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ABSTRACT

Six field experiments were conducted in Giza Agricultural
Research Station, Egypt during 2010, 2011 and 2012 growing
seasons to study the effect of two types of N fertilizers (urea
and urea form as slow-release (UF)) on intercropping cowpea
with sunflower and intercropping wheat with pea. A split plot
design with three replications was used. The results indicated
that insignificant effect of cropping systems was found for
sunflower and significant effect was found for cowpea yield.
Significant effect of N fertilizers was found on sunflower and
insignificant effect was found for cowpea yield. Furthermore,
insignificant effect of interaction of cropping systems and N
fertilizers was found for sunflower and significant effect was
found for cowpea vyield. With respect to wheat and pea
intercropping, both crops were significantly affected by
intercropping system. Significant effect of N fertilizers was
found on wheat and insignificant effect was found for pea
yield. Both wheat and pea were significantly affected by the
interaction of cropping system and N fertilizers. Yield
advantage was achieved because land equivalent ratio
exceeded 1.00. Dominance analysis proved that leguminous
crop is dominated component. Thus, the studied intercropping
systems could be recommended to farmers due to its beneficial
returns.

Key words: sunflower intercropped with cowpea; wheat
intercropped with pea; urea; slow-release urea form;
competitive relationships

IZVLECEK

MAKSIMIZIRANJE PRODUKTIVNOSTI ZEMLJISC S
POPESTRITVIJO KOLOBARJA Z MEDSETVIJO IN
RAZLICNIH NACINOV GNOJENJA Z DUSIKOVIMI

GNOJILI

V Sestih poljskih poskusih je bil preucevan ucinek dveh
nacinov gnojenja z duSikovimi gnojili (urea in oblika ure s
pocasnim spros$canjem (UF)) na medsetev kitajske vinje s
soncnico in pSenice z grahom na Giza Agricultural Research
Station, Egypt, v rastnih sezonah 2010, 2011 in 2012. lzveden
je bil poskus z deljenkami s tremi ponovitvami. Rezultati so
pokazali neznacilen vpliv kolobarja na pridelek pri sonénici in
znacdilen ucinek pri vinji. Znacilen ucinek dusikovih gnojil na
pridelek je bil ugotovljen pri son¢nici in neznacilen pri vinji.
Se ve&, neznaéilni uginek medsebojnega vpliva kolobarja in
dusikovih gnojil je bil ugotovljen pri pridelku sonénice in
znacilen pri pridelku vinje. Pri medsetvi pSenice z grahom sta
bili obe polj$€ini znadilno vplivani z medsetvijo. Znacilni
uc¢inek dusikovih gnojil je bil ugotovljen pri pridelku psenice
in neznaCilen pri pridelku graha. Na pSenico in grah je
znacilno vplivala interakcija kolobarja in gnojenja z dusikom.
Vedji pridelek je bil dosezen pri kolobarjih z medsetvami, saj
je bil ekvivalent zemljis¢a nad 1,00. Analiza dominance je
pokazala, da so bile poljs¢ine metuljnic prevladujoca
komponenta. Preucevane kolobarje z medsetvami bi lahko
priporocali kmetom zaradi ugodnih donosov.

Kljuéne besede: medsetev sonénic in kitajske vinje; medsetev
pSenice in graha; urea; pocasno sproscujoca
urea; tekmovalna razmerja
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1 INTRODUCTION

It is known that high population growth in Egypt is
increasingly putting stress on environmental resources,
particularly water resources, which limit our ability to
cultivate new lands to fulfill food needs of the
population. The traditional cultivation method done by
the Egyptian farmers is two crops per year, namely
winter crop followed by summer crop. However, the
current food insecurity in Egypt motivates us to increase
land productivity by intercropping. Intercropping is a
useful technique to increase productivity per unit area,
where one crop share its life cycle or part of it with
another crop (Eskandari et al., 2010). This practice can
be used as a way to improve soil fertility and increase
land productivity (Kamel et al., 2010). The conventional
ways for intensifying crop production are vertical and
horizontal expansions (Andersen, 2005). Intercropping
offers two additional dimensions, time and space. The
intensification of land and resources use in space
dimension is an important aspect of intercropping. It
enhances the efficient use of light as two or more
species that occupy the same land during a significant
part of the growing season and have different pattern of
foliage display (Francis, 1986). Furthermore, different
rooting patterns can explore a greater total soil volume
because of the roots being at different depths (Francis,
1986). These differences in foliage display and rooting
patterns create the space dimension of intercropping
(Dunn et al. 1999).

Intercropping cowpea with sunflower in Egypt can
attain several befits, it can increase the cultivated area of
summer forage crops, such as cowpea because in Egypt
we have a gap between production and animal
consumption of summer feed. This situation occurs
there as competition between cereal crops and forage
crops in the summer. Furthermore, there is another
benefit for legume forage crop, it is expected that it will
improve soil fertility (Hamd Alla et al., 2014). In
addition, there was no previous research in Egypt on
that intercropping system. Amujoyegbe et al., (2013)

indicated that intercropping cowpea with sunflower did
not affect sunflower vyield, but it increased land
equivalent ratio to be close to 200 %. Land equivalent
ratio is the ratio of area needed under sole cropping to
one of intercropping at the same management level to
produce an equivalent yield. Rodrigues (2011) stated
that, in cowpea intercropping with sunflower system,
the highest productivity of sunflower occurred when
cowpea planting density was 25 %.

Moreover, in Egypt, there is a large gap between
production and consumption of wheat. Therefore, to
increase its production, it can be intercropped with other
crops, such as winter vegetables crops. Thus,
intercropping wheat as a secondary crop with pea as the
main crop will help in increasing wheat production on
the national level.

Nitrogen is one of the most important mineral nutrients
in crops production. The use of expensive chemical
nitrogen fertilizers in Egypt is a limiting factor for low-
income farmers, which increases the cost of crop
production. On the contrary, slow-release nitrogen
fertilizers are effective and inexpensive alternative to
soluble N (Jiao et al., 2005). Abbady et al., (2016)
indicated that application of slow release nitrogen
fertilizer increased the yield of pea intercropped with
wheat.

Several researches were done in Egypt on the effect of
intercropping systems in one growing season on land
equivalent ratio. However, there was no previous
research done on the effect of intercropping in two
growing seasons on land equivalent ratio using different
nitrogen fertilizers types. Thus, the objective of this
research was to study the effect of two types of N
fertilizers on intercropping cowpea with sunflower and
intercropping wheat with pea to increase land
productivity.

2 MATERIALS AND METHODS

The experiments were conducted at Giza Agricultural
Research station, Giza, Egypt (latitude = 30.02°,
longitude = 31.13° and elevation above sea level = 22,
5 m). The soil of study site has been classified as clay.
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Some mechanical and chemical properties have been
recorded in Table 1 as described by Chapman and Pratt
(1961).
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Table 1: Some mechanical and chemical characteristics of the studied soil.

Depth Particle size distribution

(cm) Sand (%) Silt (%) Clay (%) Texture
0-10 7.50 37.00 55.50 Loamy clay
10-30 6.75 35.75 58.50 Loamy clay
30-60 5.50 36.50 59.00 Loamy clay
Depth Chemical characteristics

(cm) N (mg/kg) O.M. (%) E.C. (dS/m) pH
0-10 55.50 2.10 1.11 7.11
10-30 53.50 1.80 1.25 7.30
30-60 53.60 1.77 1.21 7.11
Depth Cations (Me/L)

(cm) K* Na* Mg™* Ca™
0-10 0.32 4.75 3.50 2.50
10-30 0.36 5.60 3.50 3.00
30-60 0.32 5.25 3.50 3.00
Depth Anions (Me/L)

(cm) SO4” cr HCO;’
0-10 4.07 6.50 0.50
10-30 4.46 7.50 0.50

30 - 60 4.07 7.50 0.50

The experimental area has an arid climate with cool
winters and hot dry summers. The meteorological
variables were daily recorded throughout the crop
growing season. Yearly average temperature was 25.8,
26.4 and 25.2 °C for 2010, 2011 and 2012, respectively.
Furthermore, rain was very low about 20 mm in the
experimental site. The experiment has been initiated
during the summer season for three consecutive years
(2010 — 2013) with cowpea (Vigna unguiculata ‘Karim
1) intercropped on sunflower (Helianthus annuus
‘Sakha 53°) as summer pattern. It was followed by
wheat (Triticum aestivum ‘Sakha 94°) intercropped with
pea (Pisum sativum ‘Master B’) as winter pattern. The
experimental design was split plot design with three
replications. The experiment consisted of eight
treatments as follows:

2.1 Cropping systems (Figure 1)
2.1.1 Summer crops:

2.1.1.1 Sunflower seeds were sown on both sides of bed
(120 cm width) with 100 % planting density; meanwhile
cowpea was drilled on middle of the same bed in two
rows, with 20 cm distance (50 % of planting density).
This pattern was expressed as CS;.

2.1.1.2 Sunflower seeds were grown on both sides of
bed (120 cm width) with 100 % of planting density,
meanwhile cowpea was drilled on middle of the same
bed in three rows, with 20 cm distance (75 % of
planting density). This pattern was expressed as CS,.
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Sunflower-

Sunflower.

Figure 1: Intercropping and sole cultures of all the tested crops
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2.1.1.3 Cowpea seeds were drilled on middle of the bed
(120 cm width) in four rows. This pattern was expressed
as sole cowpea (100 % of planting density).

2.1.1.4 Sunflower seeds were grown on both sides of
bed (120 cm width). This pattern was expressed as sole
sunflower (100 % of planting density).

2.1.2 Winter crops

2.1.2.1 Wheat grains were grown on middle of bed
(120 cm width) in three rows (60 % of planting density),
meanwhile pea was drilled on both sides of the same
bed. This pattern was expressed as CSa.

2.1.2.2 Wheat grains were grown on middle of bed
(120 cm width) in five rows (80 % of planting density),
meanwhile pea was drilled on both sides of the same
bed. This pattern was expressed as CS,.

2.1.2.3 Pea seeds were drilled on both sides of bed
(120 cm width). This pattern was expressed as sole pea
(100 % of planting density).

2.1.2.4 Wheat grains were grown on middle of bed
(120 cm width) in six rows (100 % of planting density).
This pattern was expressed as sole wheat.

2.2 Nitrogen fertilizers

2.2.1 Ureaas an ordinary fertilizer (46.5 % N)

2.2.2 Urea form (UF) (40% N) as a slow-release
fertilizer

Table 2 showed the applied amount of urea and urea
form fertilizer during the three growing season (2010-
2013) to the studied crops.

Table 2: Urea and urea form treatments applied to the studies crops in the three growing seasons

Crop Fertilizer type  Application rate Application time
(kg N/ha)

Cowpea intercropped with sunflower Urea 142.8 3 doses every season
Urea form 238.0 1 dose every 2 seasons

Cowpea Urea 71.4 3 doses every season
Urea form 119.0 1 dose every 2 seasons

Sunflower Urea 71.4 3 doses every season
Urea form 119.0 1 dose every 2 seasons

Pea intercropped with wheat Urea 261.8 3 doses every season
Urea form 0 Not applied

Wheat Urea 166.6 3 doses every season
Urea form 0 Not applied

Pea Urea 95.2 3 doses every season
Urea form 0 Not applied

The experimental work has been managed adopting the
permanent raised beds planting with reduced tillage
(only hand weeding) in order to minimize disturbance of
soil particles. On all crops in each treatment,
recommended dosed of phosphorus and potassium
fertilizers were added. The recommended dose of
phosphorus was calcium super phosphate (15.5 % P,0s)
with the amount of 240 kg/ha added before sowing.
Potassium sulphate (48 % K,0) was added at the rate 12
kg/ha in two equal doses with first and second
irrigation.

2.3 Yield and its attributes

At harvest, the following traits were measured on ten
boarded plants from each plot.

2.3.1 Summer season:

Regarding to sunflower, plant height (cm), head
diameters (cm), seed mass per head (g), and seed yield
(t/ha) were measured. Seeds yield was recorded on the
basis of experimental plot area by harvesting all plants
of each subplot. With respect to cowpea, forage yield
(t/ha) was recorded on the basis of experimental plot
area by harvesting all plants of each subplot.

2.3.2 Winter season:

For wheat, plant height (cm), spike length (cm), 1000-
grain mass (g), grain yield (t/ha) were measured. Yield
was recorded on the basis of experimental plot area by
harvesting all plants of each subplot. Regarding to peas,
seed vyield (t/ha) was recorded on the basis of
experimental plot area by harvesting all plants of each
subplot.
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2.4 Competitive relationships
2.4.1 Land equivalent ratio (LER):

It is defined as the ratio of area needed under sole
cropping to one of intercropping at the same
management level to produce an equivalent yield (Mead
and Willey, 1980). It is calculated as follows:

LER = (Yab/Yaa) + (Yba/Ybb)

Where: Y., = pure stand yield of crop a (sunflower or
wheat), Yy, = pure stand yield of crop b (cowpea or pea),
Y, = intercrop yield of crop a (sunflower or wheat) and
Ya = intercrop yield of crop b (cowpea or pea).

2.4.2 Aggressivity:

It represents a simple measure of how much the relative
yield increase in one crop is greater than the other in an
intercropping system (Willey, 1979)

Asb = [Yao/(Yaa X Zap)] — [Yia/ (Yo X Za)]
Apa = [Yoa! (Yoo X Zpa)] = [Yan! (Yaa X Zap)]

Where:Y,, = pure stand yield of crop a (sunflower or
wheat), Yy, = pure stand yield of crop b (cowpea or
pea), Y, = intercrop yield of crop a (sunflower or
wheat), Yy, = intercrop yield of crop b (cowpea or pea),
Zy, = The respective proportion of crop a in the

intercropping system (sunflower or wheat), Zp, = the
respective proportion of crop b in the intercropping
system (cowpea or pea).

Aggressivity determines the difference in competitive
ability of the component crops in intercropping system.
The positive sign of the equation results indicates which
crop is dominant and the negative sign of the equation
indicates which crop is the dominated component.
Higher numerical values of aggressiveness denote
greater difference in competitive ability, as well as,
bigger difference between actual and expected yield in
both crops.

2.5 Statistical analysis

Analysis of variance for split plot design for the
obtained results of each season was performed. The
homogeneity test was conducted of error mean squares
and accordingly, the combined analysis of the three
experimental summer and winter seasons carried out.
The measured variables were analyzed by ANOVA
using MSTATC statistical package (Freed, 1991). Mean
comparisons were performed using the least significant
differences (L.S.D) test with a significance level of 5 %
(Gomez and Gomez, 1984).

3 RESULTS AND DISCUSSION

3.1 Yields of summer crops
3.1.1 Cropping systems

The results in Table 3 indicated that all sunflower yield
and attributes were not significantly affected by the
cropping systems in the combined data across the three
growing seasons. This result could be attributed to the
high competitiveness of sunflower, as a tall crop on
cowpea as short foliage plant.

Forage yield of cowpea (Table 3) was significantly
affected by the cropping systems (P<0.05).
Intercropping cowpea with sunflower decreased cowpea
forage yield per unit area, compared to sole cowpea as a
result of lower plant density in the intercropping system.
As a result of intercropping, forage yield per area was
decreased by 40 %, compared to sole cowpea. These
results could be attributed to spatial arrangement of
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mixed pattern increased inter-specific competition
between the intercrops for basic growth resources
(Kumar et al., 1990).

With respect to plant density of intercropped cowpea,
intercropping three rows of cowpea recorded higher
forage yield than the other one (Table 3). Adjusting
planting density is an important tool to optimize crop
growth and the time required for canopy closure, and to
achieve maximum biomass and yield (Liu et al., 2008).
It was shown that increasing intercropped cowpea plant
density from 50 to 75 % of sole culture increased forage
yield by 54 % in the combined data across the three
seasons (P <0.05). These results are in agreement with
those obtained by Njoku and Muoneke (2008) who
concluded that yield of cowpea was the highest with the
highest cowpea density.
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Table 3: Effect of cowpea intercropping with sunflower system and N fertilizer type and their interaction on
sunflower seed yield and its attributes and forage yield of cowpea, combined data (2010, 2011 and 2012)

Treatments N type Plant  height Head diameter Head seed Seed yield Cowpea
(cm) (cm) mass (g) (t/ha) forage vyield

(t/ha)
Urea 158.61 16.88 64.76 3.61 21.77
CS; UF 160.92 17.05 65.12 3.71 21.96
Average  159.76 16.96 64.94 3.66 21.86
Urea 157.88 17.53 65.35 3.59 33.60
CS; UF 159.02 17.11 65.87 3.61 33.69
Average 158.45 17.32 65.61 3.60 33.64
Average of Urea 158.24 17.20 65.05 3.60 27.68
intercropping ;¢ 159.97 17.08 65.49 3.66 27.82
Average 159.10 17.14 65.27 3.63 27.75
Urea 158.06 17.72 65.19 3.58 46.24
Sole culture UF 160.47 17.66 65.52 3.72 46.20
Average 159.26 17.69 65.35 3.65 46.22
Average of N Urea 158.18 17.37 65.10 3.59 33.87
fertilizer UF 160.13 17.27 65.50 3.68 33.95
LSDy 05 Cropping systems N.S. N.S. N.S. N.S. 8.38
LSDos N fertilizer type N.S. N.S. 0.39 0.06 N.S.
LSDy s Interaction N.S. N.S. N.S. N.S. 10.44

3.1.2 N fertilizer type

Sunflower head seed mass per plant (g) and seed yield
(t/ha) were significantly affected by N fertilizer type,
where P <0.05 (Table 3). Sunflower plants had higher
values of head seed mass and seed yield per hectare
with the application of urea form as slow-release
fertilizer, compared to those under the application of
urea as ordinary fertilizer. Ahmed (1993) reported that
urea form increased head diameter and head seed mass,
compared to ordinary urea. Thus, it was likely that N in
soil under ordinary fertilizer was not enough, which
leaded to increase in blank seeds at the center of
sunflower head (Sinwat and Streer, 1992). It is known
that N from urea can be lost to the atmosphere, if urea
remains on the soil surface for extended periods of time
during warm weather (Overdahl et al., 2016), which
could occurred during the summer season in the
experiments. Moreover, urea form has a controlled
release of N fertilizer that reduces N exposure to
potential losses such as runoff, leaching and
denitrification, compared to ordinary urea (Ruark,
2012). Similar resulted were observed by Abdel-Wahab

and ElI Manzlawy (2016) who found that sunflower
plants with the application of urea form reduced N
losses as volatilization or leaching.

With respect to cowpea forage yield, it was not affected
by N fertilizer type (Table 3) perhaps because of its
symbiotic relationship with N fixing bacteria, which
promoted plant growth and development (Amakiri,
2000).
3.1.3 Interaction between cropping systems and N
fertilizer type

All the studied traits of sunflower were not significantly
affected by the interaction between cropping systems
and N fertilizer type (Table 3). These results revealed
that each of these two factors act independently on
sunflower vyield and yield components meaning that
cropping systems responded similarly to N fertilizer
type for all the studied traits of sunflower.

With respect to cowpea crop, forage yield of cowpea
was significantly affected by the interaction between

Acta agriculturae Slovenica, 109 - 3, december 2017

487



Abd El-Hafeez A. ZOHRY et al.

cropping systems and N fertilizer type (Table 3).
Intercropping two rows of cowpea with sunflower that
received urea or urea form recorded lower forage yield
per hectare than sole cowpea with the application of
urea or urea form. Obviously, increasing plant density
of intercropped cowpea crop from 50 to 75 % of sole
culture had a positive effect on forage yield per unit
area, regardless of N fertilizer type. It is expected that
application of urea negatively affected rhizobia activity
in rhizosphere of cowpea roots, where growth of the
bacteria that actually fix N and N fixing declined
(Braunwart et al., 2001) although N fertilizer as starter
could improve nodulation and biological N fixation
capabilities. Hence, application of urea form may
improve rhizobia activity and increase soil N
availability for cowpea growth and development under
cropping systems (Ali et al., 2010). These results show
that there was a positive significant effect (P <0.05) of
interaction of cropping systems and N fertilizer type on
forage yield of cowpea.

3.2.1 Cropping systems

Wheat plant height (cm), spike length (cm), 1000—grain
mass (g) and grain yield (t/ha) were significantly
affected by the cropping systems (Table 4). Conversely,
intercropping culture significantly decreased plant
height and grain yield per hectare, compared to sole
wheat, which was decreased by 23 %. These results
could be attributed to plant density of intercropped
wheat plants of cropping systems CS; and CS, reached
60 and 80% of sole wheat, respectively, which,
increased grain yield by 21 % in the combined data
across the three growing seasons (P <0.05).

With regard to pea crop, seed yield was significantly
affected by the cropping systems in the combined data
of the three seasons (Table 4). Seed vyield was
significantly increased by decreasing wheat plant
density from 80 to 60 % of sole wheat. These data may
be due to intercropping pea with five rows of wheat

affected negatively the ability of pea plants to intercept
more solar radiation, compared to the other cropping
system. It is important to mention that number of wheat
rows per unit area could be related to the proportion of
solar radiation that reaches pea plants by the distance
between the two species during growth and
development of pea plants.

3.2 Yields of winter crops

Table 4: Effect of wheat/peas intercropping and N fertilizer type and their interaction on wheat grain yield and its
attributes and seed yield of peas, combined data across the three winter seasons (2010, 2011 and 2012)

Treatments N. type Plant height  Spike length 1000-grain  Wheat grain Peas seed
(cm) (cm) mass (g) yield/ha (1) yield/ha (1)
Urea 94.12 11.64 40.42 5.32 1.19
CS; UF 95.31 11.79 41.05 5.90 1.15
Average 94.71 11.71 40.73 5.61 1.17
Urea 92.06 11.43 40.17 6.49 1.22
CS, UF 93.63 11.60 40.83 7.04 1.26
Average 92.84 11.51 40.50 6.76 1.24
Average of Urea 93.09 11.53 40.29 5.90 1.20
intercropping UF 94.47 11.69 40.94 6.47 1.20
Average 93.78 11.61 40.61 6.18 1.20
Urea 95.66 11.20 38.89 7.81 2.23
Sole culture UF 97.11 11.36 39.31 8.30 2.30
Average 96.38 11.28 39.10 8.05 2.26
Average of N Urea 93.94 11.42 39.82 6.54 1.54
fertilizer UF 95.35 11.58 40.39 7.08 1.57
LSDy 05 Cropping systems 1.69 0.18 0.17 1.05 0.61
LSDy 05 N fertilizer type 1.12 0.14 0.14 0.47 N.S.
LSDy g5 Interaction 2.63 N.S. 0.25 1.19 0.75
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3.2.2 N fertilizer type

Wheat yield and its attributes were significantly affected
by N fertilizer type, where it had higher values under
urea form (Table 4). El-Kramany (2001) indicated that
slow release of N fertilizer gave the highest 1000-grain
mass and grain vyield of wheat per unit area.
Furthermore, the long growing season of wheat caused
great benefits from urea form than urea in the winter
season. Nass and Reiser (1975) stated that urea form
might facilitate the tillering ability of the plants,
resulting in greater spike population than urea. Similar
results were observed by Abdel-Wahab and El
Manzlawy (2016) who reported that wheat plants with
the application of urea form had higher values of wheat
yield and its attributes.

With respect to pea crop, seed yield of peas was not
affected by N fertilizer type (Table 3) as a result of
being leguminous crop. Similar results were obtained by
Sheha et al. (2015) who indicated that intercropped pea
yield was not affected by mineral N fertilizer rates of
wheat.
3.2.3 Interaction between cropping systems and N
fertilizer type

All the studied traits of wheat were significantly
affected by the interaction between cropping systems
and N fertilizer type (P < 0.05), except spike length
(Table 4).

2

With respect to pea crop, seed yield of pea was
significantly affected by the interaction between
intercropping systems and the interaction between
intercropping systems and N fertilizer type (Table 4).
Intercropping peas with three rows of wheat, which
received urea form recorded the highest seed yield
(P <0.05). Rhizobia activity might be affected
positively by application of urea form as ordinary
fertilizer during the early growth stages of peas
(Braunwart et al., 2001). These results showed that each
of these two factors act dependently on seed yield of
peas meaning that cropping systems responded
differently to N fertilizer type for seed yield of pea
(P <0.05).

3.3 Competitive relationships
3.3.1 Land Equivalent Ratio (LER)

The values of LER were estimated using data of
recommended solid cultures of both crops. For the
summer crops, intercropping cowpea with sunflower
increased LER as compared to sole cultures of both
crops in the combined data of the three seasons (Figure
2). It ranged from 1.47 when intercropping two rows of
cowpea plants with sunflower under urea as ordinary
fertilizer to 1.72 when intercropping three rows of
cowpea with sunflower under urea or urea form.
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Figure 2: Land equivalent ratio (LER) as affected by intercropping culture, N fertilizer type and their interaction,
combined data across the three seasons (2010, 2011 and 2012)

The advantage of the highest LER by intercropping
three rows of cowpea with sunflower with the
application of urea or urea form could decreased inter-
specific competition between the two species for basic

growth resources, especially soil N. Obviously,
increasing plant density of intercropped cowpea
increased relative yield of cowpea. Consequently, LER
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depended on plant density of intercropped cowpea with
regardless to N fertilizer type.

For the winter crops, intercropping peas with wheat
increased LER, compared to sole cultures of both crops
in the combined data of the three seasons (Figure 2). It
ranged from 1.21 by intercropping peas with three rows
of wheat plants with urea application as ordinary
fertilizer to 1.46 by intercropping peas with five rows of
wheat, which received urea form as slow release
fertilizer. These results implied that LER depended on

plant density of wheat with urea form under

intercropping conditions.

3.3.2 Aggressivity

For the summer crops, the results indicate that the value
of aggressivity of sunflower was positive for all
treatments, while the values of aggressivity was
negative for all intercropped cowpea with sunflower
plants in the combined data of the three seasons (Table
5).

Table 5: Aggressivity as affected by intercropping culture, N fertilizer type and their interaction, combined data

across the three seasons (2010, 2011 and 2012)

Treatments N. type
CS; Urea
UF
CS, Urea
UF
CS; Urea
UF
CS, Urea
UF

Agg+ Agg
+0.05 -0.05
+0.08 -0.08
+0.03 -0.03
+0.03 -0.03
+0.83 -0.83
+1.00 -1.00
+0.45 -0.45
+0.52 -0.52

These results showed that sunflower and cowpea plants
are dominant and dominated components, respectively.
In general, the interaction between CS; and CS,,
regardless to N fertilizer type tended to be having
convergent values of the aggressivity. Accordingly,
these results reveal that short growth duration of the
intercrops played a major role in decreasing competitive
pressure between them during the summer season.

For the winter crops, the results indicate that the value
of aggressivity of wheat was positive for all the
treatments, while, the values of aggressivity was
negative for all intercropped peas with wheat plants in

the combined data (Table 5). These data show that
wheat and pea plants are dominant and dominated
components, respectively. The highest negative values
were obtained by intercropping peas with three rows of
wheat which received urea form. Generally, there were
wide range between aggressivity values of the
interaction between cropping systems and N fertilizer
type. These results reveal that number of wheat plants
per unit area with regard to N fertilizer type seems to be
determined competitive pressure between the intercrops
during the winter season. Cereals were known to be
more competitive for soil inorganic N than legumes at
the beginning of crop growth (Naudin et al., 2010).

4 CONCLUSION

Our results revealed that diversified cropping system,
namely cowpea intercropped with sunflower and wheat
intercropped pea can have significant environmental
benefits over the years. Slow release urea form has

many beneficial effects over urea. Thus, the studied
intercropping systems could be recommended to
farmers due to its beneficial returns.
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