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ABSTRACT

Two field experiments were conducted at Sakha Agricultural Research station,
Kafr El-Sheikh governorate, during the two successive seasons of 2005/06 and
2006/07. The study aimed to investigate irrigation effect on seed yield and water use
efficiency of faba bean cultivars in North Delta, Egypt. A split plot design with four
replications was used. lIrrigation treatments were sowing irrigation (l1); sowing
irrigation plus 1%t irrigation after 30 days from sowing (l2); sowing irrigation plus 1t
irrigation after 30 days and the 2" irrigation after 90 days from sowing (I3); sowing
irrigation plus 1%t irrigation after 30 days and the 2"? irrigation after 90 days and the 3™
irrigation after 120 days from sowing (l4). Sub plots were devoted to faba bean cvs.
Sakha 1, Sakha 3 and Nubaria 1.

Results showed that insignificant increases between irrigation treatment of l4
and treatment of Is in all traits under study i.e. plant height, number of pods/plant,
number of seeds/pods, number of seeds/plant, 100-seed weight, seed yield of plant
and seed yield. Irrigation treatment of 14 significantly increased plant height by 4.7%,
number of seeds/plant by 22.1%, 100-seed weight by 4.1%, and seed vyield/fed by
22.4% compared to irrigation treatment of 1.

Means values of seasonal water consumptive use of faba bean were 30.05
cm, 25.84 cm, 22.49 cm, and 12.30 cm for irrigation treatments of l4 I3 12, I1 ,
respectively. Faba bean cv. Sakha 1 consumed less water than cvs. Sakha 3 and
Nubaria 1 by 7.4% and 4.9%, respectively, due to short duration of cv. Sakha 1.

Seasonal irrigation water applied were 47.2 cm (1982 mé3/fed.), 39.1 cm (1642
m3/fed.), 27.6 cm (1159 mS/fed.), and 18.8 cm (790 m3/fed.) for irrigation treatments of
la, I3, 12, 11, respectively.

Maximum values of crop water use and field water use efficiencies resulted
from irrigation treatment of |1, and faba bean cv. Sakha 3 exhibited the highest crop
water use and field water use efficiencies compared to the other tested cultivars.

Means percentage values of water removed from the upper 30 cm soil layer
were 76.93%, 72.20%, 66.43% and 63.48% for la, I3, I2, and |1 respectively.

Regression slope indicated that each centimeter of seasonal water applied
produced 10.5 kg seed yield/fed. and enhanced water consumptive use of faba bean
plants by 0.60 cm. On the other hand, it decreased crop water use efficiency by 1.7 kg
seed vyield/cm of water consumed and field water use efficiency by 1.3 kg seed
yield/cm of water applied.

Therefore, irrigating faba bean plants 3 times including sowing irrigation could
be applied since the reduction in seeds yield was 1.4% for 17.2% of saving irrigation
water applied compared with irrigation 4 times including sowing irrigation. But, when
water is scarce, irrigations may be reduced to two, or one, which concomitant water
savings, using cultivars which utilize more water and result in higher water use
efficiencies in Delta, Egypt.
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INTROUCTION

Faba bean (Vicia faba L.) is one of the major winter sown legume crops
grown in the Mediterranean region, and has considerable importance as a
low cost food rich in proteins and carbohydrates in Egypt. The total
production in 2004/05 was about 282.000 tons, while the total consumption
was estimated to be about 420.000 tons. This means that the percentage of
self-sufficiency is only about 67% (Amer et al. 2006). So, to reduce the gab
between production and consumption, the most effective is being developing
new cultivars with high yielding potentiality in addition using the proper
management.

Farmers in North Delta, Egypt, generally irrigate winter faba bean two
to four times, including sowing irrigation, depending on average rainfalls
during the growing season from October to May ranged from approximately
67-200 mm (Egyptian Meteorological Authority, 1960).

Substantial and sustainable improvements in the productivity of faba
bean can be achieved through integrated farm-resources management, such
as on-farm water-productive techniques, high yielding faba bean cultivars
selection and appropriate cultural practices which will help to achieve this
objective.

El-Galfy, (2005), revealed that the yield and its components of faba
bean (plant height, number of branches per plant, number of pods per plant,
number of seeds per pod, pod weight, 100-seed weight and seed yield/fed)
significantly decreased as the number of irrigations decreased. The yield
decreased by 52% and 15.5% with one and two irrigations, respectively,
compared to three irrigations. This reduction in yield may be due to lower
number of branches, pods, seeds per plant, pod weight and 100-seed weight.
Irrigation frequency 4 times after planting appeared to be optimum for
obtaining high seed yield of faba bean (Mohamed et al., 1999). Hassanein
(2000) showed that Giza 643 subjected to 2 irrigations at 60 and 90 days
after sowing or 3 irrigations at 60, 90 and 120 days after sowing recorded the
highest seed yield, whereas Giza Blanka subjected to 3 irrigations recorded
the highest straw yield. Xia (1997) showed that plants subjected to drought
from initiation of pod-set to full pod-set produced 32% less total dry matter
and 45% less seed yield than the irrigated control. Only plants subjected to
drought from full pod-set to maturity had a significant lower mean seed weight
than the control (well irrigated). Meleha et al.(2004) indicated that the highest
seed yield of faba bean of 1792.6 kg/fed resulted from the treatment received
51.2 cm, while the lowest seed yield was 1731.4 kg/fed resulted from the
treatment received 53.1 cm. They also revealed that actual water
consumptive use amounted to 36.7 - 38.1 cm when the amount of water
applied ranged from 49.3 to 53.1 cm, and water use efficiency increased with
decreasing irrigation water applied. Fardos and Abdel-Nour (2000), found that
maximum faba been seed yield was gained from treatment irrigated
frequently at 30% available soil moisture depletion (ASMD). Seasonal water
consumptive use of faba bean ranged from 344 mm for irrigating at 90%
ASMD to 521.3 mm for irrigating at 30% ASMD. The maximum WUE was
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obtained from irrigation at 60% ASMD. Plies et al. (1995) and Tawardros et
al. (1993) found that the drought conditions during flowering stage
significantly decreased yield formation in all cultivars under study, whereas
water stress during pod filling stage had little effect on biomass production.
This was in agreement with that of Farah et al. (1990), who found that water
shortage greatly affected faba bean yield. Abd El-Mottaleb and Abbas (1992),
found that the highest water consumptive use (1497 m?3/fed.) was obtained
when soil moisture suction is kept at 2 bars, while the lowest value were 840
m3/fed. at 10 bars. Abbas et al., (1994) revealed that maximum yield of seed
and straw were recorded by irrigation of the faba bean plants at 6 bars. Water
consumptive use by faba bean ranged from 35.9 to 37.1 cm. Ainer et al.
(1993) indicated that the optimum vyield of faba bean seeds was obtained by
irrigating the crop at 2 bars in the Delta region, and the water use efficiency
decreased when the faba bean was irrigated at 10 bars. They also added that
water consumptive use of faba bean ranged from 170.2 to 370.5 mm at
Sakha region (North Delta).

As for faba bean cultivars, El-Deep et al. (2006) revealed that planting
1706B/87/1999 genotype resulted in higher faba bean yields by 7.2%, 15.6%
and 7.2% compared to genotype 1706B/39/1999, cvs. Misr 2 and Giza 40.

The objective of this investigation was to study the effect of irrigation on
seed yield productivity of faba bean cultivars and water use efficiency in
North Delta, Egypt.

MATERIALS AND METHODS

The investigation was conducted at Sakha Agricultural Research
Station, Kafr EI-Sheikh Governorate, during seasons of 2005/06 and 2006/07.

A split-plot design with four replications was used. Main plots were
occupied to irrigation treatments which were sowing irrigation (l1); sowing
irrigation plus 1%t irrigation after 30 days from sowing (l2); sowing irrigation
plus 1stirrigation after 30 days and the 2" irrigation after 90 days from sowing
(I3); sowing irrigation plus 1%t irrigation after 30 days and the 2" irrigation after
90 days and the 3" irrigation after 120 days from sowing (l4). Sub plots were
devoted to faba bean cvs. Sakha 1, Sakha 3 and Nubaria 1.

The soil was clayey in texture, whereas particle size distribution was
52.10% clay, 27.23% silt and 20.67% sand. Soil pH (1: 2.5) was 8.12 and the
electrical conductivity of soil and irrigation water was 2.35 and 0.45 dSm-,
respectively, the analysis was determined according to Page (1982). The
plots were isolated by ditches of 1.5 m in width to avoid lateral movement of
irrigation water to adjacent plots. The area of each sub plot is 42 m2 (6 x 7
m2).

Sowing dates in the first and second seasons were on November 7t
and 10", respectively. All cultural practices for faba bean were applied. Faba
bean plants were harvested on 5" and 7" May in the first and second
growing seasons for cvs. Sakha 3 and Nubaria 1, respectively, and on 12t
and 14" April for cv. Sakha 1
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Ten guarded plants were randomly taken from each plot to measure
plant height in cm, number of pods/plant, number of seeds/pod, number of
seeds/plant, 100-seed weight in g, and seed yield/fed in ardab (ardab = 155
kg). Seed yield/fed. was obtained from central area of each plot (1/300 fed.)
to avoid any border effect.

Data were subjected to the combined analysis as described by
Snedecor and Cochran (1980). The treatment means were compared
according to Duncan's multiple range test (Duncan, 1955). Also, a regression
and simple correlation coefficient between seasonal irrigation water applied
and each of seed yield, water consumptive use and crop water use efficiency
was computed according to the method described by Snedecor and Cochran
(1980).

Data of Sakha meteorological station recorded air temperature, relative
humidity, and rainfall distribution, during 2005/06 and 2006/07 seasons, are
presented in Table 1.

Il. Soil water relations:

Soil moisture content was gravimetrically determined in soil sample
taken from consecutive depth of 15 cm down to a depth of 60 cm. For
irrigation timing, soil samples were also collected just before each irrigation,
48 hours after irrigation and at harvest time, to estimated water consumptive
use (Hansen et al., 1979). Field capacity, permanent wilting point and bulk
density were determined according to Klute (1986), and are given in Table 2.

Table (1): Sakha meteorological data of Agricultural Research Station
during 2005/06 and 2006/07 seasons.

Seasons 2005/06 2006/07
Air Relative | ~ Air Relative |T A
temperature | humidity |’ E| temperature | humidity |E E
oC (%) sE oC (%) s E
Max.Min.MeanMax.[Min.Mean Max.Min.MeanMax.Min.Mean

November |24.2|10.6| 17.4 |77.3|56.0| 66.7 | 8.3 |23.5/8.9|16.2|77.0/58.6/67.8 | 3.2
December |20.0| 7.0 | 13.5(86.5(60.0| 73.3 | 8.8 |19.7|4.5|12.1|82.0/62.2 72.1 {10.0
January |18.8/5.1|12.0|86.0(61.0/73.5| 7.6 |{18.7/4.1|11.4|87.058.5(72.8|17.5
February |22.0{6.0|13.0(93.4(66.0|79.7 (18.0|21.6|5.6 | 13.6 |95.4/67.6|81.5 |44.1
March 22.6/7.0|14.8(80.0|51.2|65.6 | 2.1 |22.0{5.813.9(79.251.7|65.5| 9.0

April 27.019.5|18.3|81.0(47.0/64.0 {24.8|25.3|7.5|16.4 |{80.5/49.5|65.0|11.4

May 28.5]11.6/20.1(79.3/45.0/62.2| 0.0 |28.3]11.1/19.7|78.945.1/62.0| 0.0

Table (2): Soil moisture constants for the experimental site.

Soil depth |Field capacity| Wilting point | Bulk density | Available

(cm) (%) (%) (g/cm?) soil water (%)
0-15 46.14 24.78 1.11 21.36
15-30 41.21 21.29 1.21 19.92
30-45 36.84 20.38 1.24 16.46
45-60 34.91 19.13 1.32 15.78
Mean 39.78 21.40 1.22 18.38
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Irrigation water applied (IWA):

The amount of water applied at each irrigation was determined on the
basis of raising the soil moisture content to its field capacity plus 10% as a
leaching requirements. Irrigation water applied was calculated according to
the following equation (Michael, 1978).

Fc B Mc
d =D* Bg* ———
100
Where:

d = amount of water to be applied during an irrigation event, cm.
D = soil depth within the root zone, 60 cm.
Bs = soil bulk density, g cm-
Fc. = field capacity moisture content (% by weight).
Mc = moisture content before irrigation (% by weight).

Submerged flow orifice with fixed dimension was used to measure
the amount of water applied according to the following equation (Michael,

1978).
Q=CA ,/2gh
Where:

Q = discharge through orifice, (1/sec.)

C = coefficient of discharge, (0.61).

A = cross-sectional area of the orifice, (cm?)

g = acceleration of gravity, (cm/sec?) (981 cm/sec.).

h = pressure head, causing discharge through the orifice (cm).

Crop water use efficiency (CWUE):
Crop water use efficiency was calculated according to Michael (1978).

CWUE =Y/C.U
Where:
Y = seedyield in kg
C.U = seasonal water consumptive use in cm.

Field water use efficiency (FWUE):
It was calculated according to Jensen (1983).

Seed yield in kg
Amount of applied water (cm)

Soil moisture extraction pattern (SMEP):
It was calculated according to the following equation (Hansen et al.,

FWUE =

1979).
SMEP = CU. (layer) x 100/CU (seasonal)
Where:
CU. (layer) sum of extracted soil moisture in each soil layer (15 cm).

CU (seasonal) total sum of moisture extracted in all soil layers (60 cm).
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RESULTS AND DISCUSSION

1. Seed yield and its attributes:

Mean values of all studied characters as affected by irrigation and
faba bean cultivars in the combined analysis over the two growing seasons
are presented in Table (3). Results in Table (3) showed that higher values of
seed yield and its components resulted from irrigation treatments of Is and s,
respectively, without any significant difference between them. Irrigation
treatment of ls significantly increased plant height by 4.7%, number of
seeds/plant by 22.1%, 100-seed weight by 4.1%, and seed vyield/fed by
22.4% compared to irrigation treatment of 1. Seed yield for faba bean of both
la+ and Iz irrigation treatments was higher than irrigation treatment of I1
because of higher yield components such as number of pods/plant, number
of seed/pod, number of seeds/plant and 100-seed weight as shown in Table
(3). Data in Table 3 revealed that number of pods/plant and number of
seeds/pod were not significantly affected by irrigation treatments.

A higher yield and its attributes of faba bean plants was gradually
increased as a result of increasing in the availability of soil moisture content
in root zone which increase seed yield. Similar results were obtained by
Fardos and Abdel-Nour (2000), Hassanein (2000), and EIl-Galfy (2005), who
revealed that the yield and its components of faba bean significantly was
decreased as the number of irrigations decreased. In the absence of water
stress, a longer post-flowering duration allowed the indeterminate to develop
a larger canopy and achieve a high final biomass (Sau and Minguez, 2000,
Shawky, et al. 2004 and Costa et al. 1997). Water stress generally decreased
the number of stomata on both leaf surfaces and decreased stomatal
opening. Therefore, water stress decreased the rate of CO: fixation and
inhibited the metabolism of soluble to insoluble photosynthates (Younis, et al.
1993).

Data in Table 3 revealed that faba bean cv. Sakha 1 significantly
surpassed cvs. Sakha 3 and Nubaria 1 in plant height and number of
seeds/plant On the other hand, faba bean cv. Nubaria 1 surpassed faba bean
cvs. Sakha 1 and Sakha 3 in 100-seed weight. Faba bean cv. Sakha 3
significantly surpassed cvs. Sakha 1 and Nubaria 1 in seed yield/fed. These
differences may be due to the genetic differences among faba bean cultivars.
The results are in agreement with those obtained by Amede et al. (1999) and
Amer et al. (2006) and EI-Deep et al. (2006). Results in Table 3 revealed that
number of pods/plant and number of seeds/pod were not significantly
affected by faba bean cultivars.

Insignificant effect of irrigation and season interaction was obtained
from all traits. Such results indicated that irrigation treatments showed similar
effect from season to season. The interaction between irrigation x faba bean
cultivars was not significant except the interaction between irrigation and
cultivars on plant height, number of seeds/plant, 100-seed weight, and seed
yield/fed. as shown in Table (3). All traits under study was not significantly
affected by the interaction of irrigation x faba bean cultivars x season (Table 3).
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Table (3): Mean values of faba bean yield and its attributes as affected
by irrigation treatments and cultivars in the combined
analysis over both seasons

Plant No. of No. of No. of | 100-seed Seed
Treatments height pods/ seeds/ seeds/ weight yield.
(cm) plant pod plant 9) (ardab/fed)
Irrigation treatments:
Iy 116.0b 6.1 2.8 17.2c 88.4c 8.65¢
I, 117.9b 6.5 29 19.0b 90.1b 9.76b
I3 120.2a 7.0 3.0 21.0a 91.7a 10.44a
Iy 121.4a 7.1 3.0 21.0a 92.0a 10.59a
Faba bean cultivars:
Sakha 1 132.0a 7.6 2.9 22.2a 76.5¢ 9.21c
Sakha 3 106.7c 7.0 2.8 20.0b 90.8b 10.45a
Nubaria 1 118.0b 5.5 3.0 16.7c 104.4a 9.91b
Interactions:
Irrig. X season N.S N.S N.S N.S N.S N.S
Irrig. x cultivars. x* N.S N.S ke ke ki
Irrig. x cultivars x season N.S N.S N.S N.S N.S N.S

Means designed by the same letter at each cell are not significantly at the 5% level
according to Duncan's multiple range test.
N.S: Indicate not significant

Data in Table 4 showed that the average values of plant height,
number of seeds/plant, 100-seed weight, and seed vyield/fed. were
significantly affected by the interaction between irrigations treatments and
faba bean cultivars, over both seasons.

Table (4): Interaction between irrigation treatments and faba bean
cultivars on plant height, number of seed/plant, 100-seed
weight and seed yield/fed., over both growing seasons.

Faba bean Irrigation treatments

cultivars Iy | I | B | Ly

Plant height (cm)

Faba bean cultivars:

Sakha 1 128b 130b 134a 135a
Sakha 3 103d 106cd 108c 109c
Nubaria 1 117f 118ef 119e 119e

number of seeds/plant

Faba bean cultivars:

Sakha 1 19.8b 21.7ab 23.7a 23.7a
Sakha 3 17.0c 19.0b 21.8ab 22.3ab
Nubaria 1 14.8d 16.2cd 17.7c 18.0bc

100-seed weight (g)

Faba bean cultivars:

Sakha 1 72.8d 75.7cd 78.7c 78.9c
Sakha 3 89.2b 90.7b 91.4b 91.8b
Nubaria 1 103.3a 104.0a 105.1a 105.3a

Seed yield (ardab/fed.)

Faba bean cultivars:

Sakha 1 8.60e 9.25cd 9.47d 9.53c
Sakha 3 8.74e 10.16¢ 11.37a 11.53a
Nubaria 1 8.60e 9.88d 10.47b 10.70b

Means designed by the same letter at each cell are not significantly different at the 5%
level according to Duncan’s multiple range test.
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It is obvious form Table 4 that the highest mean values of plant height
was obtained from irrigation treatment of I3 and I with faba bean cv. Sakha
1. However, the lowest value of plant height was obtained from irrigation
treatment of |1 with faba bean cv. Sakha 3. Results in Table 4 revealed that
faba bean cv. Sakha 1 resulted in higher number of seeds/plant with
irrigation treatments of I+ and Is. While 100-seed weight of faba bean cv.
Nubaria 1 was higher than faba bean cvs. Sakha 1 and Sakha 3 under all
irrigation treatments. The highest seed vyield/fed. was obtained from faba
bean cvs. Sakha 3 with irrigation treatments of 14 and Is. These results could
be attributed to the varietal differences (Amer et al. 2006 and El-Deep et al.
2006).

Il. Soil water relations:

I.  Consumptive use (CU):

Seasonal consumptive use values for faba bean cultivars, as affected by
irrigation treatments and faba bean cultivars are presented in Table 5. It is
obvious that the consumptive use increased as the irrigation applications
increased. Faba bean plants of irrigation treatment of 14 has the highest value
of water consumption, followed by faba bean plants in the treatments of I3, I2
and l1, respectively. Means values of seasonal water consumptive use were
30.05 cm, 25.84 cm, 22.49 cm and 12.30 cm for irrigation treatments of I, I3,
Iz and I1, respectively. The most probably explanation for these results is that
more available soil moisture resulted from more irrigation times give chance
for luxury consumption of water, which ultimately resulted in enhancing
transpiration from faba bean plants, in addition to high water evaporation
from the soil.

Table (5):Monthly and seasonal water consumptive use (cm) as affected
by irrigation treatments and faba bean cultivars, over both

seasons.
Irrigation | Faba bean Months Water
treatments| cultivars Nov. Dec. Jan. Feb. | March | April |consumptive
use (cm)
Sakha 1 2.51 2.43 3.60 8.72 7.75 3.11 28.12
I Sakha 3 251 2.43 3.41 7.66 9.94 5.52 31.47
Nubaria 1 2.51 2.43 3.40 7.61 9.12 5.50 30.57
Mean 2.51 2.43 3.47 8.00 8.94 4.71 30.05
Sakha 1 251 2.43 331 6.21 7.84 3.05 25.35
I3 Sakha 3 2.51 2.43 3.21 4.99 7.97 5.09 26.20
Nubaria 1 2.51 2.43 3.20 4.97 7.91 4.95 25.97
Mean 251 2.43 3.24 5.39 7.91 4.36 25.84
Sakha 1 2.51 2.43 3.15 5.45 5.11 3.01 21.66
I2 Sakha 3 251 2.43 3.22 3.73 6.84 4.39 23.12
Nubaria 1 2.51 2.43 3.20 3.60 6.54 4.40 22.68
Mean 2.51 2.43 3.19 4.26 6.16 3.93 22.49
Sakha 1 251 2.43 1.32 1.66 2.60 121 11.71
I1 Sakha 3 2.51 2.43 1.77 2.03 3.06 1.22 13.02
Nubaria 1 2.51 2.43 1.72 1.69 2.66 1.14 12.15
Mean 251 2.43 1.60 1.79 2.77 1.19 12.30
Sakha 1 2.51 2.43 2.85 5.51 5.82 2.60 21.72
Overall Sakha 3 251 2.43 2.90 4.60 6.95 4.06 23.45
mean Nubaria 1 251 2.43 2.88 4.47 6.56 4.00 22.85

932



J. Agric. Sci. Mansoura Univ., 33 (1), January, 2008

Monthly consumptive use started with low amount of water when faba
bean plants were small, then it increased gradually as faba bean plants grow
up and reached its peak in March, then it decreased at the end of the season
with mature plants. The peak-use period usually occurs when the vegetation
is abundant and temperature is high. These results are in agreement with
those obtained by Abd El-Mottaleb and Abbas (1992), Abbas et al., (1994),
Ainer et al., (1993) and Meleha et al., (2004).

As for faba bean cultivars, data indicated that overall mean values of
water comsimptive use by faba bean cvs. Sakha 3 and Nubaria 1 was more
than faba bean cv. Sakha 1 by 8.0% and 5.2%, respectively, as shown in
Table 5.

2.2. Irrigation water requirements (IWR):

Results in Table 6 indicated that irrigation treatment of 14 required the
highest amount of water applied to be 47.2 cm (1982 m3/fed.), followed by the
treatments of Is, Iz, and |1 to be 39.1 cm (1642 m3/fed.), 27.6 cm (1159
m?3/fed.), and 18.8 cm (790 mé3/fed.), respectively. Sowing irrigation was the
same for all irrigation treatments. The average of the effective rainfall was 5.8
cm over both growing seasons. It is obvious that amount of irrigation water
applied was gradually increased as a result of growing up of a vegetative
growth that required higher amount of irrigation to meet its water
requirements, and then it decreased again. Theses findings may be attributed
to growth stages, and the availability of soil water content in the root zone.

Table (6): Amounts of seasonal irrigation water applied (cm) as affected
by the different irrigation treatments, as well as the amounts
of effective rainfall (cm), over both seasons.

Variables Date Irrigation treatments
|4 |3 |2 Il
Sowing irrigation | Nov. 8" 12.95 cm 12.95 cm 12.95 cm 12.95cm
(544 m3¥fed.) | (544 méffed.) | (544 m3fed.) | (544 m3/fed.)
The first irrigation | Dec., 8" 8.85cm 8.85cm 8.85cm
(372 m3¥fed.) | (372 mfed.) | (372 m3/fed.)
The second irrigation | Feb., 7t 11.50 cm 11.50 cm
(483m3fed.) | (483m3ffed.)
The third irrigation | March, 8.10 cm
gth (340.2 m®/fed.)
Irrigation water applied 41.4 cm 33.3cm 21.8 cm 12.95 cm
(1739 m3¥fed.) [(1399 m3/fed.)| (916 m®fed.) | (544 m®/fed.)
Effective rainfall* 5.80 cm 5.80 cm 5.80 cm 5.80 cm
(244.0 m¥fed.) |(244.0 m¥/fed.)|(244.0 m¥/fed.)| (244.0 m%/fed.)
Irrigation water 47.2 cm 39.1cm 27.6 cm 18.8 cm
requirements (IWR) (1982 mfed.) | (1642 m3/fed.)|(1159 m¥fed.)| (790 m/fed.)

*Effective rainfall = incident rainfall x 0.7 (Novica, 1979)

Faba bean water use amounts vary with the amount of water available

to the plant from the soil and how much comes as rainfall during the growing
season. For faba bean to grow without water stress in North Delta, Egypt,
approximately 41.4 cm (1739 mé3/fed.) of water would be required. This could
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come as a combination of stored soil water, growing season rainfall, and
irrigation.
Crop water use efficiency (CWUE):

Crop water use efficiency expressed in kg of seed yield/cm of water
consumed is presented in Table 7. Results obtained showed that CWUE
increased with low irrigation frequencies. Irrigation treatment of l1 resulted in
the highest value of CWUE to be 109.0 kg of seed yield/cm of water
consumed, while the lowest one was 54.5 kg of seed yield/cm of water
consumed, resulted from irrigation treatment of la. These findings could be
attributed to the high significant differences among seed yield of faba bean
cultivars in addition differences between water consumptive use occurs
among faba bean cultivars. The present results are in line with those reported
by Hassanein (2000), Ragheb et al., (2000) Oweis and Hachum (2003).
Shawky, et al. (2004) and Meleha et al., (2004) who mentioned that the
efficiency of water use had decreased as the soil moisture was maintained
high by the frequent irrigation.

Table (7): Average crop water use efficiency (kg seed vyield/lcm of
irrigation water consumed) as affected by irrigation
treatments and faba bean cultivars over both growing
seasons (2005/06 and 2006/07).

Variables Irrigation treatments Mean
lg I3 I I1
Faba bean cultivars:
Sakha 1 52.5k 57.99 66.2e 113.4a 72.5B
Sakha3 56.8h 67.3de 68.0d 104.0b 74.0A
Nubaria 1 54.3i 62.5f 67.5de 109.7¢c 73.5AB
Mean 54.5D 62.6C 67.2B 109.0A

Means designed by the same letter at each cell are not significantly different at the 5%
level according to Duncan’s multiple range test.

As for faba bean cultivars, data in Table 7 showed that faba bean cv.
Sakha 3 significantly increased CWUE by 2.1% and 0.7% compared to faba
bean cvs. Sakha 1 and Nubaria 1, respectively. It means that faba bean cv.
Sakha 3 and Nubaria 1 utilized irrigation water more efficiently than faba
bean cv. Sakha 1.

The interaction between irrigation treatments and cultivars in Table 7
showed that the highest CWUE was 113.4 kg seed yield/cm of water
consumed resulted from irrigation treatment of 11 using faba bean cv. Sakha 1
while the lowest one was 52.5 kg seed yield/cm of water consumed resulted
from irrigation treatment of I4 using faba bean cv. Sahka 1. In this respect, the
water use efficiency of faba bean cultivars increased markedly with
increasing water deficit. So, water use efficiency significantly varied among
the cultivars.

2.4. Field water use efficiency (FWUE):

Mean values of field water use efficiency as affected by irrigation
treatments and faba bean cultivars are presented in Table 8. Results
indicated that the highest values of FWUE were recorded from the irrigation
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treatment of I1 whereas the lowest one was obtained from irrigation treatment
of l4. These results could be attributed to the significant differences among
faba bean seed yield, and evapotranspiration due to water applied values. It
can be recommended to irrigate faba bean 3 times including sowing irrigation
since the reduction in seeds yield was 1.4% against 17.2% of saving irrigation
water applied compared with irrigation 4 times.

Data illustrated in Table 8 showed that the three tested cultivars were
differed significantly with regarding to FWUE. Faba bean cultivars cv. Sakha
3 exceeded faba bean cvs. Sakha 1 by 10.6% and Nubaria 1 by 4.5%,
respectively.

The interaction between irrigation treatments and cultivars in Table 8
showed that the highest FWUE was 72.1 kg seed yield/cm of water applied
resulted from irrigation treatment of 11 using faba bean cv. Sakha 3 while the
lowest one was 31.3 kg seed yield/cm of water applied resulted from irrigation
treatment of l4 using faba bean cv. Sahka 1.

Table (8):Average field water use efficiency (kg seed yield/cm of water
applied) as affected by irrigation treatments and faba bean
cultivars over both growing seasons (2005/06 and 2006/07).

Variables Irrigation treatments Mean
lg I3 I I1
Faba bean cultivars:
Sakha 1 31.3l 37.5h 52.0e 70.6b 47.9C
Sakha3 37.8i 45.1f 56.9¢ 72.1a 53.0A
Nubaria 1 35.1k 41.5g 55.4d 70.9b 50.7B
Mean 34.8D 41.4C 54.8B 71.2A

Means designed by the same letter at each cell are not significantly different at the 5%
level according to Duncan’s multiple range test.

Soil moisture extraction pattern (SMEP):

Data of mean values of soil moisture extraction percentages in the
upper 60 cm of soil depth are presented in Table 9. Results showed that the
highest percentage of moisture uptake was occurred at the surface layer 15
cm of the soil profile, while less water was extracted from the successive
depths. Means percentage values of water removed from the upper 30 cm
soil layer were 76.93%, 72.20%, 66.43% and 63.48% from 0-30 cm soil layer
for 14, 13, I2, and l1 respectively. However, the respective values were 23.07,
27.80, 33.57 and 36.52% withdrawn from the lower 30-60 cm. These values
showed that when the soil is kept wet due to multiple irrigation, more water is
extracted from the upper 30 cm soil layer. On the other hand, when soil
moisture content of the surface layer was subjected to water deficit, as a
result of irrigation treatment of 11, plants of faba bean tended to extract its
water requirements from deeper soil layers. These findings could be
attributed to the fact that most of faba bean plants roots are concentrated in
the upper soil layers and those roots are the most effective in water
extraction. Similar results were found by Chimenti et al. (2006) who showed
that crops extracted significant more water from deeper layers in the soil
profile during the stress period.
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As for faba bean cultivars, data in Table 9 showed that there is no
effect on this trait, and the values were about the same.

Table (9): Percentage of soil moisture extraction by roots form
different layers as affected by irrigation treatments and faba
bean ultivars, over both seasons.

Faba |Percentage of soil moisture extraction
bean in d?fferent soil depths (cm) Mean of SMEP

cultivars| 0-15 15-30 30-45 45- 60 0-30 30-60

Sakha 1 49.60 27.02 16.82 6.56 76.62 23.38

la Sakha3 49.84 27.32 17.06 5.78 77.17 22.84

Nubaria 1| 49.78 27.21 17.00 6.01 76.99 23.01
Mean 49.74 27.18 16.96 6.12 76.93 23.07

Sakha 1 44,53 27.40 18.20 9.87 71.93 28.07

Sakha3 44.77 27.65 18.46 9.12 72.42 27.58

Nubaria 1| 44.68 27.58 18.40 9.34 72.26 27.74

Mean 44.66 27.54 18.35 9.44 72.20 27.80

Sakha 1 38.45 27.64 20.16 13.75 66.09 33.91

I2 Sakha3 38.72 27.96 20.40 12.92 66.68 33.32

Nubaria 1| 38.63 27.88 20.25 13.24 66.51 33.49

38.60 27.83 20.27 13.31 66.43 33.57

Sakha 1 35.19 28.01 21.44 15.36 63.20 36.80

I Sakha3 35.44 28.34 21.64 14.58 63.78 36.22

Nubaria 1| 35.36 28.10 21.55 14.99 63.46 36.54

Mean 35.33 28.15 21.54 14.98 63.48 36.52

Sakha 1 41.94 27.52 19.16 11.39 69.46 30.54

Mean of [|Sakha3 42.19 27.82 19.39 10.60 70.01 29.99

irrigation  |Nubaria 1| 42.11 27.69 19.30 10.90 69.80 30.3

Overall mean 42.08 27.68 19.28 10.96 69.76 30.24

Irrigation
treatments

Regression and correlation coefficient:

Equations in Table 10 indicated that each centimeter of water applied
produced 10.5 kg seed vyield/fed. and enhanced water consumptive use of
faba bean plants by 0.6 cm.

Table (10): Regression equations and correlation coefficient (r) between
irrigation water requirement in cm (IWR) and each seed yield
in kg/fed., water consumptive use (cm), crop water use
efficiency (CWUE) and field water use efficiency (FWUE).

Variables Equation r
Seed yield Y=1178 +10.5 (IWR) 0.96 **
CcuU Y =3.2+0.6 (IWR) 0.94 **
CWUE Y =130-1.7 (IWR) - 0.80 **
FWUE Y =93-1.3(WR) -0.79**

On the other hand, the increments in irrigation water requirements for
faba bean plants decreased crop water use efficiency (CWUE) by 1.7 kg
seed yield/cm of water consumed and field water use efficiency (FWUE) by
1.3 kg seed yield/cm of water applied as shown in Table (9). This results
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because an irrigation water requirement (IWR) is essential to develop a large
plant canopy and early ground cover to increase yield of seeds of faba bean.
Irrigation water requirements (IWR) was significantly and positively correlated
with seed yield (r = 0.96), and water consumptive use (r = 0.94). However, it
was negatively correlated with CWUE (r = -0.80) and FWUE (r = -0.79).
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