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ABSTRACT

A field experiment was conducted at Sakha Agricultural Research Station Farm, Kafr EI-Sheikh Governorate, during the
two growing seasons 2013 and 2014 to study the effect of irrigation scheduling; irrigation at 50 (I,), 65(1,) and 80% (l3) of
accumulative pan evaporation (APE) and four systems of sole and intercropping pattern; 1: 1 (P,), 1: 2 (P,) rows for sunflower
cv. Sakha 53, forage cowpea cv. balady, sole sunflower (P3) and sole cowpea (P,) in a split plot design with three replications.
The important findings could be concluded as follows:

The highest values of water applied and consumptive use were recorded under I, in the two growing seasons and the
values were 57.9 and 59.1 cm for water applied and 48.89 and 50.25 cm for water consumed in the first and second season,
respectively. On the other hand, the highest mean values of water productively (WP) and productivity of irrigation water (PIW)
were recorded under |5 (lowest water applied and consumed) for two crops in the two seasons and the value tended to reduce,
gradually, with increasing the irrigation water applied, for planting pattern in 1:2 sunflower/cowpea intercropping pattern gave
the highest PIW under 15 where the values were 0.368 and 0.352 kg m™ of sunflower plus 0.746 and 0.714 kg m™ in 2013 and
2014 growing seasons, respectively. Likewise, WP takes the same trend in the two growing seasons.

Results showed also, all characteristics of sunflower and cowpea were significantly affected by irrigation scheduling and
intercropping systems in both seasons. For sunflower; plant height, stem diameter, head diameter, weight of seeds plant™,100-
seed weight, seed yield fed™ and oil % gave the highest values under irrigation scheduling 1, and the 1: 2 planting pattern. All of
the evaluated growth, yield and yield components traits for cowpea plants; plant height , stem diameter , number of leaves plant™
, dry seed yield , dry matter yield ,dry matter % , crude protein % and crude fiber % exhibited higher figures under irrigation
scheduling (I;) and the 1 : 2 planting pattern (P,). Land equivalent ratio (LER) exhibited higher values with I5 irrigation
scheduling and 1:2 sunflower/ cowpea planting pattern. The highest total income was attained with the 1: 2 planting pattern and
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INTRODUCTION

Water is an essential component of agriculture
and a major part of grain crops, fruits and vegetables
consumed by humans, their food grains fed to animals
that are used as human feeding and food / vegetation to
sustain animals to work in human many parts of the
world. For centuries humans have been concerned with
efficient use of water in production of crops. The ability
to grow crops and manage their needs for water is vital
for the civilization. Greater efficiencies of water use in
agriculture, recycling of water through water treatment
plants in industries can play a catalytic role in saving
this  valuable resource.  Without appropriate
management, irrigated agriculture which is a major part
of agriculture can be detrimental to the environment and
endanger sustainability.

In Egypt, irrigation uses more than 85% of the
total renewable water supply. So, tremendous efforts
should be implemented in this sector to rationalize water
at the national level. One of the most effective ways for
irrigation is to determine crop water need with
accumulation pan evaporation is essential for
maximizing the productivity from each unit of applied
water.

Sunflower is one of the four most important oil
crops in the world, its moderate cultivation requirements
and high oil quality, its acreage has increased in both
developed and developing countries (Demir et al., 2006).

Goksoy et al. (2004) found that seasonal
evapotranspiration (ETC) of sunflower and water use

efficiency WUE decreased by increasing available soil
moisture depletion (ASMD) percentage.

In this field total yield produced, water
requirements of sunflower are comparatively high
compared to most crops. Despite its high water use, the
crop has the ability to withstand short periods of severe
soil water deficit of up to 15 atmosphere tensions. Long
intervals of water deficit, particularly at sensitive
growth stages cause significant reduction in seed yield
(Beyazgul et al, 2000) by limiting evapotranspiration
(ET) through stomata closure, reduced assimilation of
carbon and decreased biomass production (Demir et al.,
2006).

Cowpea (Vigna unguiculata. L.) has been
introduced to Egyptian agriculture as promising double
purpose forage and seed crop for green canopy or using
it in animal diets as dry seed as well as it is a primary
source of protein for humans and animals. It is a high
nutritive value and known in Africa for human
consumption. Forage cowpea as summer crop will
compete with other summer dominant crops, likely, it
has a wide range of compatibility with other crop
species in intercropping systems. At the same time,
cowpea is solid. Therefore, cowpea intercropping may
offer a potential method of incorporating such crop in
the Egyptian agricultural structure.

Ouda et al (2007) concluded that irrigation
applied using 1.0 pan evaporation coefficient attain high
water  productivity  from  1:2  soybean/maize
intercropping pattern and intercropping at 1:2
soybean/maize pattern is the most productive system
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Abou kheira (2009) indicated that, deficit
irrigation significantly affected yields, where kernels
yield decreased by 28.39, 36, and 41% in deficit —
irrigated late vegetative and early flowering, late
flowering and early pegging and pod formation growth
stages respectively, compared with full irrigation
treatments.

Intercropping, during more efficient of water,
solar energy and nutrients can significantly enhance
crop productivity compared to the growth of sole crops
(Yildirim and Guvenc, 2005).

Productivity of component crops in multiple
cropping systems depend on several factors, including
planting date, planting density, cultivated varieties, soil
management and agriculture practices (fertilization,
irrigation etc.) Tsubo et al., 2003.

The intercropped crops, for example, may
extract water from different soil horizons and therefore
more completely capture this growth resource (Zegada-
Lizarazu et al., 2006).

The relative performance of the crop
components in the intercropping depends on planting
pattern, time of planting, fertilizer application,
compatibility of component crop species and pest
(Olowe et al., 2006).

Nawar and Al- Kafoury (2002) found that
increasing plant spacing of sunflower to 30 cm between
hills and 60kgN fed™ increased LER value and more
than one, sunflower was dominant crop, whereas
soybean was dominated. Nofal and Attalla (2006)
indicated that the highest pods yield was found when
yellow maize hybrid was planted in 2:2 pattern and the

highest values of land equivalent ratio LER of maize
and soybean. In general, LER increased by both crops.
The objectives of this study; effects of different
irrigation schedules on sunflower and cowpeas sole and
intercropping pattern, soil water status, growth, yield
parameters and  the water saving under such technique
and computing sunflower and cowpea- water relations
as well as water productivity and productivity of
irrigation water and to recommend an effective
irrigation water management strategy for sunflower and
cowpea intercropping grown in semi-arid regions,
particularly under conditions of water scarcity.

MATERIALS AND METHODS

A field experiments were carried out at Sakha
Agricultural Research Station Farm, during the two
growing seasons of 2013and 2014 to study the three
irrigation interval 50, 65 and 80 % from accumulation
pan evaporation and two intercropping systems 1: 1 and
1: 2) rows of sunflower cv. Sakha 53 and cowpea cv.
Balady were used along with sole planting of each crop.
Sunflower and cowpea seeds were obtained from Agric.
Res. Center (ARC.),Giza ,Egypt. The site located at

Kafr EL Sheikh Governorate, which located at (31 07°

N Latitude, 30" 57° longitude) with an elevation of
about 6 meters above sea level

Data presented in Table 1 which showed some
meteorological parameters during the studied period,
recorded from Sakha Agro-meteorological Station. The
meteorological parameters, include; air temperature (T.,
°C), relative humidity (RH, %), wind speed (U,, Km /
day at 2 m height) and evaporation pan (Ep, mm).

Tablel. Some agro-meteorological parameters in the first and second seasons.

T (°c) RH (%) U2 m Pan
Months* . . ] Evap.
Max. Min. Mean Max. Min. Mean Sec? (mmday™)

2013 Season

June 32.44 23.97 28.21 74.63 51.27 62.95 1.34 6.61
July 32.32 2431 28.32 79.57 54.70 67.14 1.28 6.11
Aug. 33.79 24.72 29.29 83.63 60.52 72.08 1.04 5.13
Sep. 32.50 22.93 27.72 81.00 56.6 68.80 1.01 3.82
2014 Season

June 32.65 20.60 26.63 86.23 52.30 69.27 0.95 6.56
July 33.15 23.64 28.40 83.19 55.11 69.15 1.13 7.73
Aug. 34.10 21.80 27.95 92.40 53.50 72.95 1.15 8.14
Sep. 32.49 20.76 26.63 87.57 52.20 69.89 1.03 6.65

* Source: Agro-meteorological station at Sakha 31°-07' N Latitude, 30°-57'E Longitude, N. elevation 6 m.

Soil particle size distribution and bulk density
were determined as described by Klute (1986). Field
capacity, permanent wilting point and available water
characters were determined according to James (1988).
Chemical characteristics of soil were determined as
described by Jackson (1973) and all data are presented
in Table 2.

All recommended agriculture were performed
according to the crop and the studied site except the
studied treatments.

Sunflower  (Helianthus annuus, L.) and
cowpea(vigna unguiculata, L.) a summer crops were

planted on june,12,2013 for two crops and harvested
september,12,2013 for sunflower and
september,25,2013 for cowpea in first, and in second
season planted on june, 12,2014 for two crops and
harvested  september,9,2014 for sunflower and
september,23,2014 for cowpea, respectively. The
sunflower variety cv. Sakha 53 and forage cowpea cv.
balady.

The amounts of fertilizers were applied for each
crop according to recommendations of Field Crops
Research Institute, Agricultural Research Center (ARC).
Nitrogen fertilizer as 30 nitrogen unit fed® for
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sunflower and 15 nitrogen unit fed™ for cowpea. For
nitrogen was splitted into two doses was applied with
the first irrigation and the second dose was applied with

the second irrigation. The phosphates fertilizer was
applied during tillage preparation as the recommended
dose of 150 kg single superphosphate (15.5 P,0s/ fed.).

Table 2. Particle size distribution, bulk density, some both soil-water characters and chemical soil properties
of the experimental site (mean of 2013 and 2014 seasons)

gggtlhayer Particle size distribution Te>|<tu ral d?r:]slil:y F.C* Soil- ;"f‘/f/e.;f,?”Sta”tA_W***
(cm) Sand% Silt% Clay%  “®° (Kgmd)  (%wtwt)  (Qewtwt)  (Ywtiwt)
0-15 9.80 28.60 61.60 Clay 1.19 46.55 24.20 22.35
15-30 11.50 28.75 59.75 Clay 1.22 44.90 23.30 21.60
30-45 13.50 29.10 57.40 Clay 1.23 42.56 23.00 19.56
45-60 16.30 30.60 53.1 Clay 1.26 41.30 21.35 19.95
Mean 12.78 29.26 57.96 Clay 1.23 43.83 22.96 20.87
Chemical Soil characteristics
H EC Soluble cations, meqL™ Soluble anions, meqL™

P dsm* ca™  Mg"™ Na* K" CO;y” HCO3 cr SO,”
0-15 8.38 2.35 4.65 511 1314 0.60 - 8.35 4.20 10.95
15-30 8.27 2.58 3.85 3.68 1782 045 - 9.15 5.13 11.52
30-45 8.19 3.02 4.58 432 2092 0.38 - 11.50 6.25 12.45
45-60 8.11 3.25 5.23 512 2179 0.36 - 10.60 6.95 14.95
Mean 8.24 2.80 4.57 455 1841 045 - 9.90 5.63 12.47

FC* = Field capacity, PWP** = Permanent wilting point and AW*** = Available soil water

Experimental layout:-

Agricultural practices for two crops were
performed according to the technical recommendations
of AR.C.

The treatments under study

I- The main plot was allocated to

scheduling:-

I~ Irrigation at 50% of accumulation pan evaporation

(APE),
I,- Irrigation at 65% of accumulation pan evaporation
(APE), and
Is. Irrigation at 80% of accumulation pan evaporation
(APE).
The available water in the effective root zone

(122 mm) was used to calculate the allowable depletion.

Therefore, irrigation water was applied when 61 mm

(50% x 122 mm) of available water had evaporated

from the pan in the treatment 50% pan evaporation, 79.3

mm (65 % x 122) in the treatment 65% pan evaporation

and 97.6 mm (80 % x 122) in the treatment 65% pan

evaporation. Taking in consideration, pan coefficient
and irrigation efficiency.

P- The sub-plot were occupied at random with four

growing systems as follow:-

p; -Planting (1 : 1) ridges of cowpea (2 plants/ hill) and
sunflower respectively as in pure stand, This
provides 200% total population i.e. 100%
component population of cowpea plus 100%
component population of sunflower., and

p.- Planting (1 : 2) ridges of cowpea (2 plants/ hill) and
sunflower respectively as in pure stand, This
provides 200% total population i.e. 133.4%
component population of cowpea  plus 66.6%
component population of sunflower.

ps- Planting pure stand of sunflower was planted in
ridges 60 cm width, spaced 30 cm between hills to
give 23333 plants/fad.,

irrigation
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p4- Planting pure stand of cowpea was planted in ridges
60 cm width, spaced 10 cm between hills (one plant
in hill) on both sides of ridges to give 140000
plants/fad.,

Irrigation practices:

1- Irrigation water (1.W):

Irrigation water was measured and controlled by
rectangular weir. Irrigation  water discharge was
determined according to Michael, (1978) as follows:

Q=184LH™
Where:
Q = Water discharge, msec™,
L = width of weir, cm
H = the head above weir crest,cm
2- Water consumptive use:

Percentage of soil moisture was determined (on
weight basis) just before and 48 hrs after irrigation as
well as at harvest to compute the actual consumed water
as stated by Hansen et al., (1979) as follows:

¢2 '¢1

X Dpi X D;j
100

i=4
CU=SMD.= ).
i=1
Where:
CU =Water consumptive use (cm) in the effective
root zone of 60 cm soil depth
S.M.D. = Soil moisture Depletion, cm.

i= Number of soil layer (1-4)

D; = Soil layer thickness (15 cm)
Dyi = Bulk density (Kg gm™) of the concerned soil
layer
¢, = Soil moisture percentage (wt/wt) before the
next irrigation and
¢, = Soil moisture percentage (wt/wt), 48 hours

after irrigation.
3- Consumptive use efficiency (Ecu):
The consumptive use efficiency (Ecu) was
calculated as described by Doornbos and Pruitt (1975)
as follows:
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ETc
Ecu= —— x 100

Wa
Where:
Ecu = Consumptive use efficiency%
ETc =Total evapotranspiration ~ consumptive

use (mfed™).
Wa=Water applied to the field (m*fed™).
4- Productivity of irrigation water (PIW, Kg m™)
Productivity of irrigation water (PIW) was

calculated according to Ali et al (2007).
v

PIW = I
Where
PIW = productivity of irrigation water (Kg m’),
Y  =vyield kg fed™, and
| =irrigation water applied (m® fed™).
5-  Water productivity (WP, Kg m™)

Water productivity is generally defined as crop
yield per cubic meter of water consumption. Concept of
water productivity in agricultural production system is
focused on producing more food with the same water
resources or, producing the same amount of food with
less water resources. Water productivity was calculated
according to Ali et al, (2007).

Where:
WP= water productivity (kg m™)
Y= yield (kg fed™).
ET=total water consumption of the growing
season m° fed™.
- Studied plant parameters:
1-Sunflower:

At harvest a sample of 10 plants was chosen at
random, from the each plot to study:
1-Plant height (cm). 2-. Stem diameter, (cm)
3-Head diameter (cm). 4-Weight of seeds/plant (g).
5-100-seed weight (g). 6- Seed yield fed™
7- oil %

The plants in two ridges of each experimental
unit were harvested, collected together, labeled,
thrashed and the seeds were separated. The seed vyield
was recorded in kg/square meter for separately, then it
converted to record seed yield in kg fad™, and then
calculated the following character:
8-Seed yield (kg fed™).
2-cowpea:

At harvest, a sample of 10 plants was chosen at
random from each plot to calculate the following
characters:

1- Plant height (cm).

3- Number of leaves/plant.
4- Green fodder yield (ton fed™).

5- Dry matter yield (ton fed™). 6- Dry matter %

7- Crude protein % 8- Crude fiber %

The plants in the two ridges of each
experimental unit were harvested, collected together,
labeled, thrashed and the seeds were separated. The seed
yield was recorded in kg/square meter for separately,
and then it converted to record:

2- Stem diameter (cm)

9-Seed yield (kg fad ™).
3-Competitive relationships and yield advantages:
-Land equivalent ratio (LER):
This was determined according to Willey (1979):
Yab Yba
LER= —+ —
Yaa Ybb
Where:
Yab = Mixture yield of a (when combined with b).
Yaa = Pure stand yield of crop (a).
Yba = Mixture yield of b (when combined with a).
Ybb = Pure stand yield of crop (b).
4-Economic evaluation:-
-Gross return (L.E.fed™):

Gross return from each treatment was calculated
in Egyptian pounds (L.E.)/ton of sunflower and
(L.E.)/ton of forage cowpea seeds in both seasons as
follows:-

Kg of sunflower = 2.5L.E. and kg of cowpea seeds =
14L.E. for first season, and

Kg of sunflower = 3.0 L.E. and ton of cowpea seeds =
14 L.E. for second season.

Price of sunflower and cowpea seeds was obtained by
market search.

Statistical analysis:

Data were statistically analyzed according to the
technique of analysis of variance (ANOVA) as
published by Gomez and Gomez (1984). Means of the
treatments were compared using Least Significant
Difference (LSD) at 5% level of significance as
developed by Waller and Duncan (1969).

RESULTS AND DISCUSSION

1. lIrrigation  water
productivities.
Irrigation water applied

The highest irrigation water applied obtained for
sole cowpea for the other irrigation treatments in the
two growing seasons (Table 3). The amounts of
irrigation applied under 1:2 sunflower/cowpea
intercropping pattern were slightly higher than the
applied amounts to either sole sunflower or 1:1
sunflower/cowpea under another irrigation treatments in
the two growing seasons. However, these amounts
water for different intercropping patterns resulted in
producing vyield from two crops (sunflower and
cowpea), which is more useful. For irrigation
treatments, irrigation at 50% of accumulation pan
evaporation I, (57.9 and 59.1 cm in the first and second
seasons, respectively) showed slightly higher than the
applied amounts I, (55.2 and 58.4 cm) and these two
irrigation scheduling were higher than 15 (50.1 and 52.2
cm).

applied and  water

In general, increasing the seasonal values of
applied water for irrigation treatments 11 and 12 as
compare with irrigation treatment 13 might be assign to
increasing one irrigation and hence high the amount of
applied water. These results are in an agreement with
those reported by Ouda et al (2007) and Ahmed and Ali
(2015)
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Table3. Seasonal water applied (m*fed.™), Consumptive
growing seasons.

use (cm), consumptive use efficiency (Ecu) in the two

Water applied, season

Irrigation Planting tm3 fed.” ) em CU, em ) Ecu, % )
scheduling patterns L 2 1° Season 1% Season . 2 1% Season
Season  Season Season Season Season
P, 2418.0 2465.0 57.6 58.7 49.70 49.03 86.28 83.53
| P, 2438.0 2485.0 58.1 59.2 48.95 50.60 84.25 85.65
! Ps 2256.5 23015 53.7 54.8 44.74 46.22 83.31 84.35
Py 2614.5 2667.0 62.3 63.5 52.15 55.14 83.70 86.83
Mean |, 2431.7 2479.6 57.9 59.1 48.89 50.25 84.39 85.09
P, 2282.0 2413.0 54.3 57.4 46.76 48.85 86.11 84.95
I P, 2337.5 2472.0 55.7 58.8 49.97 51.20 89.71 86.92
Pj 21425 22715 51.0 54.1 43.05 46.55 84.41 86.04
Py 2503.5 2653.5 59.6 63.5 52.46 54.50 88.05 85.83
Mean I, 2316.5 24525 55.2 58.4 48.06 50.28 87.07 85.93
Py 1953.0 2060.0 46.5 49.1 40.32 42.30 86.70 86.32
| P, 2107.0 2191.0 50.2 52.2 42.15 44.30 83.96 84.86
3 Ps 1881.0 1931.0 44.8 46.0 39.00 40.25 87.05 87.50
Py 2478.0 2581.0 59.0 61.5 47.50 52.20 80.50 84.87
Mean I3 2105.0 2191.0 50.1 52.2 42.24 44.78 84.55 85.89
Mean | 2284.3 2374.5 54.4 56.6 46.39 48.44 85.34 85.63

1,2 Irrigation at 50% of APE, I,: Irrigation at 65% of APE. and I3: Irr

igation at 80% of APE.

P;: 1:1 sunflower / cowpea planting pattern, P,: 1:2 sunflower / cowpea planting pattern and P,: sole cowpea

Water consumptive use (cm)

Presented data in Table (3) showed that the
mean values of seasonal water consumptive use in the
two growing seasons were affected by irrigation
scheduling and planting patterns under study where the
differences under irrigation treatments among I, and I,
studied were slight or so-called the mean values were
rather similar, but the two treatments higher than I5. The
mean values are 48.89, 48.06 and 42.24 for 14, l,and I3
in the first season respectively. The corresponding
values are 50.25, 50.28 and 44.78 for the same
treatments in the second season. These results were
harmony with those obtained by El-Shamy et al. (2015).

For planting patterns, data showed also that the
highest values of CU were recorded under sole cowpea
(C,). Decreasing the values of water consumptive use
under planting pattern treatments C;, C, and Cj in
comparison with C, attributable to increasing the water
applied under the status of this treatment. so, increasing

50
a8 y =0.8901x - 2.0242
R?=0.9467

46

E 44
. 42
3
O 40 4 T T T T T !
43 50 52 54 56 58 60
water applied, cm
2013

Fig. 1 Correlation between irrigation water applied, cm
the two growing seasons.

Productivity of irrigation water PIW, kg m™.
Productivity of irrigation water was computed to

evaluate the treatments for maximum yield per unit of

water applied in the field. In this case, the greatest PIW
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the open area to sunlight, then, increasing transpiration
from plant surfaces in addition to evaporation.
Consumptive use efficiency (Ecu), %

Consumptive use efficiency as affected by the
adopted irrigation scheduling and planting patterns is
presented in Table 3. Data revealed that the highest Ecu
value was noticed under irrigation at 65% of
accumulation pan evaporation (I,) with values 87.07 and
85.93% in the first and second seasons respectively.
These results are in a great agreement with those
obtained by EI-Shamy et al. (2015)

Data in the same Table indicated that planting

patterns had slight effect on all treatments in
consumptive use efficiency.
The linear regression equations between

irrigation water applied, cm over all planting pattern on
consumptive use, cm are shown in Fig. (1), these
equations show that, the relationship between applied
irrigation water and plants water consumed, cm is more
reliable in the two seasons.

52
50 y=0.8299% +1.4904
£ R?=0.9906
. 48
3
46
44 T T T T !
50 52 54 56 58 60
water applied, cm

2014

and water consumed, cm overall planting pattern in

for sunflower was observed in I3 (0.363 and 0.359 kg
m™), then I, (0.357 and 0.335kg m™), and 1, (0.294 and
0.285 kg m?”) in the first and second seasons
respectively. On the other hand for cowpea the
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corresponding values were 15 (0.789 and 0.708 kg m ),
followed by 1, (0.740 and 0.666kg m ), and I, (0.661
and 0.606 kg m™) in the first and second seasons,
respectively. The slight increase in PIW in I3 than in I,
was connected with increase in seed yield than the
corresponding minimum amount of irrigation water.

For planting pattern in 1:1 and 1:2
sunflower/cowpea systems, PIW were with sunflower
plus cowpea that were use the same unit of applied
water, Hence, cubic meter of irrigation water under |5
(irrigation at 80% of accumulation pan evaporation)
produced 0.355 and 0.334 kg of sunflower plus 0.771
and 0.725 kg of cowpea under 1:1 sunflower/cowpea
intercropping pattern in 2013 and 2014 growing
seasons, respectively. Likewise, 1:2 sunflower/cowpea
intercropping pattern the values were0.368 and 0.352 kg
of sunflower plus 0.746 and 0.714 kg of cowpea, and
the same trend in I, and I, irrigation scheduling. Similar
results were reported by Ouda et al (2007).

Water productivity WP, kg m™.

Data showed in Table (4) demonstrate that, WP
was affected by irrigation water scheduling; the values
were increased under increasing water stress conditions

in the two growing seasons. Under sunflower and
cowpea crops, the highest and lowest values of WP
were recorded under |5 and I, treatment, respectively, in
two seasons. The slight increase in WP in I3 than in I,
was correlating with a minimum amount of irrigation
water and could be due to a major loss of water by
evapotranspiration than the corresponding increase in
seed yield. These results are harmony with Ahmed and
Ali (2015)

For planting pattern in 1:1 and 1:2
sunflower/cowpea systems WP, were recorded with
sunflower plus cowpea that were use the same unit of
water consumed, Hence, cubic meter of irrigation water
under I3 (irrigation at 80% of APE) produced 0.409 and
0.387 kg of sunflower plus 0.889 and 0.841 kg of
cowpea under 1:1 sunflower/cowpea intercropping
pattern in 2013 and 2014 growing seasons, respectively.
Likewise, 1:2 sunflower/cowpea intercropping pattern
the values were0.417 and 0.415 kg of sunflower plus
0.884 and 0.841 kg of cowpea, and the same trend in I,
and 1, irrigation scheduling. These findings are in good
agreement with those obtained by Ouda et al (2007) and
Ahmed and Ali (2015).

Table4. Seasonal productivity of irrigation water (kgm™) and water productivity (WP, kg m™) for sunflower

and cowpea crops in the two growing seasons.

Sunflower crop

Cowpea crop

Irrigation Planting PIW, kg m? WP, kg m? PIW, kg m? WP, kg m?
scheduling patterns 1 2" 2 1 2"d 1 2nd
Season Season Season Season Season Season Season Season
P, 0.281 0.272 0.326 0.326 0.613 0.598 0.711 0.715
| P, 0.293 0.285 0.347 0.334 0.642 0.626 0.761 0.732
1 P 0.307 0.298 0.367 0.354 -- -- -- --
P, -- -- -- -- 0.728 0.594 0.610 0.684
Mean I, 0.294 0.285 0.347 0.338 0.661 0.606 0.694 0.710
P, 0.320 0.301 0.372 0.354 0.693 0.652 0.806 0.766
| P, 0.360 0.338 0.401 0.389 0.731 0.688 0.814 0.791
2 Pj 0.391 0.367 0.463 0.426 -- -- -- --
P, -- -- -- -- 0.796 0.658 0.701 0.762
Mean I, 0.357 0.335 0.412 0.390 0.740 0.666 0.774 0.773
P, 0.355 0.334 0.409 0.387 0.771 0.725 0.889 0.841
| P, 0.368 0.352 0.417 0.415 0.746 0.714 0.844 0.841
8 P 0.367 0.358 0.421 0.408 -- -- -- --
P, -- -- -- -- 0.800 0.613 0.644 0.722
Mean |5 0.363 0.359 0.437 0.416 0.789 0.708 0.837 0.828
Mean | 0.346 0.326 0.399 0.381 0.730 0.660 0.768 0.770

1,2 Irrigation at 50% of APE, I,: Irrigation at 65% of APE. and I3: Irrigation at 80% of APE.
Pi: 1:1 sunflower / cowpea planting pattern, P,: 1:2 sunflower / cowpea planting pattern and P,: sole cowpea

2.Sunflower crop
Sunflower growth
plant height, cm

Plant height is a substantial yield component, the
results of sunflower plant height are shown in Table 5.
It recorded a significant effect of irrigation scheduling
and planting pattern on the plant longest. The higher
plant height (123.9 and 123.7 cm) were found when
sunflower irrigation with 1,. But in case of I, and I3
plant height slightly lower from compared to 1,. The
results were similar to those of Abd El-Hafez et al.
(2002) indicated that reduced irrigation intervals lead to
decrease plant height.

The data in Table 5 shows the effect of
intercropping and interaction of planting pattern and
irrigation on plant height was significant. The highest
plant height was measured in case of sole sunflower and
lower height was obtained in case 1:1 intercropping of
sunflower with cowpea.

Stem diameter, cm

Steam diameter was significantly higher means
values under irrigated scheduling. In addition, the
highest stem diameter were obtained under irrigation at
65 % of accumulation pan evaporation (I,) with values
1.62 and 1.54 cm in the first and second seasons,
respectively, while the lowest values for steam diameter
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were obtained under irrigation at 50 % of accumulation
pan evaporation (l,) with values 1.39 and 1.34 cm in the
first and second seasons, respectively.

Concerning, the impact of intercropping
treatments in all irrigation scheduling, the highest mean
values were listed for intercropping treatment 1:2

intercropping of sunflower with cowpea.

Tableb. Effect of irrigation scheduling and planting patterns on plant height, cm, stem diameter, cm and head
diameter, cm of sunflower in the two growing seasons.

Irrigation Planting patterns Plant height, cm Stem diameter, cm Head diameter, cm
scheduling 1% Season 2" Season 1% Season 2" Season 1% Season 2" Season
P, 116.4 115.9 1.32 1.26 14.85 14.73
Iy P, 121.7 120.9 1.53 1.47 15.44 15.40
P, 1249 1245 1.33 1.29 15.33 15.25
Mean |4 121.0 120.1 1.39 1.34 15.21 15.12
P, 119.5 119.3 1.46 1.31 15.27 15.23
I P, 124.6 1245 1.78 1.73 16.45 16.39
P, 127.5 127.3 1.63 1.59 15.51 15.42
Mean |, 1239 123.7 1.62 1.54 15.74 15.68
P, 1131 112.9 1.35 1.31 14.07 14.00
I3 P, 123.1 122.9 1.52 1.49 14.80 14.74
Pj 124.7 1245 1.43 1.40 14.17 14.11
Mean I3 120.3 120.1 1.43 1.40 14.35 14.28
Mean | 121.73 121.3 1.48 1.43 15.10 15.03
LSD g5 1.493 1.489 0.694 0.109 0.355 0.311
I *kk ** ** * * *
I*P ** ** *k*k ** * *

1,2 Irrigation at 50% of APE, I,: Irrigation at 65% of APE. and I3: Irrigation at 80% of APE.
Pi: 1:1 sunflower / cowpea planting pattern, P,: 1:2 sunflower / cowpea planting pattern and P,: sole cowpea
*, ** *** and NS: significant at p < 0.05, 0.01, 0.0010r not significant, respectively. Means separated at P< 0.05, LSD test.

Head diameter, cm

Head diameter is one of the most important yield
components in sunflower plant. The head diameter
measured in the study were not significantly influenced
(Table 5). The effect of the irrigation scheduling was
significant, as irrigation regime increased from I, to I,
the head diameter of sunflower plants increased, but the
decrease with more water applied in I;. Indeed, this
effect was expected because of positive contribution of
water on plant growth. The consistently better
performance values of head diameter was 15.74 and
15.68 cm for the I, in the first and second seasons,
respectively, while it was 18.48 cm for the check
treatment. For intercropping, also significantly affect the
head diameter as shown in (Table 5), since the highest
values were found in 1:1 sunflower/cowpea
intercropping pattern in overall irrigation scheduling.
Sunflower yield and yield components
Seed yield, kg

The seed yield of sunflower was presented in
Table 6. As seen in Table, there were significant
differences between the growing seasons. Similarly,
maximum seed Yyield was observed for irrigation at 65
% of accumulation pan evaporation (I,) with values
803.26 and 789.13 kg fed.™, in the first and second
seasons, respectively, as a percentage, the sunflower
seed yield reduced with the irrigation period (l;) with
mean values about 13.0% and reduced with the
irrigation period (l3) with mean values about 9.5%. In

this context, Mahendar et al., (2000) reported that seed
yield was consolidated with increase in irrigations
number.

Concerning planting pattern, seed vyield
increased were the highest values in 1:2
sunflower/cowpea intercropping pattern in overall
irrigation scheduling, the sunflower seed yield reduced
from 1:2 to 1:1 sunflower/cowpea intercropping pattern
with mean values about 5.0% and 13.0% and 10.0% in
I, I, and I5 respectively, the reduction of seed yield
from 1:2 sunflower/cowpea intercropping pattern to sole
sunflower with mean values about 3.5% and 0.5% and
10.5% in 1y, I, and 15 respectively.

100 seed weight, g. and Seed weight, g flower disk™

Among the various yield contributing factors 100
seed weight and seed weight flower disk * was two of the
noticeable factors that play a serious role in the final yield
of a crop. The data of sunflower 100 seed weight and
seed weight flower disk -1 in Table 6. It shows significant
effect of irrigation scheduling and planting patterns on
seed weight plant-1. The maximum seed weight and seed
weight flower disk™ were measured when sunflower was
sown under irrigation at depletion 65% of available water
with accumulation pan evaporation I, in the first and
second seasons respectively. On the other hand planting
pattern showed that the highest values were recorded in
1:2 sunflower/cowpea for the all irrigation treatments
overall the two seasons.
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Table 6. Effect of irrigation scheduling and planting patterns in seed yield, kg., 100 seed weight, g., seed
weight g., flower disk™ and oil % of sunflower in the two growing seasons.

100 Seed

Seed weight,

Irrigation Planting Seed yield, kg weight, g. g flower disk™ Oil %
treatments  patterns 1t 2nd 1t 2nd 1% 2nd 1% 2"
Season Season Season Season Season Season Season  Season
P 679.60 670.5 5.23 5.17 35.20 35.13 36.75 36.43
Iy P, 714.20 709.2 5.74 5.68 37.57 38.87 38.20 38.14
P 689.64 686.9 5.54 5.45 38.95 37.53 37.23 37.14
Mean I, 694.48 688.86 5.50 5.43 37.24 37.18 37.39 37.24
P 730.64 725.3 6.40 6.33 38.47 41.33 38.01 37.90
P P, 840.93 835.9 7.18 7.09 46.34 46.11 39.70 39.60
P 838.22 833.2 7.10 7.02 41.48 46.25 39.11 39.05
Mean I, 803.26  789.13 6.89 6.81 42.07 44,57 38.94 38.85
P 692.80 687.2 5.82 5.73 38.40 38.29 36.96 36.71
I3 P, 775.45 771.8 6.20 6.14 43.58 43.12 38.24 38.15
P 689.68 691.3 6.35 6.27 41.66 41.59 37.93 37.81
Mean |5 719.31 716.76 6.12 6.05 41.21 41.00 37.71 37.56
Mean | 739.02 731.58 6.15 6.10 40.17 40.92 38.01 37.88
LSD g5 17.745 15.354 0.420 0.408 1.223 1.423 0.278 0.246
| * ** ** *kk *kk *kk **k*k **k*k
F test P *k*k *k*k ** ** *kk ** **k*k **k*k
I*P Fkk Fkk NS NS NS NS * *

1,2 Irrigation at 50% of APE, I,: Irrigation at 65% of APE. and I3: Irrigation at 80% of APE.
Pi: 1:1 sunflower / cowpea planting pattern, P,: 1:2 sunflower / cowpea planting pattern and P,: sole cowpea
w w% %%k gand NS: significant at p < 0.05, 0.01, 0.0010or not significant, respectively. Means separated at P< 0.05, LSD test.

Oil %

Our results showed also oil content was
significantly affected by irrigation scheduling, planting
pattern and interaction between irrigation scheduling x
planting patterns (Table 6). Data showed that maximum
oil content was produced within 2013 compared with
2014. For scheduling irrigation, maximum oil content
was recorded under irrigated at 65 % of accumulation pan
evaporation (l,) with values 38.94 and 38.85 %, in the
first and second seasons, respectively. Planting pattern
revealed maximum  oil content under 1:2
sunflower/cowpea intercropping pattern in the two
growing seasons under overall irrigation scheduling.
These results do not harmony with those announced by
Santonoceto et al., (2003) who noticed that an increase in
oil content due to increase in irrigation applied.

The interaction between deficit irrigation
scheduling and intercropping system significantly
affected seed yield, kg and oil % and show no significant
in 100 seed weight, g and seed weight, g flower disk™.
3.Cowpea forage crop
Cowpea growth

Data illustrated in Table 7 show irrigation and
intercropping systems had a significant effect on all
studied characters in both seasons. While plant height,
Stem diameter, number of leaves, Fiber recorded the
highest values under irrigation at 65 % of accumulation
pan evaporation (I;) and when grown cowpea plants as

sole in both seasons. This result mainly attributed to
increase the amount of water consumed in the sole
system for intercropping systems due to lack of
competition on the water and thus an increase in these
attributes, in addition to light use efficiency of solar
radiation utilized by cowpea plants, which resulted in
minimizing competition between cowpea plants as well
as between cowpea and sunflower plants for light, which
in turn enhances the conversion of light energy to
chemical energy and consequently encourages the dry
matter accumulation, followed by 1:2 system then 1:1
system which came in the last rank, this may be due to
the differences of distribution for both crops per unit area
under intercropping systems, which resulted in
maximizing the effect of intra and inter specific
competition among cowpea plants, also between cowpea
and sunflower plants, which lead to low water use and
light solar radiation use efficiency utilized by cowpea,
which in turn low in the conversion of light energy to
chemical energy and consequently low the dry matter
accumulation. Similar results were reported by Sawan et
al. (2001), Nawar and Al- Kafoury (2002) and Nofal and
Attalla (2006).

The interaction between deficit irrigation
scheduling and intercropping system significantly
affected plant height, cm and number of leaves and show
no significant in steam diameter, cm and fiber%.
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Table 7. Effect of irrigation scheduling and planting patterns in plant height, cm and steam diameter, cm
number of leaves and fiber of cowpea frorage in the two growing seasons.

L . Plant height, cm Stem diameter, cm  No of leaves / plant Fiber %
I rrlgatlon Plantl ng 1st an 1st nd 1st 2nd 1st 2nd
treatments  patterns Season Season Season 2 Season Season Season Season Season
P 130.96 130.89 1.26 1.16 41.33 41.01 30.22 30.13
Iy P, 14554 145.49 1.36 1.26 54.99 5491 31.66 31.54
P, 150.29 150.20 1.49 1.37 57.45 57.37 32.86 32.27
Mean |, 142,26 142.19 1.37 1.26 51.26 51.10 3131 3131
P, 13719 137.12 1.55 1.47 49.50 49.40 31.80 31.70
Pt P, 152.76  152.68 1.67 1.58 61.17 61.10 32.86 32.75
P, 163.57 163.49 1.80 1.72 61.70 61.63 33.20 33.09
Mean I, 151.17 151.10 1.67 1.59 57.46 57.38 32.62 32.51
P, 134.04 133.93 1.32 1.23 44.41 44.33 30.40 30.29
I3 P, 148.61 148.51 1.39 1.27 56.37 56.27 31.89 31.82
P4 153.71 153.59 1.52 1.44 58.70 58.59 32.67 32.61
Mean I3 145.45 145.38 141 131 53.16 53.06 31.65 31.57
Mean | 146.29 146.22 1.48 1.39 53.96 53.85 31.86 31.80
LSD g5 1.368 1.363 0.044 0.082 1.194 1.283 0.534 0.530
I *k*k *kk *kk *kk ** ** ** *k*k
F test P *k*k *kk *kk *kk **k*k **k*k **k*k *k*k
I*P * * NS NS ** ** NS NS

1;: Irrigation at 50% of APE, I,: Irrigation at 65% of APE. and I3: Irrigation at 80% of APE.
Pi: 1:1 sunflower / cowpea planting pattern, P,: 1:2 sunflower / cowpea planting pattern and P,: sole cowpea
w w% %%k gand NS: significant at p < 0.05, 0.01, 0.0010or not significant, respectively. Means separated at P< 0.05, LSD test.

Cowpea forage yield and its components.

Irrigation scheduling and intercropping systems
had a significant effect on all yield components of
cowpea forage in both seasons. While Grain yield fed™,
Protein %, Dry matter, kg and Dry matter % recorded
the highest values when grown sole cowpea in both
seasons. This result mainly attributed to more increase
in the amount of water applied and consumed in the sole
system than the other intercropping systems due to lack
of competition on the water and thus an increase in
these attributes but for scheduling, irrigated at 65 % of
accumulation pan evaporation (1) give the highest yield
and its components. These results are in agreement with
Amer et al (2002) and Buan (2002) they concluded that
dry seed yield significantly increased with increasing
the amount of applied irrigation water, in addition to
light use efficiency of solar radiation utilized by
cowpea plants , which resulted in minimizing
competition between cowpea plants as well as between
cowpea and sunflower plants for light, which in turn
enhances the conversion of light energy to chemical
energy and consequently encourages the dry matter
accumulation, followed by 1:2 sunflower/ cowpea
planting pattern then 1 : 1 sunflower/ cowpea planting
pattern which came in the last rank, this may be due to
the differences of distribution for both crops per unit
area under intercropping systems, which resulted in
maximizing the effect of intra and inter specific

competition among cowpea plants, also between
cowpea and sunflower plants, which lead to low light
use efficiency of solar radiation utilized by cowpea,
which in turn low in the conversion of light energy to
chemical energy and consequently low the dry matter
accumulation. Similar results were reported by Nawar
and Al- Kafoury (2002) and Nofal and Attalla (2006).
Land equivalent ratio (LER) and gross return
(L.E., fed™):

This is a method used to calculate the
effectiveness of intercropping systems. It is the most
widely used index for measuring the advantages of
intercropping systems on combined yield of both crops.
It is defined as the relative land area under sole crops
required producing yields achieved in intercropping.
.Data in Table (9) recorded that, the land equivalent
ratio values were affected by irrigation scheduling and
intercropping pattern in the two growing seasons. with
regard to the effect of irrigation scheduling on land
equivalent ratio, the highest values in the two growing
seasons were showed under irrigation treatment 13.
meanwhile, the lowest values were recorded under
irrigation treatment 12. These results are in harmony
with those obtained by Aou Khadra et al. (2013) they
concolded that LER values were high at any
intercropping systems.
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Table 8. Effect of irrigation scheduling and planting patterns in dry seed yield kg , protein %, dry matter, kg
and dry mater % of cowpea forage in the two growing seasons.

Irrigation Planting Dr;l/stseed y|eI§ln,dkg 1§r0te|n Cyzond DlrS)t/ matter,zrlég DlrS)t/ matteré:fa
treatments patterns Season Season Season Season Season Season Season  Season
P, 1484 1473 11.89 11.82 1.93 1.85 15.64 15.55
Iy P, 1564 1555 12.67 12.53 2.86 2.41 16.27 16.18
P, 1594 1583 12.83 12.75 3.07 3.00 16.90 16.79
Mean I, 15.47 1537 12.46 12.3 2.62 2.42 16.27 16.17
P, 1582 1571 13.17 13.09 2.48 2.39 16.36 16.27
I, P, 1709 1701 14.83 14.73 3.38 3.29 17.41 17.32
P, 1754 1745 15.52 15.41 3.52 3.41 17.75 17.40
Mean I, 1682 1672 14.51 14.41 3.13 3.03 17.17 17.00
P, 1505 1495 11.65 11.55 2.06 1.96 15.81 15.70
I3 P, 1571 1564 12.79 12.70 2.93 2.83 16.82 16.70
P, 1596 1583 12.90 12.79 3.16 3.07 16.95 16.84
Mean |5 1557 1547 12.45 12.35 2.72 2.62 16.53 16.41
Mean | 1595 1585 13.14 13.02 2.82 2.69 16.66 16.53
LSD g5 46.501  49.502 0.393 0.399 0.177 0.364 0.368 0.425
I *%* *%* *%* *%* *%* *%* **k%* **k*x
F test P **k* **k* **k* **k* **k* **k* **k%* **kx
I*P NS NS okl *x NS NS NS NS

1,2 Irrigation at 50% of APE, I,: Irrigation at 65% of APE. and I;: Irrigation at 80% of APE.
P;: 1:1 sunflower / cowpea planting pattern, P,: 1:2 sunflower / cowpea planting pattern and P,: sole cowpea
®, %% %%% and NS: significant at p < 0.05, 0.01, 0.0010or not significant, respectively. Means separated at P< 0.05, LSD test.

Table 9. Effect of irrigation scheduling and intercropping pattern sunflower with cowpea on land equivalent
ratio and gross return (L.E., fed.™) in two growing seasons.

Irrigation Planting Land equivalent ratio Gross return (L.E. fed™)
treatments patterns 1°' Season 2" Season 1% Season 2" Season
| P, 1.92 1.90 22475 22633
! P, 2.02 2.01 23681 24023
Mean I, 1.97 1.95 23078 23328
| P 1.77 1.77 23973 24337
2 P, 1.97 1.95 26028 25645
Mean I, 1.87 1.86 25000 24990
| P 1.94 1.92 22802 22992
8 P, 2.11 2.10 23932 24208
Mean |5 2.02 2.01 23367 23600

Water scheduling and planting pattern had effect
on gross return, for irrigation scheduling the highest
values were recorded under irrigation treatment 1, and
the values are 25000.0 and 24991.0 (L.E. fed™.)) at the
same time , the lowest values were showed under
irrigation treatment 11 and the values are 23078.00 and
23328.00 in the first and second growing seasons,
respectively. On the other hand, planting pattern showed
effect on gross return under overall irrigation scheduling
in the two growing seasons. These results were in line
with were reported by EI-Shamy et al. (2015).

CONCLUSION

Our results showed that moderate water
scheduling (irrigation at 65% of "APE) in sole crop and
intercropping pattern not only does not reduce
sunflower and forage cowpea yield, but led to increase
yield component. Hence the irrigation water scheduling
should be restricted when there is no difference in the
crop yield. Given these findings, sunflower and cowpea
mixed culture in 1:2 intercropping pattern is

enforceable. Therefore, under limited water sources in
summer season it could be recommended that using
intercropping system with moderate water scheduling. It
is still need to have more studies for deepen
understanding of intercropping systems interacted with
irrigation scheduling.
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