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ABSTRACT 
 
 Field experiments were carried out in clay loam soil during two successive growing seasons to study the 
effect of skipping two irrigations at different growth stages and phosphorous levels on yield, water and 
phosphorous use efficiency of faba bean varieties (Giza Blanka,GB and Giza 461,G461). Phosphorous was 
applied at the rate of P1, P2, and P3 (20, 15 and 10 Kg P2O5 fed -1) during seedbed preparation. Faba bean seeds 
were planted on the 1st week of November and growing season lasted 150 days. Surface drip irrigation method 
was used. Irrigation water was applied at the rate of 100% of ETc. Plants were subjected to the following 
irrigation regimes : IR1= continuous irrigation, concerning the other 3 irrigation regimes IR2, IR3 and IR4, two 
irrigations were skipped at floral initiation, flowering and podding stages, respectively. At the end of the growing 
season, seeds and straw yield fed.-1,water and phosphorous use efficiency were calculated. Data obtained could 
be abbreviated in the following: 
1) Under drip irrigation, the seasonal irrigation water applied were: 1372, 1216, 1293 and 1308 m3 fed.-1 for 

IR1, IR2, IR3 and IR4, respectively. 
2) GB varity surpassed the G461 one in all parameters under study. 
3) Faba bean crop must not be water stressed in the flowering stage (IR3). 
4) Under deficit irrigation in arid and semi – arid regions using the treatments (GB; IR2; P1) and (GB.; IR4; P1) 

saved 11.4 and 4.7 of irrigation water and in the same time achieved comparable yield. And 
5) Seed yield, straw yield, water use efficiency and phosphorous use efficiency ranged 1.578- 2.770, 2.61- 5.29 

ton fed. -1, 1.219- 2.135 Kg seed m-3 of water and 113.1- 197.85 Kg seeds / Kg P2O5 according to faba bean 
variety, irrigation regime and phosphorous applied. 

 
Key words: Faba bean variety, Phosphorous applied, Irrigation regime, Yield, Water and phosphorous use 

efficiency. 
 

Introduction 
 
 Although a high soil water potential throughout the growing season is necessary to maintain unimpaired 
crop growth and high economic yield, the imposition of some stress by longer irrigation intervals, higher 
moisture depletion or skipping irrigation during the early vegetative or during maturation could still attain 
similar economic yields as well as saving irrigation water and improving water use efficiency (Taylor, 1965). 
The authors will abbreviate different techniques used in water regimes management. Concerning irrigation with 
different amount of water expressed as a percent of ETo, ETc, soil water holding capacity and as a (irrigation 
requirement / cumulative ban evaporation) ratio, it was obvious that yield (quantity and quality), growth 
characters and water use efficiency increased with increasing irrigation water applied up to specific amounts 
depending on crop species, climate, irrigation method and soil (Tayel et. al., 2007; Sabreen, 2009 and El- 
Dakroury,2008). The effect irrigation at different soil water metric potential has been used by Hedge and 
Srinivas (1989), Pezzetti et. al., (1993) and Barrios- Diaz et. al., (2006) on yield of frensh bean, phaseolus 
valgaric, and garlic ( Allium sativum), respectively. Soil water potential treatments used were : (-125, -45, -56 ; -
85 kpa), (0.04, 0.07, 0.3; 1.5 Mpa) and (25- 50, 20-30; 5-10 Kpa) in the case of french bean, phaseolus valgaric  
and garlic, respectively. The greatest yields of french bean was obtained in the treatment -45 Kpa. Concerning 
both phaseolus and garlic crops, their yield decreased with decreasing soil water potential. The effect of crops 
stressing at different growth stages on their yield had been practiced by many authors. This technique could be 
achieved through skipping irrigation, increasing intervals between irrigation and increasing soil moisture 
depletion. According to Faki (1991) timing the length of irrigation intervals with the stage of crop might bring 
about a reduction in the number of irrigations and results in an economic yield. Sutherl and Danileson (1980), 
found that water stress during flowering followed by full irrigation would increase yield of sunflower. Hodges 
and Heatherly (1983), reported that water stress imposed on soybean reduced yield. Meckel et. al., (1984) 
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claimed that water stress short end the grain filling stage and lowered yield of soybean. Brown et. al., (1985) 
showed that water deficit at either flowering or pod elongation stage significantly reduced soybean yield. Grimes 
et. al., (1988)  reported that the efficient production food and fiber crops in arid and semi-arid regions of the 
world depends on proper irrigation timing and application of the optimum water amount at each irrigation. Yazar 
et. al., (1989) indicated that soybean is quite susceptible to water stress during, grain filling and vegetative 
stages, respectively. Foroud et. al., (1993)  mentioned that water deficit during flowering stage had little effect 
on soy bean,s yield, whereas during pod elongation and seed enlargement stages the effect was significant. Xia 
(1994) found that seed yield of soybean exposed to water stress at floral initiation was virtually unaffected, while 
those stressed from the start of pod development to full pod develop set had reduced seed yield by up to 38%. 
Calvache et. al., (1997) conducted two field experiments on common bean (phaseolus vulgaris L.) grown in 
sandy loam soil under different irrigation regimes i.e. normal watering, full stress, traditional management 
practice and single stress at vegetative, flowering, seed formation, and ripening stages. Their data showed that 
the stressed treatments had lower yield than the others. They added that the flowering stage was the most 
sensitive to water stress and water use efficiency was the lowest in treatments stressed at flowering period. 
Boutraa and Sanders (2001) studied the effect of water stress at two stages (flowering and pod filling) on yield of 
bean (phaseolus vulgaris L.). They found that stressing plants at flowering and / or pod filling stages reduced 
yield. Isik et. al., (2005) found that water stress after flowering had the most negative effect on the yield of dry 
bean. Tayel and Sabreen (2011) stated that all growth characters of vica faba (GB) surpassed those of (G461) 
expect plant height.  They added that skipping two irrigations affected negatively growth characters and faba 
bean must not be stressed at flowering stage.  
 According to Seholberg and Locascio (1999) phosphorus concentration in snap bean (phaseolous valgaris) 
increased with  increasing water applied from 0.75 to 1.5 of ETo. El- Gizawy and Mehasen, (2009)  studied the 
effect of phosphorous treatments (0, 15 and 30 KgP2O5 fed.-1) alone and mixed with phosphate dissolving 
bacteria (PDB) on yield (seed and straw) of faba bean and the uptake of P. Their results showed that the highest 
yield of straw and seed fed.-1 and P uptake were obtained from the treatment: 30 Kg P2O5 fed.-1 mixed with PDB. 
In field experiments conducted by Alderfasi and Alghamdi (2010) to identify the effective different irrigation 
regimes (irrigation up to 50, 75 and 100 of soil water holding capacity) in the presence of different levels of P2O5 
and K2Oon seed yield and water  use efficiency (WUE) of faba bean. They found that the treatment : irrigation 
up to 75% of soil water holding capacity + 100Kg P2O5 fed.-1 + 200 Kg fed.-1 achieved the highest seed yield and 
WUE. On Nitisols of central Ethiopian high land, Agegnehu and Fessehaie (2010) found that  phosphorous 
application at the rate of 10,20 and 30 Kg P2O5 ha-1 resulted in mean seed increase of faba bean (vicia faba L) = 
20, 41 and 53% relative to the control, respectively. Ahmed (1998) found that application of (18-48Kg N + 30-
45 Kg P2O5) fed.-1 for faba bean (vicia faba) stimulated, enhanced N2 fixation and produced the highest yield. He 
added that the response of faba bean to P2O5 fertilization is quadratic between 0 and 75 Kg fe.d.-1  
 This work aimed to study the effect of irrigation regimes and phosphorous treatments on yield and both 
water and phosphorous use efficiency using two vica faba varities.  
  
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 yield, water and phosphorus use efficiency of two 
verities of faba bean grown in clay loam soil.  
 
Table 1: Some soil physical properties of the site. 

Sample 
depth cm 

Particle Size Distribution, % θw % at B.D. 
(g/cm3) Coarse 

Sand 
Fine 
Sand 

Silt Clay 
Texture 

class 
F.C.       W.P. A. W. 

0-15 0.81 27.8 41.44 29.95 C.L 35.45 19.2 16.25 1.19 
15-30 0.7 27.5 41.00 30.8 C.L 35.2 19.44 15.76 1.12 
30-45 0.61 27.8 38.45 33.14 C.L 34.7 19.8 14.9 1.08 

 
where: 
F.C: Field Capacity, B.D:  Bulk Density,  W.P: Wilting Point,  A.W: Available Water 
 
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. 
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Fertilization Treatments: 
  
 Phosphorus and N fertilizers were applied at the rate recommended by Ministy of Agriculture and Land 
Reclamation i.e. 10, 15 and 20 kg of P2O5 fed. -1in the form of super phosphate (P3, P2 and P1) and 35 kg N fed.-1 
as ammonium nitrate 33.5%. Both P2O5 and N were broadcasted during seedbed preparation. Both seeds of the 
two faba bean varieties were sown in rows 60 cm apart and hills were spaced 10-15 cm apart.On the 1 st week of 
November. 
 
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. 
 
Potential Evapotranspiration Irrigation Intervals And Irrigation Water Requirements: 
 
 Potential Evapotranspiration, (ETP) mm day-1 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, TF  (100 x n / N) 0.5 (F) 
SS = Sunshine coefficient,  
N  = Mean daily duration of max. possible sunshine hours (hours) 
n = Actual mean daily duration of sunshine,  (hours) 
KS = Solar radiation coefficient, KS = 0.097 - 0.00042 x 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. -1( fed. = 4200 m2) using the following equation : 
IR = ETc × I ( 1+ LR) × 4.2          (3) 
where: 
IR = Water requirement,  (m3/fed) 
LR   =  Leaching requirement {ECIW / 2  ECDW} and ECIW  and ECDW = 

 EC of irrigation water and drainage water, respectively in ds m-1.  
 

 
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.  
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Total Yield: 
 
 The total yield of each treatment was determined using a frame 1m × 1m size. The frame was placed 
randomly and the seed and straw of faba bean plants within the frame were weighted.  
 
Water Use Efficiency (WUE): 
 
 This terminology refers to faba bean yield/ cubic meter of irrigation water. It was calculated according to 
Israelsen and Hansen (1962) as follows: 

 
WUE = Y / W          (4) 

 
Where: 
WUE = Water use efficiency (Kg  m-3), 
Y = Total seeds yield  (Kg seed fed.-1), and 
W = Total water applied  (m3). 
 
Fertilizer Use Efficiency (FUE): 
 
 This terminology refers to the production of crop yield / kilogram of P2O5. It was calculated according to 
Israelsen and Hansen (1962),  as follows: 

 
PUE = Y / P          (5) 
 
where: 
PUE = Phosphorus use efficiency  (Kg seeds  kg-1 P2O5), 
P = Amount of the fertilizers applied  (kg P2O5 fed.-1). 

 
Results and Discussion 
 
 Figs (1,2,3 and 4) indicated that all the studied parameters i.e. (seed, straw yield ) in ton fed.-1 and efficiency 
of both water ( Kg seeds yield m-3 of water) and phosphorous (Kg seeds Kg-1 P2O5) increased with increasing the 
applied phosphorous from 10 to 20 Kg P2O5 fed.-1. It is obvious that values of the studied parameters varied 
with the irrigation regimes and the faba bean variety used.  
 
Main Effect of Faba Bean Varieties Used: 
 
 Tables (2 and 3) showed that the (GB) variety over passed the (G461) one in seed and straw yield fed.-1 and 
in the use efficiency of both water and phosphorus. The main reason for that is the higher number of branches 
plant-1 in the (GB) variety relative to the (G461) one Yazer et al., (1989). The differences between the two 
varieties in the parameters mentioned before were significant at the 5% level. 
 
Main Effect of Irrigation Regimes: 
    
 Concerning seed yield fed.-1 and straw yield fed.-1, the irrigation regimes could written in the following 
ascending order IR3 < IR4 < IR2 < IR1. Differences in yield of both seed and straw between any two irrigation 
regimes were significant at the 5% level. This is due to the sensitivity of faba bean to water stress depends on its 
stage of growth. Data on hand indicated that skipping two irrigations at flowering stage (IR3) must be avoided 
since the yield was the least (2.131 and 3.8 ton. Fed.-1 ) of seed and straw, respectively, whereas it was (2.240 
and 4.14 ton. Fed.-1) in the same sequence in IR1. Under deficit irrigation regimes IR2 and IR4 achieved 97.3 and 
96% of the maximum seed yield, respectively. Concerning straw yield, they achieved 98 and 95% of the 
maximum yield in the same sequence. The depressed effect of skipping two irrigations could be attributed to the   
decreased in photosynthesis due to stomata close during flowering stage. This close may be partial or complete 
depending on the local conditions surroundings the plant. In addition, decreasing water applied decreased 
phosphorous solubility and uptake.   
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Fig. 1: Effects of irrigation and phosphorous treatment on seed yield (ton. fed-1). 
 

 

 
 
 
 

 
 

Fig. 2: Effect of irrigation and phosphorous treatments on straw yield (ton. fed-1). 
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Fig. 3: Effect of irrigation and phosphorous treatments on water use efficiency (kg seed m-3 irrigation water). 
 
 

 
 
 

 
 
 
Fig. 4: Effect of irrigation and phosphorous treatments on phosphorous use efficiency (kg seed kg-1 P2O5). 
 



1524 
J. Appl. Sci. Res., 7(11): 1518-1526, 2011 

 

 

Main Effect of Phosphorous: 
 
 Data on hand, illustrated that the yield of both seed and straw and efficiency use of both water and 
phosphorous increased with increasing phosphorous applied. According to the studied parameter values 
obtained, phosphorous treatments could be arranged in the following ascending order: P3 < P2< P1. Differences 
among phosphorous treatments were significant at the 5% level. 
 
Table 2: Effect of faba bean verity, irrigation regimes and levels phosphorus on yield. 

Treatments 
Seed Yield 
(ton/fed.) 

W.U.E 
Kg seed m-3 

F.U.E 
Kg seed/kg P2O5 

Straw Yield 
ton/fed 

G461 1.578 b 1.219 b 113.100 b 2.61 b 
GB 2.770 a 2.135 a 197.850 a 5.29 a 
IR1 2.240 a 1.632 d 161.120 d 4.14 a 
IR2 2.180 b 1.795 a 155.980 a 4.04 b 
IR3 2.131 d 1.668 b 152.980 b 3.8 d 
IR4 2.150 c 1.641 c 152.500 c 3.92 c 
P1 2.240 a 1.700 a 153.830 a 4.02 a 
P2 2.196 b 1.692 b 129.190 b 3.94 b 
P3 2.076 c 1.604 c 207.600 c 3.88 c 

 
Table 3: First interaction between faba bean Varity, irrigation and phosphorus fertilizer on studied traits. 

Treatments 
Seed Yield 
(ton/fed.) 

W.U.E P.U.E 
Straw Yield 

(ton/fed.) 
G461xIR1 1.620 e 1.179 f 116.600 e 2.65 e 
G461xIR2 1.580 f 1.300 g 113.200 f 2.61 f 
G461xIR3 1.540 h 1.194 e 110.100 h 2.57 h 
G461xIR4 1.570 g 1.203 h 112.500 g 2.6 g 
GBxIR1 2.860 a 2.084 c 205.760 a 5.63 a 
GBxIR2 2.790 b 2.289 a 198.760 b 5.463 b 
GBxIR3 2.680 d 2.078 d 191.700 d 4.843 d 
GBxIR4 2.700 c 2.089 b 195.160 c 5.236 c 
G461xP1 1.635 d 1.262 d 81.750 f 2.73 d 
G461xP2 1.590 e 1.229 e 106.300 e 2.615 e 
G461xP3 1.510 f 1.167 f 151.250 d 2.48 f 
GBxP1 2.850 a 2.205 a 142.750 c 5.335 a 
GBxP2 2.800 b 2.164 b 186.800 b 5.262 c 
GBxP3 2.640 c 2.037 c 264.000 a 5.283 b 
IR1xP1 2.270 a 1.656 f 113.750 i 4.25 a 
IR1xP2 2.240 c 1.632 i 149.300 e 4.135 b 
IR1xP3 2.210 b 1.607 j 220.500 a 4.035 d 
IR2xP1 2.260 b 1.859 a 113.000 j 4.09 c 
IR2xP2 2.21 f 1.825 b 147.950 f 4.02 e 
IR2xP3 2.07 i 1.702 e 207.000 b 4 f 
IR3xP1 2.215 e 1.713 c 110.750 l 3.85 j 
IR3xP2 2.14 h 1.655 g 142.950 h 3.715 k 
IR3xP3 1.99 k 1.556 l 199.000 d 3.555 l 
IR4xP1 2.23 d 1.705 d 111.500 k 3.94 g 
IR4xP2 2.19 g 1.650 h 146.000 g 3.885 i 
IR4xP3 2.04 j 1.559 k 204.000 c 3.93 h 

Means with different letters within each column are significant at 5% level. 

 
Bean Variety ×Irrigation Regime: 
  
 In both varieties, this interaction could be put in the following ascending order: IR3 × variety < IR4 × variety 
< IR2 × variety < IR1× variety. Difference in the studied parameters between any two interactions was significant 
at the 5% level. The maximum values were obtained with the interaction GB × IR1, whereas the minimum ones 
with the interaction B461 × IR3 except water use efficiency. 
 
Variety × Phosphorous: 
  
 The obtained values of seed yield, straw yield, water use efficiency and phosphorous use efficiency in 
response to this interaction were higher for GB Varity compared with the G461 one. Differences in the studied 
parameters between any two interactions were significant at the 5% level. The highest values of the parameters 
under investigation and the lowest ones were obtained with the interactions GB × P1 and G461 × P3, respectively. 
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IR × P: 
  
 All the interactions IR × P led to significant differences in the investigated parameters at the 5% level. The 
highest values of the studied parameters and the lowest one were noticed with the interaction IR1 × P1 and IR3 × 
P3, respectively. This could be attributed to one or more of the following reasons:  
1) Soluble phosphorous is low in the Egyptian soil due to higher pH and CaCo3 content in soil. 
2) phosphorous is a major essential element in plant nutrition.  
3) phosphorous is required for nodules formation and their activity in symbiotic N- fixation. 
4) phosphorous solubility and uptake by plant increased with increasing water applied. 
 
Conclusion: 

 
 GB Varity, P1 (20 Kg P2O5 fed.-1) and irrigation regime IR1 are recommended under unlimited water 
resources. Under deficit irrigation in arid and semi – arid regions, using the treatments (GB; P1; IR2) and (GB; 
P1; IR4) could save 11.4 and 4.7 % of irrigation and in the same time achieve a comparable yield.    
   
References 
 
Agegnehu, G. and R. Fessehaie, 2010. Response of faba bean to phosphate fertilizer and weed control on 

Nitisols of Ethiopian highlands. Poblished, 2313: 12: 57 
Ahmed, G.D., 1998. Soil water nutrient interaction under fertigation system. Proc. Of Expert Consultation on 

Fertigation / Chemigation. FAO, Cairo, Egypt. Sept., 8-11. 
Alderfasi, A.A., and S.S. Alghamdi, 2010. Integrated water supply with nutrient requirements on growth, 

photosynthesis, productivity chemical status and seed yield of faba bean. American- Eurasian Journal of 
Agronomy, 3(1): 8-17. 

Barrios- Diaz, J.M., M.C. Larios Garcia, J.Z. Castellanos, G.A. Gonzalez, 2006. Garlic yield and quality as 
affected by irrigation type and soil water tension. Terra, 24(1): 75-81. 

Brown, B.A., C.E. Coviness and D.A. Brown, 1985. Response of selected soybean cultivars to soil moisture 
defict Agron. J., 77: 274-278. 

Boutraa, T. and F.E. Sanders, 2001. Influence of water stress on grain yield and vegetative groth of two cultivars 
of bean ( Phaseolus vulgaris L.). J: of Agronomy and crop Sci., 187(4): 251-257. 

Calvache, M., K. Reichardt, O.O.S. Bacchi and D. Doord-Neto, 1997. Deficit irrigation at different growth 
stages of common bean ( Phaseolus vulgaris L.) cv. Imbabello. Sci. Agric. Piracicaba Braz., 54: No spe.  

 El- Dakroury, M.A., 2008. Influence of different irrigation systems and irrigation treatments on productivity and 
fruit quality of some bean varities M. Sc. Thesis, Fac. of Agri., Ain Shams University, Egypt. 

El- Gizawy, M.F. and D.A. Mehasen, 2009. Response of faba bean to Bio., Mineral phosphorus fertilizers and 
foliar application with Zinc. World Applied Sci. J., 6(10): 1359-1365. 

Faki, H.H., 1991. Water allocation and its effect on faba bean technology adoptlion in Shendi area. Pag 72-75 in 
Nile Valley Regional program on Cool- Season Food Leggumes and Wheat. Annual Report 1990/91, Sudan. 
ICARDA/ NVRPOC-017. 

Foroud, N., H.H. Mundel, G. Saindon and T. Entz, 1993. Effect of level and timing of moisture stress on 
soybean yield components. Irrigate. Sci., 13: 149-155. 

Grimes, D.W., H. Yamada and S.W. Hughes, 1988. Climate normalized cotton leaf water potentials for irrigation 
scheduling. Sensores and techniques for irrigation management. Conference proceeding. Center for 
irrigation Technology Fresno, calif, USA.  

Hargreave, G.H. and Z.A. Samani, 1982. Estimating potential evapotranspiration J. of Irrig. And Drainage, 
ASCE, 108(3): 246-251. 

Hedge, D.M. and K. Srinivas, 1989. Effect of irrigation and nitrogen on growth, yield and water use efficiency of 
French bean. Indian J. of Agronomy, 34(2): 180-184. (C.F. Field crop abstracts, 61(9): 7959-1991).  

Hodges, H.F. and L.G. Healherly, 1983. Principles of water management for soybean  production in Mississippi. 
Mississippi Agricultural Forestry Experiment Station. Bulletin, No., 919.  

Isik, M., Z. Onceler, S. Cakir and F. Altay, 2005. Effect of different irrigation regimes on the yield and yield 
components of dry bean ( Phaseolus vulgaris L.) Acto Agronomic Hungarica, 52(4): 381-389.  

Israelson, O.W. and V.E. Hanson, 1962. Irrigation principal and practices. 3 rd ed. John Wiley and Sons, New 
York. 

Meckel, L.W., D.B. Egli, R.E. Philips and J.E. Leggett, 1984. Effect of moisture stress on seed growth in 
soybean. Agron. J., 76(4): 647-650. 

Pezzetti, G.A., M.A. Oliva and N.F. Lopes, 1993. Application of infrared thermometry to irrigation of beans: 
Growth and yield. Pesquise Agropecuaria Brasileira, 28(12): 1371-1377. (C.F. Field crop abstracts, 18(12): 
1995). 



1526 
J. Appl. Sci. Res., 7(11): 1518-1526, 2011 

 

 

Sabreen, Kh. P., 2009. Fertigation technologies for improving the productivity of some vegetable crops. ph. D 
Thesis Agri. Fact., Ain- Shams university, Egypt. 

Scholberg, J.M.S. and S.T. Locascio, 1999. Growth response of snap bean and tomato as affected by salinity and 
irrigation method. Hort. Sci., 34(2): 259-264. 

Solomon, K.H. (Eds.), Management of Farm Irrigation Systems. ASAE Monograph, St. Joseph, MI, pp: 155–
203. 

Sutherland, M.R. and F.L. Danileson, 1980. Effects of irrigation regimes and methods on yield of kidney 
bean.Irrigazionee Drenaggio, 39(1): 19-23. 

Tayel, M.Y., A.M. El Gindy, M. Abd- El- Hady and H.A. Ghany, 2007. Effect of irrigation systems on : yield, 
water and fertilizer use efficiency of grape. Applied Sciences Research, 3(5): 367-372. 

Tayel, M.Y. and P. Kh. Sabreen, 2011. Effect of irrigation regimes and phosphorus level on two Vica faba 
varieties: I Growth characters. J. of Applied Sci., in press. 

Tayel, M.Y., S.M. Shaaban, E.I., El-Dardiry and P. Kh. Sabreen, 2010. Effect of injectors types, irrigation and 
nitrogen treatments on: II Garlic yield, water and nitrogen use efficiency. J. of American Sci., 6(11): 38-46. 

Taylor, S.A., 1965. Managing irrigation water on farm. American Soc. Agricultural Engineers Trans., 8: 433-
436. 

 Xia, D.S., 1994. Agronomic management of faba bean for high yields. Options Mediterraneans, 10: 91-96. 
Yazer, A.C., B. Evik, O. Tekinel, R. Tu Lu Cu. Bas bug and R,Kannber, 1989. Irrigation scheduling principles. 

In: Hoffman, G.L., Howell, T.A. 

 


