the two growing seasons.

The overall mean
o st . 2" growing values during two
Irrigation 1> growing season )
treatments season growing seasons
0 ! W%, Wss, W%, Wss, Waa, Wsé,
(m~/ (m~/ (m~/ (m*/ (m~/ (m~/
fed.) fed.) fed.) fed.) fed.) fed.)
I 1469.28 | 1198.50 | 1481.76 | 1211.90 | 1475.52 | 1205.20
I 1380.42 | 1163.20 | 1398.24 | 1176.50 | 1389.33 | 1169.85
I3 1064.04 | 990.80 | 1100.22 | 1020.70 | 1082.13 | 1005.75
Is 1011.98 | 960.60 | 1048.48 | 990.47 | 1030.23 | 975.54
Is 990.60 900.14 990.68 910.18 990.64 905.16
Where:

Wa = Seasonal amount of water applied (m3/fed.3) and
Ws = Water stored in the effective root zone, (m*/fed.).
Note:
Wa=(IW+R)
Where:
Wa = Seasonal amount of water applied (m3fed.),
IW = Irrigation water delivered to the field and R = Seasonal amount of rainfall.
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Increasing the overall mean values for the abovementioned studied
parameters under irrigation treatment (l;) in comparison with other irrigation
treatments might be attributed to increasing number of irrigations under the
conditions of this treatment because of decreasing intervals between
waterings, so, increasing amount of water applied, consequently, amount of
water stored in the effective root zone and water consumptive use. These
results are in a great harmony with those obtained by EI-Gibali et al.,(1968);
Miseha et al.,(1971), Towadros et al.,(1993a), Omer et al., (2008), Moursi et
al., (2010), El-Saady et al. (2011), Nahed, M. Rashed and E. A. Moursi
(2012), Moursi et al., (2013) and Aiad et al., (2014).

Table (5): Effect of irrigation intervals on seasonal water consumptive
use (m°fed.) and water application efficiency (%) for faba
bean crop in the two growing seasons.

. The overall mean

P st . 2" growing values during two
gzgt‘?ﬂgsts 1~ growing season season growing seasons
0] Cu, WAE, Cu, WAE, Cu, WAE,

(m® fed.) (%) (m® fed.) (%) (m® fed.) (%)
Iy 1052.70 | 81.57 | 1066.17 | 81.79 | 1059.44 | 81.68
I, 1015.50 | 84.26 | 1020.28 | 84.14 | 1017.89 | 84.20
I5 925.20 93.12 910.10 92.77 917.65 92.95
I4 880.14 94.92 895.23 94.47 887.69 94.70
Is 860.12 90.87 840.75 91.87 850.44 91.37
Where:

Cu = Seasonal water consumptive use (m®fed.) and
WAE = Water application efficiency (%).

2-Amount and percentage of water saving:

The amount of seasonal water applied for faba bean crop under
traditional irrigation method (surface irrigation, which practises by local
farmers in the studied area) were ranged from 1596 to 1586 m®fed. in the
first and second growing seasons, respectively (El-saady et al.,2011). As
shown in Table (4) the amount of water applied under different irrigation
treatments were clearly differ under trickle irrigation system comparing with
traditional irrigation method. Data in Table (6) indicated that, the shortest
irrigation interval (I;) saved irrigation water by about 126.72 m*ffed. (7.94%)
and 104.24 m®fed. (6.57%) compared to traditional irrigation in the first and
second growing seasons, respectively. This amount and percentage of water
saving were occurred by using trickle irrigation technique instead of using
traditional irrigation one. This may be attributed to increasing efficiency of
trickle irrigation system in comparison with traditional method. So, decreasing
water losses, which may be reached the minimum level under this technique
and hence makes saving for irrigation water as shown in Table (6).Also, data
in the same Table clearly showed that under the different irrigation treatments
under trickle irrigation technique cause saving for irrigation water, where,
under irri%ation treatment (ls), the overall mean values for water saving is
484.88 m“/fed. (32.86%) comparing with the shortest irrigation interval (I4).
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Also, there are difference in water saving between all irrigation treatments as
shown in Table (6). The amount and percentage of water saving can be
descended in order Is> I, > I3 >, >I; in the two growing seasons. The
differences between these treatments in water saving may be due to
increasing irrigation interval and hence, decreasing irrigation number under
the conditions of irrigation treatment (Is) in comparison with other irrigation
treatments |4, |5, I3 and I, in the two growing seasons.

Table (6): Effect of irrigation intervals on amount and percentage of
water saving for faba bean crop in the two growing seasons.

The overall mean
1t . 2" growing values during two
Irrigation growing season season growing seasons
treatments,
0] W?ter saving W?/ter saving W?/ter saving
m*/ m m
f(ed.) % f(ed.) % f(ed.) %
Iy 126.72 7.94 104.24 6.57 115.48 7.26
I, 88.86 6.05 83.52 5.64 86.19 5.85
I3 405.24 27.59 381.54 25.75 393.39 26.67
Iy 457.30 31.12 433.28 29.24 445.29 30.18
Is 478.68 32.58 491.08 33.14 484.88 32.86
Note:

The amounts of seasonal water applied for faba bean crop under traditional irrigation
method (surface irrigation) were ranged from 1596 to 1586 m®/ fed. in the first and second
growing seasons, respectively (El-Saady et al., 2011).

3-Water application efficiency (WAE, %) and water consumptive use
efficiency (Ecu,%):

Tabulated data in Tables (5&7) clearly illustrated that, the overall mean
values for WAE and Ecu were affected by irrigation treatments. The highest
overall mean values for the two studied efficiencies were recorded under
irrigation treatment 1, (irrigation every 15 days between irrigations) and the
values are 94.70 and 86.18% for water application and consumptive use
efficiencies, respectively. Meanwhile, the lowest overall mean values were
recorded under the shortest irrigation interval I, (irrigation every 6 days
between irrigations) and the values are 81.68 and 71.80% for water
application and consumptive use efficiencies, respectively. Increasing the
overall mean values for the two studied efficiencies under water stress
conditions comparing with non- stressed ones may be due to decreasing
amount of seasonal water applied. These results are in a great harmony with
those reported by Kassab and Ibrahim (2007), Moursi et al., (2010), ElI-Saady
et al.,(2011), Moursi et al., (2013) and Aiad et al., (2014).
4-Water productivity (Wp, kg/ m3) and productivity of irrigation water

(PIW, kg/ m®):

Presented data in Table (7) declared that, the overall mean values
for water productivity and productivity of irrigation water were clearly affected
by irrigation treatments. The highest overall mean values for the
abovementioned studied parameters were recorded under irrigation treatment
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Is (irrigation every 18 days between waterings) and the values are 1.38 and
1.19 kg/ m?® for (Wp) and (PIW), respectively. Meanwhile, the lowest overall
mean values for (Wp) and (PIW) were recorded under irrigation treatment I,
(irrigation every 6 days between waterings) and the values are 1.29 and 0.92
kg/ m® for (Wp) and (PIW), respectively. Increasing the mean values of (Wp)
and (PIW) under irrigation treatment (ls) in comparison with other irrigation
treatments 1y, I, I3 and I, may be due to decreasing amount of seasonal
water applied and water consumptive use. These results are in the same line
with those obtained by Kassab and Ibrahim (2007), Moursi et al., (2010), EI-
Saady et al.,(2011), Moursi et al., (2013) and Aiad et al., (2014).

Table (7): Effect of irrigation intervals on water consumptive use
efficiency (%), water productivity (kg/ m®) and productivity of
irrigation water (kg/ m® for faba bean crop in the two
growing seasons.

The overall mean
Irrigation 1% growing season | 2" growing season | values during two
treatments, growing seasons
() Ecu, Wp, PIW, | Ecu,| Wp, PIW, | Ecu,| Wp, PIW
(%) | (kg/m®)| (kg/m®)| (%) | (kg/m*)|(kg/m®) (%) | (kg/m*)|(kg/m")
Iy 71.65| 1.29 | 0.92 (7195 1.28 | 0.92 |71.80] 1.29 | 0.92
Iy 73.56| 1.32 | 0.97 (7297 1.26 | 0.92 |73.27] 1.29 | 0.95
I3 86.95| 1.36 1.18 (83.63 1.38 | 1.14 [84.17| 1.37 | 1.16
Iy 86.97| 1.34 1.17 |85.38 1.33 | 1.13 [86.18 1.34 | 1.15
5 86.83| 1.37 1.19 (84.87| 1.39 | 1.18 [85.85| 1.38 | 1.19
Where:

Ecu = Water consumptive use efficiency (%),

Wp = Water productivity (kg/ m®),

PIW = Productivity of irrigation water (kg/ m?).

2- Effect of irrigation intervals and plant densities on yield and some
yield components of faba bean:

Seed yield (kg/m®):

Presented data in Table (8) clearly showed that, the mean values of
faba bean seed yield were affected by irrigation intervals under the same
plant densities in the two growing seasons. Concerning, the effect of irrigation
intervals, the highest mean values were produced under irrigation interval (l,)
and the mean values are 1357.19 and 1364.05 (kg/ fed.) in the first and
second growing seasons, respectively. Meanwhile, the lowest mean values
were recorded under irrigation interval (ls), and the mean values are 1175.64
and 1170.16 (kg/fed.) in the first and second growing seasons, respectively.
Generally, the mean values of faba bean seed yield can be descended in
order I:> 1, > I3 > 1, >I5 and the mean values in the first growing season are
1357.19, 1345.53, 1259.48, 1179.73 and 1175.64 (kg/ fed.) While, the
corresponding mean values in the second growing season are 1364.05,
1287.33, 1256.22, 1188.47 and 1170.16 (kg / fed.) under irrigation intervals I,
o, 13, 13 and |5, respectively.
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Table (8) Effect of irrigation intervals and plant densities on faba bean
seed yield (kg/ fed. ) in the two growing seasons.

Irrigation Plant
treatments, densities, 1°* growing season 2" growing season
(I, days) (D) Seed yield (kg/ fed.) Seed yield (kg/ fed.)
D, 1460.77 1477.83
I, D, 1421.53 1421.57
Ds 1450.50 1460.77
Dy 1095.97 1096.03
Mean 1357.19 1364.05
D, 1527.20 1585.20
| D, 1365.30 1290.30
2 Ds 1374.87 /1353.40
Dy 1114.73 920.43
Mean 1345.53 1287.33
D, 1453.33 1457.33
| D, 1278.37 1210.20
3 Ds 1324.40 1261.33
Dy 981.80 1096.00
Mean 1259.48 1256.22
D, 1377.60 1305.67
| D, 1096.50 1155.67
4 Ds 1329.50 1215.30
Dy 915.80 1077.23
Mean 1179.73 1188.47
D, 1327.80 1469.30
| D, 1136.80 1123.30
° Ds 1176.10 1210.20
Dy 1061.87 877.83
Mean 1175.64 1170.16
1% growing season
Comparison LSD (5) LSD (1)
2- D means at each | 28.89 43.77
2- I means at each D 26.80 36.03
2" growing season
Comparison LSD (5) LSD (1)
2- D means at each | 91.42 123.10
2- I means at each D 90.10 123.36

Increasing the mean values of faba bean seed yield under irrigation
interval (1)) in the two growing seasons comparing with other irrigation
treatments |, , I3, I; and Is may be due to these treatments always expose to
water stress by elongation irrigation intervals comparing with (1), Which led
to increasing the amount of irrigation water applied and increase soil nutrients
availability. Therefore, increasing the amount of nutrients uptake,
consequently, forming strong plants with a good vegetative cover, also, plants
becoming healthy and more resistance to diseases, pests, insects and herbs.
So, this reflects on increasing yield. These results are in a great harmony with
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those obtained by Meriaux (1972); Metwally (1973); El- Maghraby (1980);
Krogman et al., (1980); Ainer et al., (1994) and ElI- Waraky and Wahba
(1998) who found that the number and time of irrigation treatments exhibited
significant effects on seed yield of faba bean. Also, Roshdy (1975) reported
that seed yield increased with increasing the number of irrigations. Also,
these findings are in a great harmony with those reported by Omer et al.
(2008), Younis et al. (2009), Moursi et al. (2010), Nahed, M. Rashed and
Moursi (2012), Moursi et al. (2013) and Aiad et al. (2014).

Concerning the effect of plant densities on faba bean seed vyield, the
results in the same table showed that, the highest mean values for faba bean
seed yield were recorded under treatment D;(planting on one lateral with one
plant from each side adjusted with the emitter ) under all irrigation intervals
comparing with other treatments of plant densities D, , D3 and D, in the two
growing seasons. Increasing the mean values of faba bean seed yield under
D, might be attributed to decreasing number of plants under the conditions of
this treatment. So, decreasing the rate of competition between plants on their
nutritional requirements and light, consequently plants grow well and become
healthy. Consequently, improvement yield in comparison with other plant
densities which plants do their best to take their needs and hence form weak
plants with low seed vyield. These findings are in good agreement with those
obtained by Moursi et al. (2010).

Straw yield (ton/fed.):

Data in Table (9) illustrated that, the mean values of faba bean straw
yield were clearly affected by both irrigation intervals and plant densities in
the two growing seasons. Concerning the effect of irrigation intervals, the
highest mean values were recorded under irrigation interval (I;) comparing
with other irrigation treatments I, I3, I, and Is which exposed to water stress
through the growing season. The highest mean values for faba bean straw
yield are 2.79 and 2.80 ton/ fed. under irrigation interval I, in the first and
second growing seasons, respectively. On the other hand, the lowest mean
values were recorded under irrigation interval Is in the two growing seasons
and the mean values are 1.61 and 1.58 ton/fed. in the first and second
growing seasons, respectively. Generally, the mean values of faba bean
straw yield can be descended in order I, > 1, > I3> 14> |5 in the two growing
seasons and the mean values are 2.79, 2.71, 2.48, 1.98, 1.61 and 2.80, 2.49,
2.36, 1.94 and 1.58 ton/fed. in the first and second growing seasons, under |,
, o, I3, Iyand Is, respectively. Increasing the mean values of straw yield under
irrigation interval (I;) comparing with other irrigation treatments (I, I, 1 and
Is) which suffered from water stress through the growing season might be
attributed to increasing the amount of water applied and hence forming strong
plants with thick vegetative cover as a result of increasing number of
branches and leaves/ plant. So, increasing the mean values of straw yield.
These findings are in a great harmony with those obtained by Roshdy (1975),
Ainer et al. (1994), El-Waraky and Wahba (1998), Omer et al. (2008), Moursi
et al. (2010), Nahed, M. Rashed and Moursi (2012) and Aiad et al. (2014).
Regarding, the effect of plant densities on faba bean straw yield, data in the
same table illustrated that the mean values of straw yield were clearly
affected by plant densities in the two growing seasons. The highest mean
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values for faba bean straw yield were recorded under treatment of D;
(planting on one lateral with one plant from each side adjusted with the
emitter) comparing with other treatments of plant densities D,, D3, and D, in
the two growing seasons. Data in the same Table clearly showed under the
same irrigation treatments, the highest mean values are 3.28 and 3.34 ton/
fed. in the first and second growing seasons, respectively. On the contrary,
under the same irrigation treatments the lowest mean values for straw yield
were recorded under D, treatment and the mean values are 1.23 and 1.13
ton/fed. in the first and second growing seasons, respectively. The
interactions between studied treatments (irrigation intervals, | and plant
densities, D), the highest mean values were achieved from IsD, in the two
growing seasons.

Table (9) Effect of irrigation intervals and plant densities on faba bean

straw yield (ton/fed.) in the two growing seasons.
Irrigation Plant 1°" growing season 2" growing season
Ellr‘eda;ryse)nts, den(sD|;|es, Straw yield (ton/ fed.) Straw yield (ton/ fed.)
D, 3.28 3.34
N D, 2.77 2.86
D3 3.03 2.97
D4 2.07 2.03
Mean 2.79 2.80
D, 3.10 3.26
I D, 2.20 2.13
D3 2.93 2.80
D4 2.60 1.67
Mean 2.71 2.47
D, 3.13 3.00
Is D, 2.27 2.29
D3 2.60 2.53
D4 1.93 1.62
Mean 2.48 2.36
D, 2.41 2.46
s D, 1.77 1.80
D3 2.25 2.14
D4 1.49 1.35
Mean 1.98 1.94
D, 1.97 2.31
| D, 1.50 1.18
° D3 1.73 1.70
D4 1.23 1.13
Mean 1.61 1.58
1" growing season
Comparison LSD (5) LSD (1)
2- D means at each | 0.115 0.154
2- I means at each D 0.122 0.169
2" growing season
Comparison LSD (5) LSD (1)
2- D means at each | 0.029 0.039
2- I means at each D 0.032 0.045
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Increasing the mean values of faba bean straw vyield under D;
comparing with D,, D; and D4 may be attributed to lowest number of plants.
So, plants find a good chance to take their nutritional requirements and
hence, forming strong plants with thick vegetative cover as a result of
decreasing rate of competition between plants nutrients. Using this technique
in cultivation is preferable because it decreases the amount of seeds which
uses in cultivation. Therefore, decreasing the cultivation expenses: These
results are in a great harmony with those obtained by Moursi, et al. (2010).

Yield components (plant height, cm., number of branches/ plant,
number of pods/ plant.

Data in Tables (10, 11, 12 and 13) clearly declared that the mean
values of the abovementioned studied parameters were affected by both the
two studied parameters (irrigation interval, |1 and plant densities, D).
Concerning the effect of irrigation intervals, the highest mean values for the
studied parameters were recorded under the shortest irrigation interval I
(irrigation every 6 days) under the same plant densities comparing with other
irrigation treatments |, , I3, I and Is which suffered from water deficit through
the growing season. Generally, the mean values of the studied parameters
can be descended in order 1;> |, > I3 > 1, > |5 in the two growing seasons.

Increasing the mean values of the abovementioned studied parameters
under the shortest irrigation interval (I;) comparing with other irrigation
treatments |,, I3, I and Is might be due to that the irrigation treatment I,
received the highest amount of water applied which increase the solubility
and availability of nutrients and hence, increase the uptake of these nutrients
by plants and yield components. On the contrary, the lowest mean values for
the abovementioned studied parameters were recorded under irrigation
interval Is in the two growing seasons. These results are in a great harmony
with those obtained by Krogman et al. (1980), Moursi et al. (2010) and
Nahed, M. Rashed and Moursi (2012).

Regarding, the effect of plant densities on the abovementioned studied
parameters, the highest mean values were recorded under D; comparing with
other treatments of plant densities D,, D3, and D, in the two growing seasons.
Increasing the mean values of the studied parameters under D; might be due
to decreasing number of plant densities and hence, decreasing competition
rate between plants on their nutritional needs. Therefore, forming good and
healthy plants with good qualities. For the effect of the interactions between
irrigation intervals, | and plant densities, D. The interaction between I; and D,
achieved the highest yield components while the lowest values were
recorded from combination between Is and D, in the two growing seasons.
These results were obtained by Moursi et al. (2010).
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Table (10):Effect of irrigation intervals and plant densities on faba bean
plant height in the two growing seasons.

Irrigation Plant 1°" growing season | 2" growing season
Elr,eg;ryse)nts, den(ss';les, Plant height, cm Plant height, cm
D, 140.1 145.4
I, D, 132.8 134.3
D3 136.1 141.1
D, 131.8 130.1
Mean 135.2 137.7
D, 141.5 138.0
I, D, 130.4 132.6
D3 136.7 134.2
D, 130.0 132.2
Mean 134.7 134.3
D, 132.3 131.0
I D, 128.7 130.3
D3 130.1 130.3
D, 128.3 125.8
Mean 129.9 129.3
D, 1334 131.6
I D, 127.2 128.3
D3 131.1 129.6
D, 125.3 127.8
Mean 129.3 129.3
D, 129.7 132.3
| D, 127.8 126.0
° D, 128.6 130.3
D, 125.6 123.3
Mean 127.9 128.0
1% growing season
Comparison LSD (5) LSD (1)
2- D means at each | 0.58 0.88
2- D means 0.81 1.09
2" growing season
Comparison LSD (5) LSD (1)
2- D means at each | 4.02 6.10
2- I means at each D 4.82 6.49
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Table (11): Effect of irrigation intervals and plant densities on faba bean
number of branches/ plant in the two growing seasons.

Imigation Plant 1* growing season 2" growing season
treatments, densities,
number of branches/ number of branches/
(1, days) (D)
plant plant
D, 7.80 7.73
| D, 5.00 5.33
! Ds 7.10 7.23
D, 4.33 4.33
Mean 6.06 6.16
D, 8.70 8.27
| D, 4.90 4.97
2 Ds 5.87 5.90
D, 4.43 4.53
Mean 5.98 5.92
D, 6.57 6.47
| D, 4.23 4.07
3 D; 6.23 6.23
D, 2.87 3.67
Mean 4.98 5.11
D, 5.90 5.60
| D, 3.90 4.17
4 D, 5.67 5.60
D, 3.80 3.80
Mean 4.82 4.79
D, 6.10 6.10
| D, 3.80 3.97
5 D, 5.43 5.27
D, 2.10 2.70
Mean 4.36 451
1" growing season
Comparison LSD (5) LSD (1)
2- D means at each | 2.20 2.96
2- | means at each D 0.98 1.32
2" growing season
Comparison LSD (5) LSD (1)
2- D means at each | 1.93 2.60
2- 1 means at each D 2.04 2.82

Effect of irrigation intervals and plant densities on soil pH, EC, soluble
cations and anions, calculated SAR and ESP.
Soil pH

Data in Table (14) clearly illustrated that the values of soil pH were
affected by irrigation intervals and plant densities. Comparing data before
planting and after harvesting, the values were less before planting in
comparison with after harvesting of faba bean. Data in the same table also
showed that the values of soil pH were slightly higher under surface irrigation
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method (traditional irrigation, as practice by local farmers in the studied
region) in comparison with using drip irrigation system. Increasing the values
of soil pH under surface irrigation method comparing with other irrigation
intervals (drip irrigation treatments) might be due to increasing amount of
water applied. Data in the same table indicated that, the values of soil pH
were affected by plant densities where, the highest values were recorded
under D, under all irrigation treatments. Generally, the values of soil pH can
be descended in order D, >

Table (12):Effect of irrigation intervals and plant densities on faba bean
number of pods/ plant in the two growing seasons.

Irrigation Plant

treatments, densities, 1* growing season 2" growing season

(1, days) (D) number of pods/ plant | number of pods/ plant
D, 28.67 28.90

| D, 27.80 27.80

! Ds 28.57 28.57
D, 21.43 21.43

Mean 26.62 26.68
D, 29.87 31.00

| D, 26.70 25.20

2 Ds 26.90 26.47
D, 21.80 18.00

Mean 26.32 25.17
D, 30.20 28.50

| D, 21.43 23.67

3 D, 26.00 24.67
D, 17.90 21.43

Mean 23.88 24.57
D, 25.90 25.53

| D, 32.33 22.60

4 Ds 25.00 23.77
D, 19.20 21.07

Mean 25.61 23.24
D, 25.97 28.73

| D, 22.23 21.97

° Ds 23.00 23.67
D, 20.73 17.17

Mean 22.98 22.89

1% growing season

Comparison LSD (5) LSD (1)

2- D means at each | 10.16 14.29

2- | means at each D 4.74 6.39

2" growing season

Comparison LSD (5) LSD (1)

2- D means at each | 1.79 2.41

2- I means at each D 1.77 2.42
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D; > D,> D; under all irrigation treatments. Decreasing the values of
soil pH under drip irrigation comparing with control treatment (traditional
irrigation) may be attributed to decomposition of organic materials and
production of organic acids, mineralization and nitrification of the added
organic nitrogen and or increased partial pressure of Co, of the sall
atmosphere due to increasing microbiological activity. Data in the same table
illustrated that the lowest values for soil pH were recorded under the shortest
irrigation interval |, (irrigation every 6 days between irrigations), this
decreasing in the values of soil pH leads to increasing the availability of
macro and micronutrients. Therefore, increasing uptake rate of these
nutrients which reflects on increasing yield and yield attributes as clearly
shown in Tables (8 through 13).

Table (13): Effect of irrigation intervals and plant densities on faba bean
100 seeds weight (g) in the two growing seasons.

Irrigation
treatments, densilt?:st ©) 1* growing season 2" growing season
(I, days) ' 100 seeds weight () 100 seeds weight ()
D, 108.33 108.93
I D, 100.33 100.33
Ds 97.33 100.53
D, 75.67 60.70
Mean 95.42 92.62
D, 103.33 102.67
L D, 99.20 96.33
Ds 69.33 70.57
D, 52.67 55.30
Mean 81.13 81.22
D, 100.67 99.63
Is D, 88.67 80.27
D3 58.67 58.67
D, 44.00 46.40
Mean 73.00 71.24
D; 89.33 88.73
ls D, 71.33 73.47
D3 49.33 49.57
Dy 48.00 48.97
Mean 64.50 65.19
D; 94.00 91.10
Is D, 70.67 52.47
D3 36.47 38.30
Dy 29.33 30.43
Mean 57.62 53.08
1*" growing season
Comparison LSD (5) LSD (1)
2- D means at each | 45.66 61.49
2- means at each D 40.42 27.50
2" growing season
Comparison LSD (5) LSD (1)
2- D means at each | 3.72 5.01
2- I means at each D 3.64 4.98

As clearly declared in Table (14), the values of soil pH were decreased
under drip irrigation intervals comparing with traditional irrigation which
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received a large amount of irrigation water. Increasing yield and yield
attributes of faba bean under drip irrigation treatments due to increasing the
availability of macro and micronutrients. So, this present study recommends
that under limitation of water resources in Egypt, using drip irrigation
technique is preferable under these conditions, because it has high efficiency.
Consequently, reaching the losses with the minimum level. In case of salt
accumulation near the soil surface under drip irrigation system, the study
recommends that giving a one surface irrigation every season to decrease
the hazards of salt accumulation. These results are in a great agreement with
those obtained by Darwesh (2006).

Table (14): Effect of irrigation intervals and plant densities on pH, EC,

soluble cations and anions, calculated SAR and ESP.
Irrigation Plant Soluble cations, meq/L Soluble anions, meg/ L

nf Ec,
treatments|densities| pH dsm™ SAR | ESP ca™| Mg™ | Na+ | K* | cos”| HCOs | cr | sO.
|, days D

Control irsr?gyr;?i(i)en 8.47 | 1.188| 5.25|6.13| 1.78 | 2.30 | 7.50 | 0.17| 0.00| 6.09 |1.87| 3.92

Dy 7.93 |1.046| 3.64 | 3.99| 2.01 | 2.87 | 5.68 | 0.32]| 0.00| 6.21 |0.54]| 3.71
D, 7.96 |1.079] 4.09|460| 1.52 | 2.85 | 6.05|0.30| 0.00| 6.18 | 0.96| 3.65

h D3 7.99 |1.085]| 4.16 | 469 | 1.48 | 2.81 | 6.09 | 0.28]| 0.00| 6.16 | 1.07| 3.62
D, 8.01 |1.090| 4.18 |4.72| 1.51 | 2.80 | 6.14 | 0.27]| 0.00| 6.11 |1.22| 3.57
Mean 1.075| 4.02 | 450| 1.63| 2.83 | 599 |0.29| 0.00| 6.17 [0.95]| 3.64

D, 8.03 | 1.093| 5.18 | 6.04| 1.20 | 2.61 | 7.15 | 0.26]| 0.00 | 6.09 |1.33| 3.51
D, 8.06 | 1.126] 5.33 | 6.23| 1.14 | 253 | 7.22 | 0.24]| 0.00| 6.05 |1.73| 3.48

l2 Ds 8.07 [1.155/516|6.01| 149 | 248 | 7.27 | 0.22| 0.00| 6.01 |210]| 3.44
D, 8.10 |1.169]| 5.12 |1 596 1.62 | 245 | 7.30 | 0.21]| 0.00| 5.98 |2.30]| 3.41
Mean 1.136| 5.20 | 6.06| 1.36 | 2.52 | 7.24 | 0.23| 0.00 | 6.03 |1.87]| 3.46

D, 811 (1172|549 |6.44| 145| 242 | 7.63 | 0.20| 0.00| 5.92 |240]| 3.40
D, 8.14 |1.193]|5.72|6.73| 1.39| 2.38 | 7.86 | 0.19]| 0.00| 5.86 |2.69| 3.38

ls Ds 8.15 [1.208| 6.02|7.12| 1.32| 2.34 | 815]0.18| 0.00| 5.83 |2.89]| 3.36
Dy 817 [1.251|652|7.75|1.27| 231 | 873]0.16| 0.00| 5.79 |3.39| 3.33
Mean 1.206| 594 |7.01| 1.36 | 2.36 | 8.09 | 0.18| 0.00 | 5.85 |2.84]| 3.37

D, 8.18 | 1.265| 6.73 | 8.01| 1.21 | 2.30 | 890 | 0.15]| 0.00 | 5.78 | 3.47| 3.47
D, 8.19 |1.299|7.02 837|117 | 226 | 9.19 | 0.15]| 0.00| 5.73 |3.49| 3.77

la D3 821 |11331]|732)|874|111| 224 | 947 |0.13]| 0.00| 5.70 |3.62| 3.99
Dy 8.29 |1.364| 7.68|9.18| 1.10 | 2.22 | 9.89 | 0.12]| 0.00 | 5.66 |3.52| 4.46
Mean 1.315| 7.19 (858 | 1.15| 2.26 | 9.36 | 0.14| 0.00 | 5.72 |3.53] 3.92

D, 830 |1.381| 754 |9.01| 1.09| 2.39 | 9.95 | 0.12]| 0.00| 5.62 |4.46| 4.73
D, 8.34 |1.397| 7.85)|9.39| 1.06 | 2.32 | 10.21| 0.10| 0.00 | 559 |3.44| 4.94

Is D3 8.36 | 1.418| 8.07 | 9.66 | 1.05| 2.30 | 10.44| 0.08| 0.00 | 5.57 |3.48]| 5.13

Dy 8.39 |1.439|8.19|980| 1.03| 2.31 [10.58| 0.07| 0.00| 5.51 |3.48]| 5.40
Mean 1.409| 7.91 | 9.47| 1.06 | 2.33 [10.30| 0.09| 0.00 | 5.57 |[3.47] 5.05
The overall

1.228| 6.05 | 7.12| 1.31| 2.46 | 8.20 | 0.19| 0.00 | 5.87 |2.53| 3.89

Mean values

Soil Salinity (Electrical Conductivity, dS/ m.)

Presented data in Table (14) showed that, the mean values of saill
salinity were affected by both irrigation intervals and plant densities.
Concerning, the effect of irrigation intervals, data illustrated that the mean
values of salinity were increased by increasing irrigation intervals, where the
highest mean values were recorded under the longest irrigation interval Is
(irrigation every 18 days) and the mean value is 1.409 ds/m. Meanwhile, the
lowest mean value was recoded under the shortest irrigation interval I,
(irrigation every 6 days) and the mean value is 1.075 ds/ m. Generally, the
mean values of soil salinity can be descended in order Is> I,> 13> 1,> |; and
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the mean values are 1.409, 1.315, 1.206, 1.136 and 1.075 ds/ m,
respectively. Data in the same table declared that the decreasing of irrigation
interval, the mean values of soil salinity decreased. Increasing the mean
values of soil salinity under elongation irrigation interval has a bad effect on
yield as well as yield attributes, because of increasing osmotic pressure and
hence, increasing water holding capacity of the soil. So, uptake of nutritional
requirements by the plants need a great effort, this affects negatively on the
productivity of faba bean. Therefore, under the limitation of water resources
and obligation to use localized irrigation system, to avoid the salt
accumulation, decreasing irrigation interval to make dilution, leaching and
removing salts from the effective root zone or giving a one surface irrigation
every season to decrease the hazards of salts accumulation. Presented data
in the same table indicated that the overall mean values under all drip
irrigation treatments were higher in comparison with surface irrigation
(traditional irrigation) and the overall mean values are 1.228 and 1.188 ds/ m
under drip irrigation treatments and surface irrigation method, respectively.
Decreasing the values of soil salinity under surface irrigation in comparison
with drip irrigation technique may be attributed to increasing amount of
applied water and hence, decreasing salt accumulation in the effective root
zone because of leaching salts far from this zone. These results are in a
great harmony with those reported by Mungal et al. (2001), Metwally (2001),
El-Henawy (2006) and Jiaxia Sun et al. (2012).

Regarding, the effect of plant densities, the mean values of soil salinity
were affected by plant densities. Under all irrigation intervals the highest
mean values were recorded under D4 (the highest plant densities). This leads
to decreasing yield and yield attributes under the conditions of this treatment
comparing with other plant densities, D;, D, and D3 The lowest mean values
of soil salinity were recorded under D; which gave the highest yield because,
under these conditions the competition rate between plants decreased. So, it
gaves healthy and good plants with a good yield. Therefore, the present
study recommends that under obligation of using drip irrigation system in
heavy clay soil, decreasing irrigation intervals and also plant densities.
Soluble cations, anions, calculated SAR and ESP

Presented data in Table (14) clearly declared that the mean values of
soluble cations (Ca’™*, Mg"™, Na®, K") and soluble anions (HCOj3, CI" and So,~
) meqg/ L, sodium adsorption ratio (SAR) and Exchangeable sodium
percentage (ESP) were affected by irrigation intervals and plant densities.
Concerning, the effect of irrigation intervals, the mean values of Ca™", Mg™",
K*, HCO; and So,”~ were decreased by increasing irrigation intervals, where
the highest mean values were recorded under irrigation treatment I, (irrigation
every 6 days) in comparison with other irrigation treatments. On the other
hand, the mean values of (Na', CI', SAR and ESP) were increased by
increasing irrigation intervals, where, the highest mean values were recorded
under irrigation treatment (Is). Meanwhile, the lowest values were recorded
under irrigation treatment (I;) these results are in a great harmony with those
obtained by Darwesh (2006) and Jiaxia Sun et al. (2012). Regarding, the
effect of plant densities, there is no clear relation for this factor on soluble
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cations, anions, SAR and ESP where some parameters increasing under D;
but the others, increasing under Dy,
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