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ABSTRACT

Field experiments were conducted during two successive growing seasons 2010-2011 to study the effect
of skipping two irrigations at different growth stage and phosphorous levels on some growth characters (Seed
weight per plant (g), Number of seed per plant, Number of branch per plant, Plant height (cm), Number of
pods per plant and 100 seed weigh (g)) of two faba bean varieties (GB and G416) grown in clay loam soil.
Phosphorous was applied at the rate of 10 (P3), 15 (P2) and 20 (P1) kg P2O5 / fed during seed bed preparation.
Faba bean was planted on the 1st week of November, and growing season lasted 150 day. The drip irrigation
regimes used were: irrigation allover the irrigation season at 100% of ETc (IR1), as IR1 and skipping two
irrigation at the floral initiation stage (IR2), as IR1 and skipping two irrigation at flowering stage (IR3) and as
IR1 and skipping two irrigation at podding stage (IR4). Data obtained indicated that GB surpassed G461 in all
the growth characters except plant height. Skipping two irrigations and decreasing the applied phosphorus
adversely affected the growth characters and the differences were significant at the 5% level. Faba bean
stressing must be avoided at flowering stage. Under deficit irrigation in arid and semi arid regions, faba bean
can be water stressed at podding stage and achieves comparative growth characters and saves 11.4% of
irrigation requirement, relative to the control (IR1).
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Introduction

Water is the most limiting natural resources for agricultural production in arid and semi-arid regions.
Nowadays the total annual water resources of Egypt are about 67.27 billon m3 Abo Zied.2000. The agricultural
sector consumes almost 80 - 90 % of the total water allocated to Egypt. The ever increasing of the Egyptian
population and the limited water resources led to a steady decrease in per capita share of water. Therefore,
decreasing plant water consumption through using more efficient irrigation methods Tayel et al. 2007. plant
breeding technology, longer irrigation intervals, higher moisture depletion, skipping irrigation during the early
vegetative growth or during maturation stage, and timing the length of irrigation interval with the stage of plant
growth Faki (1991) This will save irrigation through reducing number of irrigation but still attain similar
economic yield.

Irrigation should take place while the soil water potential is still high enough that the soil can and does
supply water fast enough to meet the local atmosphere demands without placing the plants under stress that
would reduce yield or quality of the harvested crop Taylor (1965). He add that although, a high water status
through out the growing season is necessary to maintain unimpaired crop growth and high economic yield, the
imposition of some stress by longer irrigation interval, higher moisture depletion or skipping irrigation during
the early vegetative growth stage and / or the maturation one could still attain  similar economic yields as well
as saving irrigation water. Timing the length of irrigation interval with the stages of crop growth might bring
about a reduction in irrigation number and result in an economic crop yield. Hodges and Heatherly.1983.
reported that water stress imposed on soybean through out the growing stages reduced vegetative growth and
affects flowering and yield. Meckel et al (1984) claimed that water stress shortens the grain – filling stage and
lowers yield. Therefore, soybean needs frequent irrigation to avoid yield loss. Brown et al (1985) showed that
water stress at either flowering stage or pod elongation one significantly reduced soybean yield. They added
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that water deficit at flowering stage resulted in greater yield loss than at pod elongation one and that water
stress during early reproductive growth many increase flowers and pods abortion. Grimes et at (1988) stated
that the efficient production of food and fiber crops in arid and semi – arid regions of the world depends on
proper irrigation timing and the application of an optimum water amount at each irrigation. Salih (1992)
reported that the irrigation intervals of 7 and 14 days had no effect on faba bean height. Foroud et al (1993)
indicated that water deficit during flowering stage had little effect on seed yield of soybean whereas, during
pod elongation and seed enlargement stages the effects were significant.Farag and El-Shamma(1994) indicated
that the highest values of of stem length was obtained by irrigation broad bean plant at 7 days intervals. El
– Adel (2000) found that the highest yield of pea (5563 and 1020 kg / fed. Green pods and dry grain,
respectively) was obtained in the treatment (surge drip, fertigation and irrigation at 100% of ETc). He(2001)
indicated that the highest seed yield of peanut (1190 kg / fed.) was achieved by irrigation every day using 100
% of ETc and traditional fertilization. The result of Singer et al (2001), on two snap bean cultivars (Giza 3
and Bronco) showed that plant highest number of leaves, chlorophyll content, number of flowers and their set
percent of both cultivars were significantly affected by water stress. They concluded that irrigation with 75 and
100% of field capacity were most preferable for Bronco, and Giza 3, respectively. Balasio et al (2006) studied
the response of faba bean to different irrigation intervals (14, 21 and 28 days) on grain yield and the incidence
of insect pests on the crop in relation to two stages of growth. They found that the irrigation intervals 28 and
14 days during the vegetative and reproductive stages respectively gave the highest grain yield in the two
seasons. Irrigation at 28 days intervals received only 6 irrigations with a total amount of irrigation water of
about 4464 m3 ha-1 compared to 8 irrigations and total amount of irrigation water of about 7429 m3 ha-1 under
the 14 day irrigation intervals through the grown season. Thus two irrigations and 2965 m3 ha-1 were saved.
El- Dakroury (2008) found that increasing irrigation treatment from 60 to 100% of the ETo significantly
increased growth criteria at the 5% level. i. e. plant height, number of branches, leaves and pods / plant, leaves
area, and dry weight of both stem and total plant. Abdel Ghaffar (1988) studied the effects of certain
agricultural practices on nodulation, N fixation on faba bean (Vicia faba ) growth. He added that application
of 18-48 kg N ha-1 and 30-45 kg p ha-1 stimulated nodulation enhanced N2 fixation and produced the highest
yield. Response of faba bean to p fertilization is quadratic between 0 and 75 p ha-1. El- Gizawy and Mehasen
(2009)found that adding 30 kg p2o5 fed-1 mixed with phosphate dissolving bacteria markedly increased plant
height, number of branches and pods / plant, 100-seed weight (seed index ), seed yield plant-1 and seed and
straw yield fed-1. Alderfasi and Alghamdi (2010) conducted field experiments in split – split plot design to
identify the effective irrigation treatments (50,75 and 100% of soil water holding capacity) in the presence of
different levels of PO and KO fertilizers on seed yield and yield component of faba bean. The obtained results
indicated that the highest plant vigor was at watering up to 75% of water holding capacity in the presence of
100 and 200 kg ha-1 of PO and KO, respectively. The objective of this work was to study the effect of
irrigation regimes and phosphorus level on yield and growth characters of two varities of faba bean (Giza 461
and Giza Blanka).

Materials and methods

Field Experiments:

Field experiments were conducted in two successive growing seasons 2010 and 2011 to study the effect
of irrigation regimes and phosphorus fertilization level on growth and growth characters of two verities of faba
bean grown in clay loam soil. Table 1.

Table 1: Some soil physical properties of the experiment of site.
Sample depth, cm 0-15 15-30 30-45

Particle Size Distribution, % Coarse Sand 5.20 2.10 3.00
Fine Sand 9.20 9.20 2.05
Silt 27.30 28.20 28.85
Clay 58.30 60.50 66.10
Texture class C.L C.L C.L

θw % F.C. 34.84 34.57 33.60
W.P. 19.59 19.87 19.00
A. W. 15.25 14.70 15.25

1.19 1.12 1.08
where : B.D. (g/cm3)
F. C : Field capacity
B.D : Bulk density
W. P :Welting point
C. L : Clay loam
A.W : Available water
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Experiment Layout:

The experiments were carried out in split-split plot design with three replicates. The main, sub main and
sub-sub main plots were devoted for faba bean varieties, phosphorous treatments and irrigation regimes,
respectively.

Fertilization Treatments:

Phosphorus and N fertilizers were applied at the rate recommended by Ministy of Agriculture and Land
Reclamation i.e. 20, 15 and 10 kg of p2o5 /fed. in the form of super phosphate (F1, F2 and F3) and 35 kg N
/fed. as ammonium nitrate 33.5%. Both P2O5 and N were broadcasted during seedbed preparation. Both of the
two faba bean varities were sown in rows 60 cm apart and hills were spaced 10-15 cm apart. 

Method of Irrigation:

Surface drip irrigation method was used.. Standard drippers were spaced 0.5 m apart along 50 m lateral.
Dripper discharge is 4 Lh-1. 

2.5. Potential Evapotranspiration Irrigation Intervals And Irrigation Water Requirements:

Potential Evapotranspiration (ETP),

(ETP) mm/day was calculated using the following equation Of Hargreave and Samani (1982).
ETP = 0.0075 × TF × SS × KS × ETR -------(1 ) 

where:
ETP = Potential evapotranspiration, (mm/day)
TF = Mean daily temperature, (F)
TF(100 x n / N) 0.5
SS = Sunshine coefficient, 
N = Mean daily duration of maxmum possible sunshine hours hours
n = Actual mean daily duration of sunshine, hours
KS = Solar radiation coefficient, 
KS = 0.097 - 0.00042 × RH
RH = Mean daily relative humidity, (%)
ETR = Extra terrestrial radiation, mm/day
Irrigation Interval In Day (I):

I =( A.W ×  A.D ×  Rd / ETc) ×  Ei -----------(2 )

where:
I = Allowable intervals between two irrigation, (day)
A.W = Available soil water,
Aw = F.C - P.W.P, (mm/m)
F.C = Field  capacity, (mm)
P.W = Permanent wilting point, (mm)
A.D = Allowable soil moisture depletion below field capacity (%)
Rd = Rooting depth, (cm)
ETc = Actual evapotranspiration, ETa = ETP * KC, (mm/day)
KC = Crop coefficient  
Ei = Irrigation efficiency, (%)

Irrigation water requirements (IR):

IR was calculated in m3 / fed. (fed. = 4200 m2) using the following equation:
IR = ETc × I ( 1+ LR) × 4.2 ---------(3 )
where:
IR = Water requirement, (m3/fed)
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LR  = Leaching requirement {ECIW / 2  ECDW} and ECIW  and ECDW = EC of irrigation water and drainage
water, respectively in ds/m.

Irrigation Regimes:

Plants ware irrigated using the four following irrigation regimes:
IR1 =100% of ETc throughout the irrigation season, 
IR2 =100% of ETc and skipped two irrigations at the floral initiation stage, 
IR3=100% of ETc and skipped two irrigations at flowering stage, 
IR4 =100% of ETc and skipped two irrigations at podding stage,

The plants were harvested at the last week of March next year i.e. grown season lasted 150 days. 
During and at the end of the grown season, some growth characters were measured. Data obtained were

subjected to the proper statistical analysis after Snedcor and Cochran (1982) The means were verified according
to Duncan (1955) multiple range test. 

Resaluts and discussion

Main effects of faba bean varieties figures (1,2,3,4,5;6) showed the main effects of faba bean varieties on
growth parameters i.e. plant height, no. of (pods, seeds, branches )/ plant, seeds weight/ plant and weight of
100 seeds (seed index), respectively. The obtained data indicated that the varity GB exceeded the G461one
in all the studied growth and growth characters except plant height.

Table 2. illustrated that the values of the vegetative growth parameters (1,2,3,4,5) of Varity G.B surpassed
those of G461 one by 52.2, 137.8, 43.5, 60.7 and 51.8 %, respectively. Thus, the differences in the studied
parameter were significant at the 5% level, regardless of irrigation regime and p treatment. Table 2. This must
be due to the differential expressively of certain genes during autogenetic processes and response of each
cultivar to the environmental conditions which is expressed in the form of branches no. / plant.

Regard less of faba bean varieties and p treatments, the data of Table 2 and Figures (1-5) demonstrated
the effect of irrigation regimes on the characters under study. Based upon the obtained values of the studied
characters, irrigation regimes could put in the flowing ascending order: IR3 < IR4 < IR2 < IR1. The differences
in investigated characters among irrigation regimes were significant at the 5% level. This may be due one or
more of the following reasons:

Fig. 1: Effect of irrigation regimes and levels of phosphorous on plant height.
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(1) water stress decreased plant photosynthesis and subsequently growth characters, (2), water stress
decreased nodules numbers which are the active sites for gaseous N fixation symbiotically, (3) leaves wilting
and pores closing and (4) leaves and flowers abscission.

The main effect of phosphorus on the studied traits could be written the following ascending order P3<P2<
P1 i.e values of the studied characters increased with increasing the P applied (10-20 kg P2O5 / fed.). This
could be explained on the basis that p is an essential major nutrient especially for legumes, Egyptian soil is
poor in the available phosphorus and p is required for nodules formation.

Fig. 2: Effect of irrigation regimes and levels of phosphorous on pods No. / plant.

1 st interaction:

Faba bean Varities × Irrigation Regimes:

All the values of the studied characters in the GB × IR surpassed those of the G461 × IR except plant
height. For the two varieties, the depressive effects of the interaction on the obtained values of the characters
could arranged in the following descending order GB or G461 × IR1  <GB or G461 × IR2 < GB and/or G461×
IR3 < GB and /or G461 × IR4. The difference between any two interactions was significant at the 5% level.
It can be noted that the highest and lowest values of two varsities characters were obtained in the interactions
GB or G461 ×IR1 and GB or G461 × IR3, respectively.

Faba Varieties × P:

At the same P2O5 level, characters values of GB were higher than those of G461. According the values
of characters under study, the interaction could stated as follows: GB/or G461 × P1> GB and/or G461 × P2

> GB and/or G461 × P3. Differences were significant at the 5% level in all cases. The highest and lowest
values of characters were achieved in the GB and/or G461×P1( 20 kg P2O5 / fed.) and GB and/or G461×P3(10
Kg P2O5 /fed.) respectively.
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Fig. 3: Effect of irrigation regimes and levels of phosphorous on seeds No. / plant.

Fig. 4: Effect of irrigation regimes and levels of phosphorous on branches No. / plant.
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IR×P:

At the same stressed stage, increasing P level increased the obtained values of the characters under study.
Whereas at the same F level, the values depend up on the stress stage .The highest and the lowest ones were
in the interaction IR1 × P1 and IR3 × P3, respectively. Differences were significant at the 5 %, respectively in
all cases. 

Table 2: Effect of faba bean verity, irrigation regimes and levels phosphorus on plant characteristics.
Treatments seeds weight/plant (g) No. of seeds/ plant  No. of pods/plant No. of Branch/plant Plant height (cm) 100 seed wt. (g)
Giza 416 27.950 b 25.026 b 11.102 b 2.870 b 100.790 a 28 B
Giza bulnka 42.530 a 59.510 a 15.929 a 4.611 a 81.229 b 42.5 A
IR1 35.866 a 43.650 a 13.859 a 4.024 a 92.682 a 35.9 A
IR2 35.410 b 42.600 b 13.678 b 3.853 b 92.079 b 35.4 B
IR3 34.582 d 41.866 d 12.987 d 3.400 d 88.030 d 34.6 D
IR4 35.078 c 42.294 c 13.540 c 3.660 c 91.768 c 35.1 C
P20 36.275 a 43.170 a 13.770 a 3.920 a 94.270 a 36.3 A
P15 35.315 b 42.240 b 13.361 b 3.790 b 90.690 b 35.3 B
P10 34.110 c 41.520 c 13.180 c 3.420 c 88.260 c 34.1 C
Means with different letters within each column are 
significant at a 0.05% level.

Table 3: First interaction between faba bean Varity, irrigation and phosphorus fertilizer on studied traits in 2010 and 2011 seasons.
Treatments seed weight per plant (g) No. of seeds/ plant  No. of pods/plant No. of Branch/plant plant height (cm) 100 seed wt. (g)
G461x IR1 28.530 e 25.900 e 11.450 e 3.016 e 103.530 a 68.1 E
G461x IR2 28.136 f 25.400 f 11.280 f 2.896 f 102.730 b 66.36 F
G461x IR3 27.400 h 25.030 h 10.573 h 2.750 h 95.510 d 65.5 H
G461x IR4 27.696 g 25.203 g 11.106 g 2.850 g 102.430 c 65.9 G
GBx IR1 43.200 a 60.200 a 16.267 a 5.030 a 81.830 e 97.9 A
GBx IR2 42.670 b 59.760 b 16.076 b 4.810 b 81.430 f 97.16 B
GBx IR3 41.670 d 58.700 d 15.400 d 4.313 d 80.590 h 96.1 D
GBx IR4 42.510 c 59.380 c 15.973 c 4.470 c 81.103 g 96.86 C
G461xP20 28.400 d 26.330 d 11.397 d 2.990 d 103.385 a 68.03 D
G461xP15 28.200 e 25.370 e 11.180 e 2.930 e 100.700 b 66.75 E
G461xP10 27.280 f 21.950 f 10.730 f 2.710 f 97.950 c 64.63 F
GBxP20 44.150 a 60.030 a 16.150 a 4.850 a 85.140 d 98.35 A
GBxP15 42.500 b 59.125 c 16.007 b 4.665 b 79.930 e 97.95 B
GBxP10 40.950 c 59.390 b 14.070 c 4.133 c 78.580 f 94.7 C
IR1xP20 37.000 a 43.850 a 13.910 b 4.200 a 95.700 a 84.5 A
IR1xP15 35.750 d 42.850 d 13.600 e 4.000 c 92.350 d 83.3 B
IR1xP10 34.850 i 42.450 e 13.915 a 3.875 f 90.000 h 81.2 I
IR2 xP20 36.400 b 43.400 b 13.665 d 4.100 b 95.290 b 83.1 C
IR2xP15 35.350 f 42.300 g 13.455 g 3.940 d 91.950 e 82.4 E
IR2 xP10 34.450 j 42.150 h 13.350 h 3.615 i 88.995 i 79.8 J
IR3xP20 35.550 e 42.350 f 13.205 j 3.605 j 90.870 g 82.2 F
IR3 xP15 35.000 h 41.750 j 12.205 l 3.465 k 87.550 k 81.6 H
IR3xP10 33.200 l 41.500 l 12.405 k 2.870 h 85.650 l 78.6 L
IR4 xP20 36.150 c 43.100 c 13.760 c 3.876 e 95.210 c 82.95 D
IR4 xP15 35.095 g 42.100 i 13.600 ef 3.785 gf 91.700 f 82.1 G
IR4xP10 33.950 k 41.685 k 13.260 i 3.320 l 88.400 j 79.1K
Means with different letters within each column are significant at a 0.05% level.

Conclusion:

In conclusion, irrigation water requirements for both faba bean varieties using drip irrigation were 1372,
1216, 1293 and 1308 m3/fed. under irrigation regimes of: IR1, IR2, IR3and IR4, respectively. The superiority
of GB over G461 is quite obvious in most all the studied growth characters except in plant height. It is worthy
to mention that the highest value, of growth characters was achieved using IR1 no water stress during growth
stages and P3 whereas, the lowest ones was achieved using IR3 (stress at flower stage ) and P1. Due to water
resources limitation at in arid and semi arid regions deficit irrigation is a must. Data on hand showed that both
verities must not be stressed during flowering stage (IR3) on the other hand they can be stressed using IR2 and
/or IR4. This will save 156; 64 m3 of water /fed., respectively relative to IR1 i.e. 11.4; 4.7%
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Fig. 5: Effect of irrigation regimes and levels of phosphorous on seeds weight / plant 

Fig. 6: Effect of irrigation regimes and levels of phosphorous on 100 seeds weight / plant
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