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ABSTRACT 
 

Two field experiments were performed at Sakha Agricultural Research Station, 
(31° 05’ N latitude and 30° 56’ E longitude), Kafr El-Sheikh Governorate, during the 
two growing summer seasons of 2009 and 2010, to study the effect of deficit irrigation 
by watering after 50%, 70% and 90% of available soil moisture deficit (ASMD) and 
four levels of nitrogen fertilization at 10, 20, 30 and 40 kg N fed.

-1
 on cowpea yield, its 

components and water productivity in North Delta of Egypt. A split-plot design with 
four replicates was used. Mean values of seasonal water consumptive use were 
42.17, 37.05 and 30.12cm in the 1

st
 season and 41.22, 36.51 and 29.67 cm  in the 2

nd
 

season for the 50%, 70% and 90% of ASMD, respectively and seasonal amounts of 
irrigation water applied for cowpea were 63.10 cm, 54.09 cm and 43.10 cm in the 1

st
 

season and 61.66, 53.33 and 42.40 cm  in the 2
nd

 season for 50%, 70% and 90% of 
ASMD, respectively. Results revealed that the highest values of plant height, number 
of leaves plant

-1
, number of branches plant

-1
 and chlorophyll content were obtained 

from irrigation at 50% of ASMD in the first season, while the highest values of seed 
yield plant

-1
,
 
 seed yield fed.

-1 
and number of  pods plant

-1
 were obtained from 

irrigation at 70% of ASMD in the both seasons. The mean results showed that adding 
40 kg N fed.

-1 
significantly increased plant height, number of leaves plant

-1
, number of 

branches plant
-1

 and chlorophyll content in both seasons, while adding 30 kg N fed.
-1

 
gave the highest mean values of seed yield plant

-1
,
 
 seed yield fed.

-1
,
 
number of pods 

plant
-1

 and 100-seed weight in both seasons. The highest values of water productivity 
(WP) and productivity of irrigation water (PIW) were 0.763and 0.541kg m

-3 
 in the 1

st
 

season and 0.568 and 0.403 kg of seeds m
-3

 in the 2
nd

 season as a result of irrigation 
at 90% of ASMD and fertilization with 30 kg N fed.

-1 
in the both seasons. Irrigation at 

90% of ASMD enhanced WP by 29.7 and 33.4%  and PIW by 35.9 and 39.7% 
compared to irrigation at 50% of ASMD in the two seasons, respectively. WP and PIW 
increased by increasing N application up to 30 kg N fed.

-1
. It can be recommended 

that the best results under the experimental conditions were irrigating cowpea 
cultivars at 70% of ASMD and fertilization with 30 kg N fed.

-1
. 
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INTRODUCTION 
 

Cowpea (Vigna unguiculata L. Walp) is one of the most important 
vegetable legumes due to its high protein content, heat tolerant, low fertilizer 
requirements and it can grow easily in the new reclaimed lands. The protein 
content in cowpea seeds is high and rich in amino acids, lysine and 
tryptophan compared to cereal grains. Therefore, cowpea can be valued as a 
nutritional supplement to cereals especially in the semi-arid region where 
cereals are the staple food and there is the menace of nutritional disorders 
and food insecurity (El-Bably and El-Waraky, 2006). The new cowpea cultivar 
Kafr El-Sheikh-1 has a short growth period, an erect and determinate growth 
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habit and resistance to loading (Knany et al., 2002; Masoud, 2002 and El-
Waraky, 2007).  

Nitrogen fertilization, plant population and cultivar are important factors 
affecting yield and its quality of cowpea. Application of nitrogen fertilizers 
increased vegetative growth characters as well as yield and its components 
of cowpea (Hussaini et al., 2004 and El-Bably and El-Waraky, 2006). Even 
though cowpea, a leguminous crop, has the ability to fix atmospheric 
nitrogen, it requires a starter dose of nitrogen for early growth and 
establishment. Hussaini et al. (2004) reported that small doses of applied 
N(from 30 to 40 kg N fed.

-1
) may be synergistic and stimulate nodulation and 

symbiotic fixation in cowpea and even improve seed yield. Geetha and 
Varughese (2001) and El-Waraky and Kasem (2007) indicated that cowpea 
plants fertilized with 30 kg N fed.

-1
 produced the greatest pods yield, also, 

increasing nitrogen fertilization level up to 40 kg N fed.
-1

, gradually increased 
cowpea plant growth, yield and its components. 

Irrigation is a significant factor affecting yield and its quality of cowpea. 
The irrigation number, amount and uniformity water applications are used 
mainly to determine the efficiency of irrigation scheduling. Excessive doses of 
infrequently applied water will lead to high percolation losses. The water 
saved by reducing drainage losses can be used to obtain higher yields by 
giving additional application to irrigate other farmlands or to store it as an 
insurance against the more severe periods of drought. While real-time 
irrigation schedulers can be used to maximize the yield for a specific growing 
season, they are less useful for planning and management as simulation 
models, (Adekalu, 2006 and Uarrota, 2010). 

El-Bably and El-Waraky (2006) and Lemma et al. (2009) reported that 
the highest irrigation rate 1.2 of ETc gave the highest values of plant height, 
number of leaves plant

-1
, and number of  pods plant

-1
, number of  seeds 

plant
-1

, 100-seed weight as well as the largest seed yield plant
-1

, seed yield 
fed.

-1 
and protein content in percent, compared to irrigation at 1.0 and 0.8 of 

ETc.  
The irrigation number, amount and uniformity of water applications are 

used mainly to determine the efficiency of irrigation scheduling. Excessive 
doses of infrequently applied water will lead to high percolation losses. There 
is stiff competition for water by the agricultural, domestic and industrial users 
during the dry season, hence there is the need for farmers to conserve and 
make judicious use of the available water. Adekalu and Okunade (2006) and 
Kayombo et al. (2002) indicated that the crop water use efficiency has been 
shown to depend on irrigation amount and frequency, also, the type of 
irrigation system and tillage practices can influence the water use efficiency 
for a given irrigation frequency. Byan et al. (2002)  indicated that water  
consumptive use (WCU) of cowpea amounted to 0.426, 0.532 and 0.639 m³ 
m

-
² when irrigated by 80, 100 and 120% of water calculated by class A pan 

method, respectively. 
Therefore, this investigation aimed to study the effect of deficit 

irrigation and nitrogen fertilizer levels on the cowpea productivity and water 
productivity in North Delta of Egypt.  
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MATERIALS AND METHODS 
 

Tow field experiments were carried out during the two growing summer 
seasons of 2009  and 2010 at Sakha Agricultural Research Station, (31° 05’ 
N latitude and 30° 56’ E longitude), Kafr El-Sheikh Governorate.  

The soil of the experimental fields was clayey in texture, some physical 
analysis of soil samples for experimental site are presented in Table (1). The 
EC and pH of  experimental soil site using the saturated soil paste were 2.10 
dSm

-1
 and 8.11, respectively. The electrical conductivity of irrigation water 

was 0.68 dSm
-1

. The experimental plots were arranged in a split plot design 
with four replicates in both seasons. The main plots were randomly assigned 
to irrigation treatments, i.e. at 50%, 70% and 90% depletion of available soil 
moisture. Irrigation water was applied when the moisture content reached the 
desired available soil moisture in each treatment. The sub-plots were 
allocated randomly for nitrogen fertilizer levels, i.e. 10, 20, 30 and 40 kg N 
fed.

-1
, (1 feddan = 0.42 hectar). The sub-plot area was 42 m

2
 (6 x 7 m). Plots 

were isolated by ditches of 1.5 m in width to avoid lateral movement of water.  
Phosphorus fertilizer was used at seedbed preparation in the form of 

calcium superphosphate  (15.5% P2O5) at the rate of 100 kg fed
-1

. Cowpea 
seeds cv. Kafr El-Sheikh, were inoculated by Rhizobium bacteria just before 
sowing. Sowing date was May 13

th
 in the first season and May 17

th
 in the 

second one at hills 20 cm apart on two side of rows. Plants were thinned to 
two plants per hill after three weeks from sowing.  

Nitrogen fertilizer was given in one dose before the first irrigation (21 
days after sowing), using ammonium nitrate  (33.5% N) at the rate of 10, 20, 
30 and 40 kg N fed.

-1
. Recommended cultural practices for cowpea were 

applied. Plants were harvested after 90 days from planting, ten guarded 
plants were randomly taken from the fourth inner ridges to determine yield 
components. Seed yield was determined from central area of 10.5 m

2
 (3 x 3.5 

m) of each plot, to eliminate any border effects. Seed yield of cowpea was 
adjusted at 12% moisture content. 

The following traits were measured: Plant height in cm, number of 
leaves plant

-1
, number of pods plant

-1
, number of seeds plant

-1
, 100-seed 

weight in gm, seed yield plant
-1 

in gm,
 
 seed yield fed.

-1 
in kg and protein 

content in percent.  
 
Table (1): Some physical analysis of soil samples for experimental site. 

Depth 
(cm) 

Particle size 
distribution 

Texture 
Field  

capacity 
(%) 

Permanent 
wilting 

 point (%) 

Bulk 
density (kg 

m
-3
)
 

Available 
 soil water 

% 
Sand 

% 
Silt 
% 

Clay 
% 

0-  15 19.88 30.00  50.12 Clayey 46.10 25.35 1100 20.75 

15-30 19.56 30.14 50.30 Clayey 41.15 22.92 1160 18.22 

30-45 19.38 30.20 50.42 Clayey 37.20 21.10 1230 16.10 

45-60 18.70 30.46 50.84 Clayey 35.19 20.15 1300 15.04 
 

Soil moisture content was determined gravimetrically, on oven dry 
basis, before each irrigation, 48 hours after each watering and at harvesting 
times. Four soil samples were taken with a soil auger from four consecutive 
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layers, every 15 cm depth to total depth of 60 cm. Samples were immediately 
transferred, in tightly closed aluminum cans, to the laboratory where they 
were weighed, dried in oven at 105

o
C for 24 hours, then reweighed and their 

moisture content were determined. Field capacity, permanent wilting point 
and bulk density were executed according to Klute (1986). Available soil 
moisture was calculated by subtracting permanent wilting point from field 
capacity (Table 1). 
Crop-water Relation Parameters: 
Irrigation water applied (IWA): 

The amount of water applied at each irrigation was measured by 
Flowmeter and calculated according to Keller and Karmeli (1974) as follows: 

IWA = 
Ea

Kr.II . Kc . ETo
 + LR 

Where:  
IWA = irrigation water applied (mm). 
ETo  = reference evapotranspiration (mm/day). 
Kc    = crop coefficient. 
Kr    = reduction factor (Keller and Karmeli, 1974). 
II      = irrigation intervals (days). 
Ea    = irrigation efficiency % = K1 x K2 = 0.67. 
K1    = emitter uniformity coefficient = 0.95. 
K2    = irrigation efficiency coefficient = 0.70. 
LR   = leaching requirements (10% of ETc). 

 
Reference evapotranspiration (ETo) was estimated using penman-

Monteith, as calculated by Allen et al., (1998). 
Water consumptive use (WCU): 

Water consumptive use was calculated using the following equation 
according to Hansen et al. (1979): 

CU = 

i

i






1

4

Di x Dbi x (PW2 - PW1)/100 

Where: 
CU   = water consumptive use (cm) in the effective root zone (60 cm). 
Di     = soil layer depth (15 cm). 
Dbi   = soil bulk density, (g cm

-3
) for this depth. 

PW1 = soil moisture percentage before irrigation. 
PW2 = soil moisture percentage, 48 hours after irrigation. 
I        = number of soil layers. 

Water productivity (WP): 
It was calculated according to Ali et al. (2007). 

WP = GY/ET. 
Where: WP (kg seeds m

-3 
WCU), GY = grain yield (kg fed.

-1
) and ET = total 

water consumption of the growing season (m
3
 fed.

-1
).  

Productivity of irrigation water (PIW)     
Productivity of irrigation water (PIW) was calculated as Ali  et al. (2007) 
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PIW= GY/I 
Where: GY is grain yield (kg fed.

-1
) and I is irrigation water applied (m

3
 fed.

-1
). 

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 treatment were compared by the least significant difference 
(LSD) at 5% level of significance which developed by Waller and Duncan 
(1969). 

 

RESULTS AND DISCUSSION 
 

Vegetative growth characters 
a. Effect of irrigation levels 

Data presented in Table (2) show that plant height, No. of  branches 
plant

-1
 and chlorophyll content were significantly affected by increasing rate of 

irrigation, while, No. of leaves plant
-1

 was not significantly affected by 
increasing rate of irrigation in both growing seasons.  

 
Table (2): Effect of irrigation treatments and nitrogen fertilization levels 

on cowpea vegetative growth characters in 2009 and 2010 
seasons. 

Values having a similar alphabetical letter, within a comparable group of means, are not 
significantly different, using revised G.S.D. test at 0.05 level.  

 
The highest irrigation rate I1(50% of available soil moisture deficit 

(ASMD) gave the tallest plants (90.2 and 86.8 cm), the highest number of 
leaves (42.7 and 26.0) and number of  branches plant

-1
 (3.6 and 2.5) as well 

as the largest chlorophyll content (54.54 and 53.03 SPAD unit), in the first 
and second seasons, respectively, while, the lowest irrigation rate I3 (90% of 
ASMD) produced the lowest value of each character in the two seasons. 

The positive results of the added irrigation effect could be related to 
increasing the periods of plant uptake of water and fertilizers, where the 
drought stress decrease water and fertilizer uptake. Similar results on 
cowpea were recorded by Adekalu et al. (2002), Kumaga et al. (2003) and El-
Bably and El-Waraky(2006). 

 

Treatments 

Plant height 
(cm) 

No. of leaves 
plant

-1 
No. of  branches 

plant
-1
 

Chlorophyll 
content SPAD unit 

2009 2010 2009 2010 2009 2010 2009 2010 

Irrigation treatments 

I1  (50% ASMD ) 90.2a 86.8a 42.7a 26.0a 3.6a 2.5a 54.54a 53.03a 

I2  (70% ASMD ) 79.6b 75.2b 42.5a 25.2a 3.3b 2.4a 53.42ab 51.81ab 

I3 (90% ASMD )                  75.2c 69.7c 42.3a 24.4a 3.3b 1.9b 53.23b 51.16b 

N levels (kg fed.
-1

) 

10 
 

78.3c 71.5c 38.5c 19.9c 3.2b 1.9b 51.60c 49.53b 

20 80.2c 76.7b 40.0b 24.5b 3.3ab 2.2a 53.32bc 52.26a 

30 82.6b 80.2a 45.0a 27.5a 3.4ab 2.4a 54.64ab 53.01a 

40 85.4a 80.6a 46.7a 28.8a 3.7a 2.6a 55.37a 53.22a 



El-Atawy, Gh. Sh. and M. H. Kasem
 

 
284 

b. Effect of nitrogen fertilization levels 
Data presented in Table (2) show that all vegetative traits were 

increased by increasing rate of nitrogen fertilization up to 40 kg N fed.
-1

 in 
both growing seasons. 

The highest nitrogen fertilization rate (40 kg N fed.
-1

) gave the tallest 
plants, the highest number of leaves plant

-1
, branches plant

-1
, as well as the 

higher chlorophyll content. In contrast, the lowest values of all characters 
were obtained from 10 kg N fed.

-1
. The positive results of the added N effects 

may be due to the important role of nitrogen and its vital contribution to 
several biochemical processes in the plant related to growth and to its role in 
assimilating the photosynthetic reaction. 

The present results matched well with those obtained by Knany et al. 
(2002), El-Bably and El-Waraky (2006), and El-Waraky and Kasem (2007). 
c. Effect of the interaction between irrigation treatments and N levels: 

Data presented in Table (3) indicate that plant growth under high rate 
of irrigation (50% of ASMD) I1, and 40 kg N fed.

-1
 had the higher values of 

plant height, number of leaves plant
-1

, number of branches plant
-1

 and 
chlorophyll content in the two seasons. In contrast, the lowest rate of 
irrigation (90% of ASMD) I3 and 10 kg N fed.

-1
 produced the lowest values of 

all growth parameters. 
 

Table (3): Effect of interaction between irrigation treatments and N 
levels on cowpea vegetative growth characters in 2009 and 
2010 seasons. 

Treatments 
Plant height 

(cm) 
No. of leaves 

plant
-1 

No. of  
branches 

plant
-1

 

Chlorophyll 
content SPAD 

unit irrigation 
N levels 
kg fed.

-1
 

2009 2010 2009 2010 2009 2010 2009 2010 

I1 
50% of 
ASMD 

10
 

87.9b 82.5cd 36.7d 17.6e 3.4bc 2.2bc 53.75a 51.72ab 

20 89.1b 85.6b 38.9cd 28.6a 3.4bc 2.5ab 54.25a 53.18a 

30 89.5b 88.2ab 47.1a 28.6a 3.6bc 2.6ab 54.80a 53.45a 

40 94.3a 91.0a 48.2a 29.3a 4.1a 2.8a 55.35a 53.78a 

I2 

70% of 
ASMD 

10 74.7fg 69.1h 40.8c 20.3e 3.1c 1.8c 52.58a 50.35b 

20 76.9ef 75.2f 42.0bc 22.1d 3.3bc 2.3bc 52.63a 51.97ab 

30 82.5d 76.4ef 42.9bc 28.5a 3.3bc 2.5ab 53.95a 52.60ab 

40 84.1cd 80.0d 44.2bc 29.8a 3.6b 2.9a 54.55a 53.33a 

I3 
90% of 
ASMD 

10 72.4g 62.8i 37.9cd 21.8d 3.1c 1.8c 48.47a 46.50c 

20 74.7fg 69.4h 39.2cd 22.9d 3.3bc 1.9c 53.08a 51.63ab 

30 75.7fg 70.7g 45.1a 25.4c 3.3bc 2.0c 55.18a 52.98ab 

40 77.8ef 76.0ef 47.0a 27.4bc 3.5bc 2.1bc 56.20a 53.55a 

 
Irrigation and nitrogen fertilization show synergistic effect and their 

combined application resulted in higher vegetative growth characters, more 
than the sum of their independent effects. The availability of nutrients is 
highest when soil water is adequate and available at low tension because two 
of three nutrients translocation methods to the root surface (mass flow and 
diffusion) are depending on moisture presence. The presence of adequate 
water in soil increases the nitrogen fertilizer use and increasing dose of 
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fertilizer boosts up seed yield (Majumdar,2002). Similar findings, concerning 
the positive effects of irrigation and nitrogen fertilizer, were recorded by El-
Bably and El-Waraky (2006) who reported that fertilizing cowpea plants with 
nitrogen at the rate of 40 kg N fed.

-1
 accompanied with irrigation at 1.2 of 

ETc, significantly, increased all studied characters of vegetative growth as 
compared with the other treatments combinations.  
II. Seed yield and its components  
a. Effect of irrigation treatments   

Data recorded in Table (4) indicate that irrigation at 70% of (ASMD) 
increased average seed yield plant

-1
, total seed yield fed.

-1 
and number of 

pods plant
-1 

than those of the irrigation at 50% of (ASMD) or 90% of (ASMD) 
in both seasons. Meanwhile, the average number of seeds pod

-1
, 100-seed 

weight and protein content were not significantly affected by the different 
irrigation treatments in the  both seasons. Similar results on cowpea were 
recorded by Lemma et al. (2009). 
b. Effect of nitrogen fertilization levels 

Data in Table (4) indicate that nitrogen fertilization with 30 kg N fed.
-1

, 
significantly increased seed yield plant

-1
, seed yield fed.

-1 
and number of pods 

plant
-1

 in both seasons as compared with the low N levels(10 and 20 kg N 
fed.

-1
). However, the two higher N levels (30 and 40 kg N fed.

-1
) did not 

significantly differ in their effects on number of seeds pod
-1

, 100-seed weight 
and seed crude protein content in the two seasons, this may be due to that 
under the experimental farm condition 30 kg N fed.

-1
 was enough starter dose 

for healthy host plants and Rhizobium complete the plant N need by 
symbiotic N-fixation. 

The obtained increments in the seed yield as a result of N application 
might be directly attributed to the increase in pod number plant

-1
, number of 

seeds pod
-1 

and 100-seed weight. These results seemed to be in accordance 
with those reported by Bin Ishag (2003) who found that the soil application of 
N at the rate of 40 or 60 kg fed.

-1
 gave the highest mean values of pea dry 

seed yield. The latter reported that the increase in seed yield was related to 
the increments on number of pods plant

-1
 rather than that to increase in 

weight of seeds pod
-1

. Similar discussion was reported by Hussaini et al., 
(2004) who explained the increase in seed yield, as a result of N fertilization, 
on the basis that the pollen produced by plants with high nitrogen treatment 
sired significantly more seeds than pollen produced from low nitrogen dose. 
Similar results on cowpea were recorded by Knany et al., (2002), El-Bably 
and El-Waraky(2006); El-Waraky (2007) and El-Waraky and Kasem (2007). 
c. Effect of the Interaction between irrigation treatments and N levels 

Data presented in Table (5) show that the highest values of seed yield 
plant

-1
, seed yield fed.

-1
, number of pods plant

-1
, number of seeds pod

-1
, 100-

seed weight and seed crude protein content were produced from plants 
irrigated at 70% of (ASMD) I2 and 30 kg N fed.

-1
 in both seasons, followed by 

plants grown under irrigation at 50% of  (ASMD) I1, and high N fertilization 
level (40 kg N fed.

-1
). \ 
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While, plants grown under low irrigation at 90%, of (ASMD) I3 and fertilized 
with the lowest N fertilizer level (10 kg N fed.

-1
) produced the lowest values of 

seed yield and its components in the two seasons. 
Difference between the N levels of 30 and 40 kg N fed.

-1
 with irrigation 

at 70%, of (ASMD) I2 was not significant for number of seeds pod
-1

 and seed 
crude protein content, and 100-seed weight in the first season. Apparently, 
the promoting effects of irrigation and nitrogen fertilizer application on growth 
of cowpea plants were reflected on the increased total seed yield and its 
components. These results are in line with those obtained by Geetha and 
Varughese (2001), Anitha et al. (2004) and El-Bably and El-Waraky (2006) 
who reported that the application of irrigation at 1.2 of APE combined with 40 
kg N fed.

-1
 increased total seed yield and its components.   

III- Soil water relations 
a. Irrigation water applied (IWA) 

Results in Table (6) indicate that watering at 50% ASMD (I1) resulted in 
higher amount of irrigation water applied to be 63.10 and 61.66 cm(2650 and 
2590 m

3
 fed.

-1
) in the 1

st
 and 2

nd
 season, respectively, due to frequent 

irrigation, followed by watering at 70% of ASMD I2, 54.09 and 53.33 cm(2272 
and 2240 m

3
 fed.

-1
) in the 1

st
 and 2

nd
 season, respectively, and  90% of ASMD 

I3, 43.10 and 42.40 cm(1810 and 1781 m
3
 fed.

-1
) in the 1

st
 and 2

nd
 season, 

respectively. Amount of irrigation water applied at 50%, 70% and 90% of 
ASMD was distributed on 7, 6 and 5 irrigations including seeding irrigation.  
 
Table (6): Monthly and seasonal water consumptive use (cm) of cowpea 

as affected by deficit irrigation and nitrogen levels in 2009 and 
2010 seasons. 

Deficit 
irrigation 

treatments 

N. levels 
kg  

fed.
-1
 

Monthly rates (cm) 
in 2009 season 

Monthly rates (cm) 
in 2010 season 

Seasonal 
rate (cm) 

Irrigation 
water applied 

(cm) 

May June July Aug. May June July Aug. 2009 2010 2009 2010 

 
I1 50% 
 ASMD 

10 3.25 14.60 19.93 3.22 2.15 14.20 19.30 3.75 41.00 39.40 63.10 61.66 

20
 

3.25 14.86 20.28 3.48 2.15 14.46 20.51 4.06 41.87 41.18 63.10 61.66 

30
 

3.25 15.32 20.74 3.58 2.15 14.70 20.78 4.28 42.89 41.91 63.10 61.66 

40 3.25 15.42 20.66 3.60 2.15 14.88 20.93 4.43 42.93 42.39 63.10 61.66 

Mean 3.25 15.05 20.40 3.47 2.15 14.56 20.38 4.13 42.17 41.22 63.10 61.66 

 
I2 70% 
 ASMD 

10 3.25 12.56 17.72 2.55 2.15 12.18 18.19 2.94 36.08 35.46 54.09 53.33 

20
 

3.25 12.81 18.01 2.72 2.15 13.44 18.38 3.13 36.79 36.10 54.09 53.33 

30
 

3.25 13.10 18.33 2.82 2.15 13.67 18.72 3.43 37.50 36.97 54.09 53.33 

40 3.25 13.21 18.50 2.87 2.15 13.87 18.91 3.58 37.83 37.51 54.09 53.33 

Mean 3.25 12.92 18.14 2.74 2.15 12.54 18.55 3.27 37.05 36.51 54.09 53.33 

 
I3 90%  
ASMD 

10 3.25 10.08 13.88 1.93 2.15 9.84 14.11 2.50 29.14 28.60 43.10 42.40 

20
 

3.25 10.36 14.02 2.27 2.15 10.15 14.28 2.77 29.90 29.35 43.10 42.40 

30
 

3.25 10.70 14.25 2.35 2.15 10.32 14.59 3.01 30.55 30.07 43.10 42.40 

40 3.25 10.82 14.41 2.40 2.15 10.57 14.74 3.20 30.88 30.66 43.10 42.40 

Mean 3.25 10.49 14.14 2.24 2.15 10.22 14.43 2.87 30.12 29.67 43.10 42.40 

Mean of 
N.F. levels 

(cm) 

10 3.25 12.41 17.18 2.57 2.15 12.07 17.20 3.06 35.41 34.49 53.43 52.46 

20
 

3.25 12.68 17.44 2.82 2.15 12.35 17.72 3.32 36.19 35.54 53.43 52.46 

30
 

3.25 13.04 17.77 2.92 2.15 12.56 18.03 3.57 36.98 36.32 53.43 52.46 

40 3.25 13.15 17.86 2.96 2.15 12.77 18.19 3.74 37.21 36.85 53.43 52.46 

Overall mean 3.25 12.82 17.56 2.82 2.15 12.44 17.79 3.42 36.45 35.80 53.43 52.46 

*ASMD: Available Soil Moisture Deficit. 
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b. Water consumptive use (CU) 
Mean values of water consumptive use for cowpea in 2009 and 2010 

growing seasons are presented in Table (6).  
The highest values of water consumptive use (42.17 and 41.22 cm) 

were obtained under irrigation at 50% of available soil moisture deficit, while 
the lowest values (30.12 and 29.67 cm) were obtained under irrigation at 90% 
of available soil moisture deficit in the two seasons, respectively. These 
results demonstrate that water consumption use increased as soil moisture 
was maintained high by frequent irrigations. The probable explanation of 
these results is that higher frequent irrigations provide chance for more 
consumption of water which ultimately resulted in increasing plant 
transpiration and evaporation from the soil surface. These results are in 
agreement with those reported by Byan et al. (2002), Anitha et al. (2004), El-
Bably and El-Waraky (2006) and Uarrota (2010). 
c. Water productivity (WP) 

Water productivity expressed in kg of seeds m
-3

 of water consumed 
and  productivity of irrigation water(PIW) in Kg seed m

-3
 of irrigation water 

applied are presented in Table (7). The obtained results show that WP was 
increased as the irrigation water applied decreased. Cowpea irrigated at 90% 
of available soil moisture had the highest value of WP to be 0.669 and 0.523 
kg of seeds m

-3
 of water consumed, while the lowest one was 0.516 and 

0.392 kg seed yield m
-3

 of water consumed, resulted from watering at 50% of 
available soil moisture deficit . 

These findings could be attributed to the highly significant differences 
among seed cowpea yield as well as differences between water consumed. 
The present results are in line with those reported by Anyia and Herzog 
(2004), Adekalu and Okunade (2006) and El-Bably and El-Waraky (2006), 
who mentioned that the efficiency of water use decreased as the soil 
moisture was maintained high by frequent irrigation.  

Data also show that increasing N- rate resulted in gradual increase  in 
WP values, since values of WP amounted 0.522, 0.580, 0.708 and 0.652 kg 
seed yield  m

-3
 of consumed water in the first season and 0.390, 0.462, 0.528 

and 0.493 kg seed yield m
-3

 of consumed water in the second season under 
10 , 20 , 30 and 40 kg N fed.

-1
, respectively. The interaction between irrigation 

treatments and nitrogen fertilization levels(Table 7) show that the highest 
values of WP (0.763 and 0.568 kg seeds m

-3
 water consumed) in 2009 and 

2010 season, respectively, were obtained from irrigation at 90% of ASMD 
with fertilization at 30 kg N fed.

-1
.
 
These results coincided with those of 

Geetha and Varughese (2001) and El-Bably and El-Waraky (2006).  
d. Productivity of irrigation water (PIW) 

Results presented in Table (7) indicate that the highest average values 
of PIW, 0.469 and 0.366 kg seeds m

-3
 of irrigation water applied were 

obtained under treatment of watering at 90% of available soil moisture in the 
1

st
 and 2

nd
 season,  respectively, while the lowest ones, 0.345 and 0.262 kg 

seeds m
-3

 of irrigation water applied were obtained from treatment of watering 
at 50% of ASMD in 2009 and 2010 season, respectively. These results could 
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be attributed to the significant differences among cowpea seed yield, 
evapotranspiration and water applied values (Table 7).  

The higher values of PIW of I3 than that of I1 are obviously due to the 
less amount of the applied water (Wa) under treatment I3, as shown in Table 
(7). 

Average values of the Wa under I3 is less than that of I1 by about 27.6 
and 33.3% in the 1

st
 and 2

nd
 season, respectively. Thus ,the reduction of the 

Wa, due to the irrigation regime of I3, is much lower than of the yield. 
Therefore, values of PIW were higher under I3 than I1 treatment. The 
interaction between irrigation treatments and nitrogen levels (Table 7) show 
that the highest values of PIW 0.541 and 0.403 kg seeds m

-3
 water applied in 

both seasons, were obtained from irrigation at 90% of ASMD with fertilization 
at 30 kg N fed.

-1
.
 
This finding is in harmony with those obtained by Byan et 

al., (2002) and El-Bably and El-Waraky(2006). 
 
Table (7): Water productivity (WP) in Kg seeds m

-3
 of water consumptive 

use and productivity of irrigation water (PIW) in Kg m
-3

 of 
irrigation water applied in 2009and 2010 seasons. 

Means designated by the same letter at each cell are not significant at the 5 % level 
according to  Duncan'

s
 multiple range test. 

 
Concerning the effect of N fertilization on the PIW, as shown in Table 

(7), results reveal that increasing N fertilization level significantly increased 

Treatments 
of irrigation 

N. levels  
kg N fed.

-1
 

WCU  
m

3
 fed.

-1
 

Water 
applied  

(m
3
 fed.

-1
) 

WP Kg m
-3 

WCU 
PIW Kg m

-3
 

IWA 

2009 2010 2009 2010 2009 2010 2009 2010 

I1 50% 

ASMD 

10  1722 1655 2650 2590 0.428 0.328 0.278 0.210 

20  1759 1730 2650 2590 0.456 0.354 0.302 0.237 

30  1801 1760 2650 2590 0.609 0.464 0.414 0.315 

40  1803 1780 2650 2590 0.565 0.418 0.385 0.287 

Mean 1771 1731 2650 2590 0.516 0.392 0.345 0.262 

I2 70% 

ASMD 

10  1515 1489 2272 2240 0.580 0.380 0.387 0.253 

20  1545 1516 2272 2240 0.654 0.514 0.444 0.348 

30  1575 1553 2272 2240 0.753 0.551 0.522 0.382 

40  1589 1575 2272 2240 0.666 0.519 0.466 0.365 

Mean 1556 1533 2272 2240 0.664 0.492 0.455 0.337 

I3 90% 

ASMD 

10  1224 1201 1810 1781 0.558 0.463 0.377 0.312 

20  1256 1233 1810 1781 0.629 0.518 0.427 0.358 

30  1283 1263 1810 1781 0.763 0.568 0.541 0.403 

40  1297 1288 1810 1781 0.725 0.541 0.519 0.391 

Mean 1265 1246 1810 1781 0.669 0.523 0.469 0.366 

LSD 5% 18.02 17.21 ----- ----- 0.135 0.101 0.0282 0.0489 

Mean of 
Nitrogen 

treatments 

10  1487 1449 2244 2204 0.522 0.390 0.347 0.258 

20  1520 1493 2244 2204 0.580 0.462 0.394 0.314 

30  1553 1525 2244 2204 0.708 0.528 0.492 0.367 

40  1563 1548 2244 2204 0.652 0.493 0.457 0.348 

Mean 1531 1504 2244 2204 0.616 0.469 0.423 0.322 

LSD 5% 6.454 5.87 ----- ----- 0.1192 0.023 0.0337 0.023 
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PIW values of seed yield. This is due to increased seed yield with increasing 
N level. The highest average values of PIW (0.492 and 0.367 kg seeds m

-3
) 

in the both seasons, were obtained under treatment of 30 kg N fed.
-1

, 
whereas the lowest ones (0.347 and 0.258 kg seeds m

-3
 water applied) in the 

two seasons, were obtained under treatment of 10 kg N fed.
-1

. These results 
are in agreement with those of Anitha et al., (2004), El-Bably and El-Waraky 
(2006) and Uarrota (2010). 

 

Conclusion 
The present study recommends irrigating cowpea cultivars at 70% of 

ASMD with adding 30 kg N fed.
-1

 in North Delta region of Egypt and similar 
areas. 
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تأأأر نق  مأأأا رأأأال سمأأأقل يسمتجأأأرنل سم نتقيان أأأا ومأأأا ر  أأأي  سممي نأأأا ير ي اتأأأ  
 يسم فالة سلإ تاانة ممرناه فا شرا  لمتا ر ق

 2ير رل  جن قاجم  1سمغ اشا سمشق ي ا سمعطيل

 رعهل   يث سلأقسضا يسمرناه يسم نئة، رق ز سم  يث سمزقسونة، سمانزة، ر ق  -1
 رق ز سم  يث سمزقسونة، سمانزة، ر ق - جاتننرعهل   يث سم -قجم   يث سمخضق -2

 
أجرٌتتت رجرارتتقل تانٌرتتقل عتتً بحرثتتل رااتتتبس راحررثٌتتل ارتتلقي بتقع تتل ي تتر را تتٌ  لتت   ببرتتبً  

ادرررل رأثٌر ناص بٌقه راري بع برربٌقت بلرن ل بل راررتبٌد رانٌرربجٌنتً  9000ب  9002راحررثل راصٌ ً 
 قت رابقئٌل.ثنى إنرقجٌل ناقت رانباٌق باعض راع ق

ررتترلدت رصتتبٌت راالتتع رابن تتال عتتً أراتتع بيتترررت تٌتتس لصصتتت راالتتع رارئٌرتتٌل ابعتتقب ت راتتري 
% بل رررن قذ رابتق  رابٌرتري بلصصتت راالتع رابن تال ابرتربٌقت 20% ب00%ي00راث ثلي بهً راري ثند 
رقاٌتل  ررر تقا راناتقتي يجتت نٌرتربجٌل ان تدرل. برتت درررتل راصت قت را 00ب 00ي 90ي 00رارربٌد رلأراعل بهتً 

ثدد رلأبررق عتً راناتقتي ثتدد رلأعترا عتً راناتقتي بترتبر راينبربعٌت  انناتقتي إنرتقن راناتقت بتل رااتذبري إنرتقن 
را درل بل رااذبري ثدد رااربل عً راناتقتي ثتدد رااتذبر عتً رااترل رابرتتدي بحل رابقئتل تاتل برااتربرٌل رالتقت% 

 اقااذبري 
     ومنها فنرا نما:ينر ن تمخنا سم تائج سمرت

أثنى إنرقن بتل  ان درل يجت نٌرربجٌل 00% بل رابق  رابٌرر بع رارربٌد ابعد  00د عاد اعأثلى راري  -1
 اذبر رانباٌق ان درل.

رتتت عتتً راببرتتت  00.09ب  00.00ي   09.00انغتتت قتتٌت رلارتترم ئ رابتتقئً راببرتتبً ابتصتتب  رانباٌتتق  -2
% ب 00% ي 00برتتتت راثتتتقنً ابعتتتقب ت راتتتري ثنتتتد رتتتت عتتتً راب 92.50ب  05.00ي 00.99رلأب  ب 

 00.02ي  50.00% بتتتل ررتتترن قذ رابتتتق  رابٌرتتتر ثنتتتى رارتتتبراًي يبتتتق انغتتتت يبٌتتتل رابٌتتتقه راب تتتقعل 20
رت عً راببرت راثقنً ان س بعقب ت راتري  09.00ب 00.00ي 50.55رت عً راببرت رلأب  ب 00.00ب

 ثنى راربراً.
  رابٌرر أثنى رااٌت الب  راناقت بثدد رلأبررق عتً راناتقت بثتدد % بل رابق00رررن قذ  اعدأثلى راري  -3

رلأعرا عً راناقت ببتربي رلأبررق بل راينبربعٌ  عً رارنل رلأباىي اٌنبق نرجت أثنى رااٌت اعدد رااتربل 
% بتل رابتق  رابٌرتر عتً 00اقاناقت ببحل رااذبر انناقت بإنرقن را درل بل رااذبر بل راتري ثنتد ررترن قذ 

 اببربٌل.ي  ر
يجتتت نٌرتتربجٌل ان تتدرل إاتتى حٌتتقدي بعنبٌتتل عتتً لتتب  راناتتقت بثتتدد  00د رانٌرربجٌنتتً ابعتتد  ررتتبٌرا أدر -4

رلأبررق عً راناقت بثدد رلأعترا عتً راناتقت ببترتبر رلأبررق بتل راينبربعٌت  عتً يت  راببرتبٌلي اٌنبتق 
رااتربل عتً راناتقت ببحل رابقئتل نرجت أثنى رااٌت ابحل رااذبر انناقت رابرتتد ببحل رااتذبر ان تدرل بثتدد 

 يجت نٌرربجٌل ان درل عً ي  راببربٌل. 00اذريي بل ناقرقت رت رربٌدهق ابعد  
بيتذائ راي تق ي  نباٌتقيقنت أثنى ي ق ي إنرقجٌتل انبرتر رابيعتن بتل بٌتقه راتري رابرترمنيل ابررتلل ناقرتقت را -5

% 00  رابٌرتر باقرنتل اتقاري ثنتد عاتد % بتل رابتق20رلإنرقجٌل ابٌقه راري راب قعلي ثند راري اعد عاتد 
 % بل رابق  رابٌرر عً ي  راببربٌل.00ب

 يجت نٌرربجٌل ان درل. 00حردت ي ق ي رابق  رابررمنئ براب قف احٌقدي رارربٌد رانٌرربجٌنً ترى  -6
% بتل 00برلأصنقف راب قامل ات  ثنتد عاتد  0ربصً رادرررل اري بتصب  رانباٌق صنف ي ر را ٌ  

يجت نٌرربجٌل ان درل عً بنلال  بق  راتدارق ابصتر برابنتقلق  00بع رارربٌد رانٌرربجٌنً ابعد   رابق  رابٌرر
 راب قامل امق.

 
 قام  ت  نم سم  ث

 جقبعل رابنصبري –ينٌل راحررثل  ر رل يالى ر رل سمعاقيلى أ.ل /
 ي ر را ٌ  جقبعل –ينٌل راحررثل  و ل سمشفنق سجراون  سمزوينماأ.ل / 
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  Table (4): Effect of irrigation treatments and nitrogen fertilization levels on seeds yield and its components of 
cowpea in 2009 and 2010 seasons. 

Values having a similar alphabetical letter, within a comparable group of means, are not significantly different, using revised G.S.D. test at 
0.05 level. 

 
Table (5): Effect of the interaction between irrigation treatments and nitrogen fertilization levels on cowpea yield 

and its components in 2009 and 2010 seasons. 

Irrigation 
deficit 

N levels 
Kg N 
fed.

-1
 

Seed yield 
plant

-1 
(g) 

Seed yield fed.
-1 

(kg)
 

No. of pods 
plant

-1
 

No. of seeds pod
-

1
 

100-seed weight 
(g) 

Crude protein (%) 

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

I1  (50%) 

ASMD 

10 26.1f 20.6ef 737.29e 543.65d 15.8f 12.5e 12.7a 12.7a 13.21a 16.02c 18.8c 19.3a 

20 31.6c 24.6de 801.25de 612.69cd 18.7d 13.4de 12.9a 12.9a 13.52a 16.84b 20.0b 20.3a 

30 36.9a 29.7bc 1096.04ab 816.85ab 21.3b 16.4bc 13.1a 13.1a 13.89a 17.40a 20.1ab 20.3a 

40 33.9bc 27.5c 1019.38bc 743.55b 19.0cd 14.1de 12.9a 12.9a 13.66a 16.08c 20.0b 22.7a 

I2  (70%) 

ASMD 
10 29.2de 22.7e 878.33cd 565.89cd 18.0de 13.4de 12.3a 12.3a 12.86a 16.54bc 17.2e 18.1a 

20 33.6c 26.8cd 1009.79bc 779.42b 21.5b 15.0cd 12.6a 12.6a 13.60a 16.75b 20.1ab 19.7a 

30 38.2a 33.4a 1185.83a 855.85a 24.1a 18.6a 12.8a 12.8a 14.04a 16.95a 20.4ab 19.8a 

40 36.8a 29.8bc 1057.92b 817.81ab 22.9ab 16.3bc 12.8a 12.8a 13.87a 16.77b 20.7a 20.2a 

I3 (90%) 
ASMD 

10 23.1g 19.9f 682.88f 555.47d 14.5d 12.3e 12.4a 12.4a 12.99a 15.07d 18.0d 16.6a 

20 28.7e 24.3de 790.38e 638.18cd 16.8c 13.2e 12.6a 12.6a 13.13a 15.82c 18.8c 18.4a 

30 33.5c 27.6c 978.42c 717.59b 19.0cd 14.7cd 12.6a 12.6a 13.59a 15.86c 18.9c 18.6a 

40 32.2c 26.6cd 939.92c 696.37b 18.8d 13.6de 12.8a 12.8a 13.33a 15.80c 18.8c 19.0a 

 

Treatments 

Seed yield plant
-1 

(g) 
Seed yield fed.

-1 
(kg)

 No.                                                                                                                                      
pods plant

-1
 

No. of seeds 
pod

-1
 

100-seed weight (g) 
Crude protein 

(%) 

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Irrigation treatments 

I1(50% ASMD) 32.1b 25.6bc 913.49b 679.19ab 18.7b 14.1ab 12.9a 11.0a 13.57a 16.58a 19.7a 20.6a 

I2(70%  ASMD) 34.5a 28.2a 1032.97a 754.74a 21.6a 15.8a 12.6a 11.2a 13.59a 16.75a 19.6a 19.5a 

I3(90% ASMD)                  29.4c 24.6c 847.90c 651.90b 17.3b 13.5b 12.6a 10.9a 13.26a 15.64b 18.6b 18.2b 

N levels (kg fed.
-1

) 

10 
 

26.1c 21.1c 766.17c 555.00c 16.1d 12.7c 12.5a 14.4b 13.02b 15.88b 18.0b 18.0b 

20  31.3b 25.2b 867.14bc 676.76b 19.0c 13.9b 12.6a 11.1a 13.41ab 16.47a 19.6a 19.4a 

30  36.2a 30.2a 1086.76a 796.76a 21.4a 16.5a 12.8a 11.3a 13.84a 16.74a 19.8a 19.6a 

40  34.2ab 28.0ab 1005.74a 752.58ab 20.3b 14.6b 12.8a 11.3a 13.62a 16.22ab 19.8a 20.6a 


