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TWO FIELD experiments were carried out at Zarzoura, Itay El-Baroud, Agricultural 
Research Station, El-Behaira Governorate, Agricultural Research Center (ARC), Egypt 

during 2014 and 2015 seasons to study the effects of three nitrogen fertilizer levels on yield 
and yield components under two intercropping soybean/maize patterns. The results indicated 
that, the highest ear length, ear diameter, No. of rows per ear, grain yield per ear (for maize), 
seed yield per fad (for soybean) and the better (the lowest) competitive ratio values were found 
with treatment intercropping patterns 2 maize: 4 soybean (CP2). While the highest grain yield 
per fad (for maize), No. of pods per plant, seed yield per plant (for soybean), total LER (land 
equivalent ratio), the percentage land saved, total AYL (actual yield loss) and WUE (water use 
efficiency) values were occurred under intercropping patterns 2 maize: 2 soybean (CP1).

Moreover, plant height, ear length, No. of grains per row, grain yield per fad, ear height, ear 
diameter, No. of rows per ear, grain yield per ear,100- grains weight (for maize), plant height, 
No. of branches per plant, No. of pods per plant, seed yield per plant and per fad (for soybean), 
total LER, the percentage land saved, total AYL, aggressivity and WUE values were increased 
with the increment in nitrogen level, and the highest values were obtained with 120 kg/fad, 
while the lowest values were obtained with 80 kg/fad. On the other hand, No. of seeds per pod 
and 100 seed weight for soybean had a negative relationship with the level of nitrogen applied 
and its highest values were obtained with 80 kg/fad.
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Introduction                                                            

Sustainable agriculture is a type of agriculture that 
is aiming to increase the efficiency of resources 
utilization, provide needs of people today and for 
future generations, restore diversity to agricultural 
ecosystems and accomplish balance with the 
environment through its effective management 
(Mousavi & Eskandari, 2011). Intercropping 
is a way to increase diversity in the agricultural 
ecosystem, which is the combination between 
two or more crops in the same field and growing 
season (Fathi, 2014). Intercropping is considered 
an example of sustainable agricultural systems 
that contribute in achieving ecological balance, 
more utilization of available growth resources 
such as nutrients, water, and light, increase the 
productivity per unit of land and reduce yield 
damage by pests, diseases and weeds (Brooker et 
al., 2015). Consequently, the yields of intercrops 

may exceed the yield sum of the corresponding 
sole crops. (Miyazawa et al., 2010). The majority 
of intercropping systems mostly involve legume/
cereal combinations due to its interspecific 
facilitation or complementarity (Loreau et al., 
2001).

Many studies were conducted to evaluate 
the productivity of maize/soybean intercropping 
systems, for example, Waktola et al. (2014) 
reported that, the productivity of maize-soybean 
intercropping showed a higher relative yield 
advantage over sole cropping. Also, Sani et al. 
(2014) found that, the corn yield was higher 
in intercropping than monoculture crops. In 
addition, maize based intercropping system with 
legume helps in improving soil health as well as 
yield crop (Beedy et al., 2010).

Maize plant development is strongly 
dependent on the abundant of soil nitrogen and 
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nitrogen use efficiency for biomass production 
and yield (Sonnewald, 2012). On the other hand, 
soybean is considered a legume plant, which 
has the ability to fix atmospheric nitrogen when 
properly nodulated, and so is less dependent for 
growth on sources of nitrogen from the soil. (Flynn 
& Idowu, 2015).

Therefore, keeping in view the above mentioned 
aspects, the objective of this investigation was to 
study the effect of two different patterns of maize/
soybean intercropping on yield and its components 
under three nitrogen fertilizer levels.

Materials and Methods                                           

The present investigation was carried out 
in the experimental farm of Zarzoura, Itay El-
Baroud, Agricultural Research Station, El-
Behaira Governorate, Agricultural Research 
Center (ARC), during the two successive growing 
summer seasons 2014 and 2015 to study the effects 
of three nitrogen fertilizer levels on yield and yield 
components under two intercropping soybean/
maize patterns and on water use efficiency under 
solid and intercropping patterns.

Soil properties and meteorological records of 
the experiment site, are Tabulated in Tables 1 and 
2, respectively.

The used hybrid maize was (white single 
cross S.C. 122) while, the used soybean cultivar 
was (Giza 111). 

The experimental treatments were arranged 
in a split plot design with three replicates, two 
cropping patterns (CP) were randomly allocated 
in the main plots:

(CP1)= Two rows of maize: Two rows of 
soybean. (This pattern was expressed as 100% 
maize + 50 % soybean).

(CP2)= Two rows of maize: Four rows of 
soybean. (This pattern was expressed as 66.66% 
maize + 66.66% soybean).

The sub-plots were randomly assigned by 
three nitrogen fertilizer levels 
(N1)= 80 Nitrogen units (kg) per fad (4200     m2)
(N2)= 100 Nitrogen units (kg) per fad (4200 m2)
(N3)= 120 Nitrogen units (kg) per fad (4200 m2)

These nitrogen fertilizer levels were 
determined to cover the requirements of maize 

crop, trying to exploit the ability of soybean 
plants to fix the atmospheric nitrogen, expecting 
that, the residues of the applied nitrogen will 
act as an activator dose to the nodules on the 
roots of soybean plants. Moreover, a sufficient 
amount of a bio-fertilizer containing N2 fixing 
bacteria (Bradyrhizobia japonicum) was 
applied to soybean seeds before sowing directly 
and success of nodulation was assessed after 
30 days from sowing by counting more than 
ten healthy nodules per root. On the other hand, 
the nitrogen fertilizer was added in the form of 
urea (46% N) in two doses, the first half was 
added before the first irrigation and the second 
half was added before the second irrigation.

The preceding crop was wheat in both 
seasons; the intercropping patterns were sown 
at 2nd and 1st of June 2014/15, respectively. 
Each sub-plot (42 m2) included 10 ridges, 
each ridge was 7 m long and 0.6 m wide (4.2 
m2). Sowing of maize grains was only on the 
southern side of ridges and its plants were 
thinned to two plants/hill in the intercropping 
patterns with distance of 30 cm between hills. 
However, sowing of soybean seeds was on 
both sides of ridges and its plants were thinned 
to 2 plants/hill with distance of 20 cm between 
hills. All another cultural practices for maize 
and soybean production were undertaken as 
recommended.

Sowing of the solid crops was at the 
same time of intercropping patterns, with the 
recommended density (23000 and 140.000 
plants/fad for maize and soybean, respectively), 
and also fertilized with the recommended 
doses of the nitrogen for each crop (120 and 
25 Nitrogen units/fad for maize and soybean, 
respectively).

Surface irrigation was applied five times 
using a hose with flow rate of 105 liter per 
minute. The first irrigation (after planting 
irrigation) was applied on 30th and 25th June in 
2014 and 2015 growing seasons, respectively, 
then irrigation sequence every 15 days.

Both crops were harvested manually at full 
maturity in 30th September and 15th October 
in both seasons, for maize and soybean, 
respectively. 
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At harvest time the following traits were 
estimated: 

Maize yield and its components:
1- Plant height (cm) 
2- Ear height (cm). 
3- Ear length (cm).
4- Ear diameter (cm).
5- No. of grains/row.
6- No. of rows/ear.
7- 100- grain weight (g). 
8- Grain yield/ear (g). 
9- Grain yield/fad (ardab). 

Soybean yield and its components: 
1- Plant height (cm).
2- No.of branches/plant.
3- No.of pods/plant.
4- No.of seeds/pod.
5- 100-seed weight (g). 
6- Seed yield/plant (g). 
7- Seed yield/fad (kg).

Evaluation of intercropping pattern (competition 
characters)

Land equivalent ratio (LER)
The ratio of area need under solid cropping 

to that of intercropping at the same management 
level to produce an equivalent yield, according to 
Mead & Willey (1980):

LER = (Yab/Yaa) + (Yba/Ybb)
where, Yaa and Ybb are the solid crop yields of 
crops a and b, respectively, Yab is the intercrop 
yield of crop a, and Yba is the intercrop yield of 
crop b.

The percentage land saved
Land saved calculations was another index 

used to assess the advantage of the intercropping 
system. It indicates the amount of land saved 
from intercropping, that could be used for other 
agricultural purposes. Land saved was calculated 
according to Willey (1985): 

Land saved (%) = 1001100 X
LER

−

Water use efficiency (WUE)
Water use efficiency values as kg (grain 

or seeds) m-3 of applied irrigation water were 
calculated for different treatments after harvest 
according to Jensen (1983):

Aggressivity (A)
Aggressivity is another index that is often 

used to indicate how much the relative yield 
increase in ‘a’ crop is greater than that of ‘b’ crop 
in an intercropping system. The aggressivity was 
formulated according to Dhima et al. (2007): 
Amaize = (Yab / Ya × Zab) – (Yba / Yb × Zba)
Asoybean = (Yba / Yb × Zba) – (Yab / Ya × Zab)

If Amaize = 0, both crops are equally competitive, 
if Amaize is positive, then the maize is dominant,
 if Amaize is negative, then the maize is subordinate.

Competitive ratio (CR)
Competitive ratio indicates the number of 

times by which one component crop is more 
competitive than the other. Relative species 
competition is often evaluated using competitive 
ratios (Putnam et al., 1984).
CRmaize = (LERmaize / LERsoybean)( Zba / Zab)
CRsoybean = (LERsoybean / LERmaize)( Zab / Zba)
where, Zba is the sown proportion of soybean 
in the maize/soybean intercrop and Zab is the 
sown proportion of maize in the maize/soybean 
intercrop.

Actual yield loss (AYL)
The AYL is the proportionate yield loss or 

gain of intercrops in comparison to the respective 
solid crop; it takes into account the actual sown 
proportion of the component crops with its sole 
stand. The AYL was calculated according to 
Banik (1996):
AYL = AYL maize + AYLsoybeanwhere 
AYLmaize = ((Yab / Zab) / (Yaa/ Zaa) ) - 1, and
AYLsoybean = ((Yba / Zba)/ (Ybb / Zbb) ) - 1
where Zab and Zba represent the sown proportion 
of intercrop maize with soybean, and soybean 
with maize, respectively.

Crop equivalent yields (CEY) and Farmer's 
benefit

Crop equivalent yields (CEY)
The CEY is the yields of different intercrops/

crops after converted into equivalent yield of any 
one crop based on price of the product. The CEY 
was calculated according to Verma & Modgel 
(1983)
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CEY= Cy+ (C1y X Pc1/Pc)
where, Cy is the yield of the main crop, the yield of 
other crops converted to its equivalent and Pc is its 
respective price; C1y is the yield of intercrop/other 
crop which is to be converted to equivalent of main 
crop yield and Pc1 is its respective price.

Farmer's benefit
Farmer's benefit (L.E) was calculated as 

a difference between total net returns from 
intercropping and solid crops.Maize and soybean 
seeds prices presented by Bulletin of Statistical Cost 
Production and Net Return were used (the price of 
maize grains was 300 L.E/ardab and 4000 L.E/
ton for soybean). Total returns were calculated by 
summing the price of maize yield and the price of 
soybean yield, whereas, net returns were calculated 
by subtraction the sum of fixed costs of maize plus 
variable costs of soybean according to intercropping 
pattern.

Statistical analysis
Using Michigan State University Computer 

Statistical Package (MSTATC), the analysis of 
variance was used for the two experiments according 
to Snedecor & Cochran (1982), the least significant 
difference (L. S. D) test at 0.05 and 0.01 levels of 
significance was used to indicate mean comparison 
of the three nitrogen fertilizer levels.
Results and Discussion                                          

Maize
Effect of intercropping patterns on yield and yield 

components of maize 
Data presented in Table 3 showed no significant 

differences between the two intercropping patterns for 
plant height, ear height and 100 grain weight in both 
seasons. However, differences were only significant 
for ear length, ear diameter and no. of rows per ear 
only in the second season as well as for grain yield per 
ear only in the first one. 

On the other hand, differences between the two 
intercropping patterns were highly significant for no. 
of grains per row in the first season, while it was only 
significant in the second one. Also, differences were 
significant for grain yield per fad in both seasons. 

Results in Table 3 cleared that, intercropping 
patterns 2 maize: 4 soybean (CP2) had significant 
increase in all above mentioned significant characters 
except grain yield per fad, which recorded the highest 
value with intercropping pattern 2 maize: 2 soybean 
(CP1). This may be due to its highest plant density 
compared to the other intercropping pattern. Solid 

maize recorded the higher grain yield per fad (24.82 
and 25.79), compared with intercropped mean (17.10 
and 19.55) in both seasons, respectively.

Similar results were found by Matusso (2014), 
Undie et al. (2012) and Muoneke et al. (2007) who 
did not find any significant differences in terms of 
plant height and ear height among the intercropping 
patterns. Similarly, Thobatsi (2009) found that maize 
intercropped with cowpea did not have any effect on 
plant and ear height of maize. 

In addition,  Abou-Elela et al. (2012) and Metwally  
et al. (2009)  noted that, cropping system 2 maize: 2 
soybean had significant increments in grain yield 
per fad, while cropping system 2 maize: 4 soybean 
recorded the highest significant values for grain yield 
per ear in both seasons. 

Effect of nitrogen fertilization levels on growth yield 
and yield components of maize

Data in Table 3 indicated that yield and yield 
components of maize were increased by increasing nitrogen 
fertilizer levels. Differences among the three nitrogen 
fertilizer levels were only significant in the first season and 
highly significant in the other one for plant height, Ear length, 
No. of grains per row and grain yield per fad.. However 
differences were highly significant for ear height, ear 
diameter, No. of rows per ear and grain yield per ear in both 
seasons. On the other hand, these differences didn’t reach 
to the 5% level of significance in the first season and were 
only significant in the second one for 100- grains weight. It 
is obvious that, raising the level of nitrogen up to 120 kg/fad 
exhibited a positive effect on maize yield components. This 
trend may be due to the vital role of nitrogen in increasing 
protoplasm formation in plant cells, photosynthesis activity, 
cell division, meristematic activity in plant organs and 
consequently increment in area and number of leaves per 
plant especially when it acts as a catalyst for other nutrients. 
Similar results were reported by  Metwally et al. (2005) and 
Gadallah & Gabra (2015) where they reported that, plant 
height, ear diameter, ear length, number of grains/row, 
ear grains weight and grain yield per fad of maize were 
increased by increasing nitrogen fertilizer levels from 90 to 
120 kg N/fad. Also, Fathi (2014) concluded that, Nitrogen 
fertilizer application significantly increased the grain yields 
and above-ground biomass of maize at all rates of nitrogen 
application (30, 60 and 120 kg/fad) and the highest grain 
yield was recorded in maize+soybean intercropping with 
entire recommended rate of mineral nitrogen application. 
In addition, Sadeghi & Kazemeini (2012), revealed that, 
increasing the nitrogen fertilizer level increased leaf area, 
plant height and dry weight of maize under different maize-
bean intercropping patterns.
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Soybean 
Effect of intercropping patterns on yield and 

yield components of soybean
Data presented in Table 4 showed no significant 

differences between the two intercropping patterns 
for plant height, no. of branches per plant, No. of 
seeds per pod and 100 seed weight in both seasons. 
However, differences were only significant for seed 
yield per plant in the first season only and didn’t 
reach to the 5% level of significance in the second 
one. On the contrary, differences between these 
two intercropping patterns were highly significant 
for No. of pods per plant and seed yield per fad in 
both seasons.

It is obvious that, intercropping pattern 2 maize: 
4 soybean (CP2) had highly significant increment 
in seed yield per fad in both seasons comparing 
with intercropping pattern 2 maize: 2 soybean 
(CP1). These results may be due to the lower 
soybean plants density/fad under (CP1) compared 
with (CP2). On the other hand, the values of No. 
of pods per plant in both seasons and seed yield 
per plant in the first one were significantly higher 
under (CP1) than its under (CP2), which may be 
due to the lower level of intra competition among 
soybean plants under (CP1). These data are in 
agreements with those obtained by Abou-Elela et al 
(2012) where they found that, intercropping pattern 
2 maize: 4 soybean had significant increments 
in seed yield per fad in both seasons compared 
with (1 maize: 2 rows soybean and 2 maize: 2 
soybean) patterns. In addition Gadallah & Gabra 
(2015) reported that, seed yield per fad of soybean 
increased by increasing plant density from 25% to 
75% of solid under intercropping pattern.

Also, data in Table 4 cleared that, solid soybean 
planting had higher values of plant height, No of 
branches per plant and seed yield per fad than those 
under intercropping patterns in both seasons. These 
noticed reductions could be due to the inter-specific 
competition between the intercrop components for 
water, light, air and nutrients, and also depressive 
effect of maize, a C4 species, on soybean, a 
C3 crop (Egbe, 2010 and Hussain et al., 2013). 
Also shading by the taller maize plants under the 
intercropping patterns. This shading could reduce 
the photosynthetic rate of the lower growing plants 
and thereby reduce their yields as reported by 
Zhuang & Yu-Bi (2013) and Polthanee & Trelo-ges 
(2003).

Effect of nitrogen fertilization levels on growth 
yield and yield components of soybean

Data presented in Table 4 referred that, 
differences among the three nitrogen fertilizer 
levels were highly significant in both seasons for 
all studied traits except No. of seeds per pod, where 
it was only significant in the first season and didn’t 
reach to the level of significance in the second 
one. It could be concluded that, in both seasons, 
increasing the nitrogen fertilizer levels from 80 
up to 120 kg/fad highly significant increased all 
studied characters of soybean except No. of seeds 
per pod and 100 seed weight which had a negative 
relationship with the level of nitrogen applied. These 
results could be due to that, nitrogen is an important 
constituent of protein and protoplasm, enhanced 
formation in plant cells, photosynthesis activity, cell 
division, meristematic activity in plant organs and 
activate the vegetative growth of plants which finally 
led to increase in plant height and other mentioned 
traits. Similar results were observed by Undie et al 
(2010) and Gadallah & Gabra (2015), where they 
noted that, increasing nitrogen levels from 90 to 120 
kg/fad significantly increased all soybean studied 
characters under different intercropping patterns.

Evaluation of intercropping pattern (competition 
characters)
Effect of intercropping patterns and nitrogen 
fertilization levels on land equivalent ratio (LER) 
and the percentage land saved.

Data in Table 5 showed that, in both seasons, 
intercropping patterns increased LER and recorded 
yield advantages as compared to solid plantings of 
maize and soybean.

The land equivalent ratio (LER) is the relative 
area of a solid crop required to produce the yield 
achieved by intercropping. According to Jabbar et 
al. (2009) when LER value is equivalent to one, it 
implies that there is no yield advantage, but when 
LER is more than one, it means that, there is a yield 
advantage. Data cleared that, LER values were 
greater than one in both intercropping patterns and 
the range of yield advantage over solid cropping 
was between 39 and 45% in the first season and 
about 46% in the second one. These results are in the 
same line with these obtained by Abou-Elela et al. 
(2012), El-Sherif & Ali (2015) as well as Gadallah 
& Gabra (2015), when they noted that, in general, 
intercropping patterns increased LER values and 
recorded yield advantages when compared with 
solid plantings of maize and soybean.
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In both seasons, the reduction of partial LER 
values of soybean crop was greater than obtained 
from maize crop under the intercropping pattern 
2 maize: 2 soybean (CP1), while these reduction 
values of maize crop was greater than soybean crop 
under the intercropping pattern 2 maize: 4 soybean 
(CP2) which attributed to excess density of 
soybean plants under (CP2), and this data direction 
caused insignificant variation between the two 
intercropping patterns regarding to the total LER 
as well as the percentage land saved.

In both seasons, the total LER under the three 
nitrogen fertilizer levels were greater than one, 
indicating that the three nitrogen fertilizer levels 
had a yield advantage and saved land use.

The differences among the three nitrogen 
fertilizer levels regarding to the total LER and 
the percentage land saved were highly significant 
in both seasons (Table 5). The highest level of 
nitrogen (120 kg/fad) recorded the highest values of 
total LER and the percentage land saved followed 
by the level of (100 kg N/fad), whereas the lowest 
level of nitrogen recorded the lowest values. These 
results are in agreement with those of Sadeghi & 
Kazemeini (2012), Gadallah & Gabra (2015) and 
Sebetha (2015) who mentioned that, the highest 
total land equivalent ratio (LER) for both crops 
was found under the highest nitrogen fertilizer 
application.

Effect of intercropping patterns and nitrogen 
fertilization levels on competitive ratio (CR), actual 
yield loss (AYL) and aggressivity (A)

Data in Table 5 showed that, the variations 
between the two intercropping patterns regarding 
to total competitive ratio (CR) and total AYL were 
significant only in the second season, while it 
didn’t reach to the level of significance in the first 
one. The better (the lowest) competitive ratio (CR) 
was found for the intercropping pattern 2 maize: 
4 soybean (CP2). Worthy to note that, in both 
seasons, all values of total CR were greater than 
1, suggesting that, under both patterns, competition 
between maize and soybean were so severe. 

Worthy to mention that, values for competitive 
ratios for soybean were higher than maize values 
which revealed that, soybean was more competitive 
than maize, contradictory results were reported by 
Abou-Elela et al. (2012)

AYL maize had negative values. In the first 
season, there was a 21% and 10% decrease in yield 

of maize under the CP1 and CP2, respectively, 
while there were 26% and 20% decreases in yield 
of maize under the CP1 and CP2, respectively in 
the second one. On the other hand, AYL soybean 
had positive values. In the first season, there were 
34% and 20% increases in yield of soybean under 
the CP1 and CP2, respectively, while there was a 
33% and 16% increase in yield of soybean under 
the CP1 and CP2, respectively in the second one. 
In addition, the highest values of total AYL were 
recorded under the CP1 in both seasons.

The effect of the nitrogen fertilizer levels on 
total AYL was highly significant in both seasons, 
whereas the highest nitrogen fertilizer level (120 
kg/fad) recorded the highest values of total AYL in 
both seasons.

Regarding to aggressivity (A), the differences 
between the two intercropping patterns were 
only significant in the first season, while it were 
insignificant in the second one. Under both 
intercropping patterns, positive Asoybean values 
showed that, soybean was the dominant specie over 
maize which had negative A values and considered 
the subordinate specie. 

The effect of the nitrogen fertilizer levels on 
aggressivity was insignificant in the first season 
and highly significant in the second one, whereas 
the highest nitrogen fertilizer level (120 kg/fad) 
recorded the highest values of aggressivity.

Worthy to mention that, the dominant behavior 
of soybean having competitive ratios values higher 
than maize, confirmed with positive AYLsoybean and 
positive Asoybean values in case of intercropping with 
maize considered interesting data trend. This data 
counterfactual trend was due to that, maize was 
sown in hills spaced 30 cm and plants were thinned 
to two plants per hill in the intercropping treatments 
which is considered duplicate number of plants in 
hills compared with solid maize. This duplicate 
density in each hill caused a reductive activity 
of maize roots in all soil layers and significantly 
decreased dry weights of shallow roots, resulting 
in lower root biomass and consequently lower 
competitive ability for maize with soybean 
especially below-ground competition (Jiang et 
al., 2013). However, Lv et al. (2014) showed a 
greater contribution to intercrop advantages from 
below-ground interactions than above-ground 
interactions and reported that, competition for 
nutrients was more importance than competition 
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for sunlight, confirming the importance of below-
ground competition. In addition, Caratti et al. 
(2016), mentioned that, under maize/soybean 
intercropping systems, when the root system was 
separated, preventing the competition for soil 
resources, the soybean productivity was similar 
to the monoculture productivity, which appeared 
as a highly competitive ability for soybean which 
had been sown with the optimum density in either 
intercropping or in solid soybean.

Effect of intercropping patterns and nitrogen 
fertilization levels on water use efficiency:

Data presented in Table 5 demonstrate that, 
WUE under the intercropping patterns tended 
to decrease with decreasing the proportions of 
intercropped maize due to the increment of grain 
yield of maize as a C4 plant compared with seed 
yield of soybean as a C3 plant, which increases 
the WUE values of maize crop comparing with 
those of soybean, as a result, WUE values under 
the CP1 were higher than those under CP2 and 
the differences were significant in the first season 
and didn’t reach to the level of significance in the 
second one. Worthy to mention that, the solid maize 
had the highest WUE while the solid soybean had 
the lowest ones, in both seasons. The same trend 
was observed by El-Sherif & Ali (2015), who 
reported that the WUE values of maize were higher 
than those of soybean due to increase grain yield 
of maize compared with seed yield of soybean.  
Also, Yuan et al. (2017), stated that, WUE under 
the intercropping arrangements decreased by the 
presence of soybean and the monocrop of maize 
had the highest WUE, while the monocrop of 
soybean had the lowest WUE.

Data cleared that, WUE was affected by the 
levels of nitrogen fertilizer and the differences 
among the three levels were highly significant 
in both seasons. It is obvious that, increasing the 
nitrogen fertilizer level increased significantly 
WUE and the highest values of WUE were recorded 
under the highest level of nitrogen (120 kg/fad) and 
vise versa. These results were in alignment with 
our expectations considering that, raising the level 
of nitrogen increased maize and soybean yields 
and consequently enhanced WUE. Similar results 
were found by Bushong et al. (2014), who reported 
that, applying sufficient nitrogen fertilizer is most 
beneficial to grain yield and consequently WUE.

Crop (maize) equivalent yield (CEY) and farmer’s 
benefit

As indicated in Table 6, the maize equivalent 

yield, total and net returns were higher under 
intercropping compared with solid maize cropping, 
meaning that, intercropping soybean with maize 
was more profitable to farmers than solid maize 
cropping, whereas the highest maize equivalent 
yield, total and net returns were obtained from the 
intercropping pattern 2 maize: 2 soybean (CP1), 
in both seasons. These increases were mainly due 
to additional yield advantage of intercropping.
These findings are in the same trend with those 
obtained by Lamlom et al. (2015) and Abdel-
Wahab & Abd El-Rahman (2016), who reported 
that, intercropping gave higher total and net return 
over solid maize cropping.

With regards to nitrogen fertilizer levels; 
superiority of maize equivalent yield, total and 
net returns was noticed with the application of 
the highest nitrogen fertilizer level (120 kg/fad), 
followed by the nitrogen fertilizer level (100 kg/
fad). On the other hand, the lowest nitrogen fertilizer 
level (80 kg/fad) recorded the lowest values for these 
traits (Table 6). Similar results were recorded by (Naik 
et al., 2017). Worthy to note that, net returns under 
intercropping were lower than solid maize net returns 
under the lowest nitrogen fertilizer level (80 kg/fad), 
which means economic losses for framers.

Conclusion                                                              

From this investigation it could be recapitulated 
that, the highest grain yield per fad for maize, No. of 
pods per plant, seed yield per plant for soybean, land 
equivalent ratio (LER), the percentage land saved, 
total actual yield loss (AYL), water use efficiency 
(WUE), crop (maize) equivalent yields (CEY), total 
and net returns were found under intercropping pattern 
CP1 (2 rows of maize: 2 rows of soybean, expressed 
as 100% maize + 50 % soybean). While, the highest 
ear length, ear diameter, No. of rows/ear, grain yield/
ear for maize, seed yield/fad for soybean and the 
better (lowest) values for competitive characters were 
recorded from intercropping pattern CP2 (2 rows of 
maize: 4 rows of soybean, expressed as 66.66% maize 
+ 66.66% soybean). Moreover, increasing the nitrogen 
fertilizer level from 80 to 120 units per fad increased 
all previous mentioned characters significantly.

In conclusion, these results revealed that, 
between the two tested intercropping patterns, it 
is recommended to apply CP1 with 120 nitrogen 
units per fad that accomplishes the highest 
profitable for farmers.
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تأثيرنمطين تحميل لفول الصويا مع الذرة الشامية على المحصول ومكوناته تحت مستويات 
مختلفة من السماد النيتروجيني

عماد الدين أحمد رشوان و عاطف عبد الجليل مسعود زين الدين*
قسم المحاصيل – كلية الزراعة – جامعة طنطا –طنطا  و *قسم التكثيف المحصولي- معهد بحوث المحاصيل 

الحقلية - مركز البحوث الزراعية - الفاهره - مصر.

أقيمت  الغرض  هذا  ولتحقيق  المساحة  وحدة  أستغلال  كفاءة  لزيادة  الشامية  والذرة  الصويا  فول  تحميل  يؤدي 
تجربتان حقليتان في محطة بحوث زرزوره أيتاي البارود – محافظة البحيرة خلال موسمي 2014 و 2015  
لدراسة تأثير ثلاث مستويات من السماد النيتروجيني على صفات المحصول ومكوناته لمحصولي الذرة الشامية 
و فول الصويا المحملان تحت نمطين مختلفين من أنماط التحميل وكذلك على كفاءه استهلاك المياه للمحصولين 
تحت الزراعة المنفردة وتحت نمطي التحميل المستخدمين، وقد نفذت التجربة بتصميم القطع المنشقة مرة واحدة 
السماد  مستويات  وزعت  بينما   ، الرئيسية  القطع  في  عشوائياً  التحميل  نمطى  وزع  حيث  مكررات،  ثلاث  في 
النيتروجيني في القطع الشقية.وكان نمطي التحميل المستخدمين هما: نمط التحميل الأول (2 خط ذرة شامية : 
2 خط فول صويا) و نمط التحميل الثاني (2 خط ذرة شامية : 4 خط فول صويا) ، بينما كانت مستويات السماد 
النيتروجيني المستخدمة هي 80،100، 120 وحدة نيتروجين للفدان. وكان صنف الذرة الشامية المستخدم في 
هذه التجربة هجين فردي 122 في حين كان الصنف جيزة 111 هو صنف فول الصويا المستخدم، وعند زراعة 
نمطي التحميل كانت المسافة بين الخطوط 60 سم وتم زراعة نباتات الذرة الشامية في جورعلى مسافة 30 سم 
على الريشة القبلية، في حين تم زراعة نباتات فول الصويا في جور على الريشتين على مسافة 20 سم ، وتم الخف 

على نباتين في الجورة لكلا من الذرة الشامية وفول الصويا.

وقد أظهرت النتائج مايلي: أعلى قيم لصفات طول الكوز، قطر الكوز، عدد الصفوف على الكوز، محصول 
الحبوب للكوز( بالنسبة للذرة الشامية) و محصول البذرة للفدان (بالنسبة لفول الصويا) وأفضل (أدنى) قيم لنسبة 
التنافس تحققت تحت نمط التحميل الثاني (2 خط ذرة شامية : 4 خط فول صويا)، في حين أعلى قيم لصفات  
محصول الحبوب للفدان ( بالنسبة للذرة الشامية) و عدد القرون للنبات و محصول البذرة للنبات (بالنسبة لفول 
الصويا) و معدل أستغلال الأرض (LER) والنسبة المئوية للأرض المتوفرة و القيم الكلية للفقد الفعلي للمحصول 
الكلي  والعائد   (CEY) المكافيء  الذرة  محصول  وقيم   (WUE) المياه   أستخدام  كفاءة  وقيم   (Total AYL)

وصافي العائد تحققت تحت نمط التحميل الأول (2 خط ذرة شامية : 2 خط فول صويا).

علاوة على ذلك، أدى زيادة مستوى التسميد النيتروجيني من 80 وحدة أزوت إلى 120 وحدة ازوت للفدان 
إلى زيادة معنوية في صفات أرتفاع النبات و طول الكوز وعدد الحبوب في الصف ومحصول الحبوب للفدان 
(بالنسبة  حبة   100 ال  ووزن  للكوز  الحبوب  ومحصول  للكوز  الصفوف  الكوزوعدد  وقطر  الكوز  ارتفاع  و 
وللفدان  للنبات  البذرة  ومحصول  للنبات  القرون  وعدد  للنبات  الفروع  عدد  و  النبات  ارتفاع  و  الشامية)  للذرة 
(بالنسبة لفول الصويا) وكذلك معدل أستغلال الأرض (LER) والنسبة المئوية للأرض المتوفرة والفقد الفعلي 
(CEY) وقيم محصول الذرة المكافيء (WUE) والعدائية وكفاءة أستخدام المياه (Total AYL) للمحصول
والعائد الكلي وصافي العائد. في المقابل، أدت زيادة مستوى التسميد النيتروجيني إلى أنخفاض معنوي في صفتي 
عدد البذورللقرن ووزن ال100 بذرة (بالنسبة لفول الصويا) حيث تحققت أعلى قيم لهاتين الصفتين تحت مستوى 

تسميد 80 وحدة أزوت للفدان.


