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Abstract: Two field experiments were carried out during two successive summer seasons of  two year 2018 and 2019 
at Ismailia Agricultural Research Station, Agric. Research  Center (ARC) to study the effect of  intercropping patterns 
of forage millet (M) and guar (G) i.e. one row of forage millet for one row of guar (1M:1G), one row of forage millet 
for two row of guar (1M:2G), two rows of forage millet for one row of guar (2M:1G) and two rows of forage millet for 
two rows of guar (2M:2G), respectively. Sole crops of forage millet and guar were included as check treatment to 
compare yields of intercropped patterns. Three nitrogen levels (45, 60 and 75 kg N fad-1) were applied for each in plot. 
The intercropping pattern of (2 M: 1 G) gave the highest total fresh (32.48 and 27.91 ton fad-1) and dry (7.12 and 5.93 
ton fad-1) forage yields in the 1st and the 2nd seasons, respectively than all other intercropping patterns. Increasing the 
level of N from 45 to 75 kg N fad-1 gradually increased each of the fresh and dry forage yields of the three cuts as well 
as their totals for the two growing seasons. The contribution percentage of forage millet in dry yield for the three cuts of 
any intercropping system was high, whereas that of guar was low than the expected in both seasons. Also, the addition 
of to 75 kg N fad-1 gave the highest contribution rate of forage millet, while the contribution rate of guar was gradually 
decreased with each increase level, this is clear in the 1st cut in both seasons. The (2M:1G) intercropping pattern was 
exhibited higher LER, competitive indices values and economic compared to the other intercropping patterns. 
Generally, increasing nitrogen levels tremendously improved total LER, competitive indices values and economic 
especially for forage millet as major component of intercropping system. From  this study, it is inferred that 
intercropping of forage millet with guar at (2M:1G) planting pattern and fertilized with 75 kg N fad.-1 give higher 
income, better land use efficiency and thus enhanced sustainability of crop production than sole culture of each crop 
species. 
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INTRODUCTION 

There is need to meet the fodder demand of 
increasing number of livestock and also enhance their 
productivity from the meager land. Since human 
population is increasing at alarming rate, the per capita 
availability of land is also declining which leads more 
pressure on meager land to fulfill the food requirement 
of the larger masses. Hence, it is big challenge in front 
of us to utilize the meager land wisely with its fullest 
potential to produce the fodders to the animals. That 
could be achieved by adopting suitable cropping 
systems (Kumar et al., 2012). 

The intercropping system with forage crops 
provides potential alternative to overcome the fodder 
problem as it utilizes the resources more efficiently. It 
also provides the balanced diet to the animals due to 
inclusion of legume and cereal fodder crops together. 
Intercropping is the cultivation of two or more crops 
simultaneously on the same field, with row 
arrangement having different growth habits, canopy 
structure, rooting pattern and offering little or no 
mutual competition world (Iqbal et al., 2015). The 
morphological and physiological differences among 
intercrop components result in their ability to occupy 
different niches. Thus, environmental resources could 
be more efficiently utilized and converted to biomass 
by mixed stands of crops than by pure stands (Iqbal et 
al., 2017). Moreover, Reza et al. (2013) found that 
under intercropping system, the highest fresh and dry 

weight of sorghum fodder belonged to additive 
proportions of sorghum. Hassan (2003) showed that the 
contribution percentage maize in dry yield of any 
intercropping treatment was high, whereas that of 
cowpea was low than expected. Also, Oseni (2010) 
reported that the 2S:1C planting arrangement exhibited 
higher LER, competitive indices values and SPI 
compared to other planting arrangements and to sole 
crop. Lesoing and Francis (1999) reported that the 
intercropping systems, sorghum has been found to be 
the dominant crop and more competitive for applied 
farm resources than cluster bean. Furthermore, shading 
by sorghum affects the morphological development 
and forage quality of cluster bean when intercropped 
with sorghum.   

Nitrogen plays an important role in increasing 
forage production but, the cost of nitrogen fertilizers is 
very expensive; it becomes imperative to substitute 
nitrogen to some other cheaper sources, which may 
partially meet the nitrogen required by the crop. A 
useful method of the input of chemical fertilizers in 
agriculture and to control soil and water pollution may 
be represented by the use intercropping system 
(Hassan, 2017).  Increasing nitrogen to level of 160 kg 
per hectare resulted to the increase in yield for forage 
dry weight of sorghum, but there was no significant 
difference between the two treatments of 160 and 240 
kg nitrogen per hectare (Reza et al., 2012). Safari et al. 
(2014) stated that the different nitrogen levels 
significantly influenced the total fresh and dry matter 
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content of forage crops.  Also, Javanmard et al. (2014)  
studied that nitrogen consumption increased forage 
yield and cereal equivalent yield. Land equivalent 
ratio, relative crowding coefficient, aggressivity, 
competitive ratio and intercropping advantage in cereal 
was better than legume. Cereal had positive 
competitive indicate, but in legume was negative in 
study on barley and pea intercropping. Moreover, 
Muhammad et al. (2006) stated that high nitrogen level 
in maize intercropped with cowpea can affect 
photosynthesis resulted in a decrease in the cowpea's 
mass due to corn shading. This can weaken the 
cowpea's gesture, growth and competitiveness in these 
mixtures. Generally, maize was the dominant species 
in all mixtures. 

The objective of this study was to investigate the 
most appropriate intercropping pattern and better N 
level for producing the highest forage yield and land 
use efficiency as well as economic evaluation from the 
studied intercropping pattern. 
  

MATERIALS AND METHODS 

Site Description: 
Field experiments were conducted during the 

summer season of successive years (2018-2019) at 
Ismailia Agricultural Research Station (Sandy Soil), 
Agric. Research Center (ARC). Mechanical and 
chemical analyses of the experimental site area 
presented in Table (1). 

Experimental design: 
A split plot experimental design, with three 

replicates, was used to evaluate four planting 
intercropping patterns of forage millet (Pennisetum 
americanum (L.) K. S chum) c.v. Shandawil 1 and guar 
(Cyamopsis tetragonoloba L.) local c.v and three levels 
of N fertilizer. Main plots were assigned to tested the 
intercropping patterns while, the N levels fertilizer 
were tested in the subplots. 

Intercropping treatments: 
1- Sole of forage millet with a seeding rate 25 kg fad-1 

2- Sole of guar with a seeding rate 20 kg fad-1 

3- One row of forage millet alternated with one row of 
guar i.e. (1M:1G) intercropping patterns. 

4- One row of forage millet alternated with twos row 
of guar i.e. (1M:2G) intercropping patterns. 

5- Two rows of forage millet alternated with one row 
of guar i.e. (2M:1G) intercropping patterns. 

6- Two rows of forage millet alternated with two rows 
of guar i.e. (2M:2G) intercropping patterns. 

Nitrogen fertilization levels: 
1- 45 kg N fad-1 

2- 60 kg N fad-1 

3- 75 kg N fad-1 

Management and sampling: 
The experimental plots were sown on 17th and 

20th May in the year of 2018 and 2019, respectively. 
The plot size was 9 m2 consisted 12 rows each of 3.6 x 
2.5m. Nitrogen fertilizer was applied in the form of 
Ammonium Nitrate (33.5% N) at the different levels 
under study and divided into three equal doses. The 

first dose was added after 21 days from sowing, the 
second and the third doses were added after the first 
and the second cuts, respectively. Each of calcium 
superphosphate (15.5% P2O5) at the rate of 200 kg fad-1 
and potassium sulphate (48% K2O) at the rate of 50 kg 
fad-1 were applied before sowing. The preceding crop 
was wheat in both seasons. Three cuts were taken in 
both seasons, the first cut was after 56 days of planting 
and the following cuts were done 35 days intervals in 
both seasons. The other agronomic practices were done 
as recommended. At cutting time, plants of an area 4.5 
m2 were cut from the six inner rows to determine the 
following data:   

Fresh and dry forage yields fad-1 
Fresh forage yield for each sole crop as well as 

for both components in case of intercropping was 
determined. Samples of 250 g fresh forage were oven 
dried at 105ºC up to constant weight to estimate dry 
forage yield ton fad-1. Data for fresh and dry forage 
yields as (ton fad-1) (fad = faddan = 4200 m2).  

Botanical composition 
Calculate the contribution percentage of both 

components in the average of the combined intercrop 
dry forage yield for the three cuts of both seasons.  

Competitive indices  
The competitive behavior of component crops in 

different forage millet – guar planting patterns was 
determined in terms of land equivalent ratio, Land 
equivalent coefficient, relative crowding coefficient, 
aggressivity, competitive ratio and system productivity 
index.  

Land equivalent ratio (LER) 
This gives an indication to the relative land area 

sole cropping that is required, to produce the same 
yields achieved by intercropping. The value of unity is 
the critical value. When the LER is greater than one, 
the intercropping favors the growth and yield of the 
species. On another hand, when LER is lower than one 
the intercropping negatively affects the growth and 
yield of the plants grown in mixture. It was determined 
for forage millet and guar yield recorded per faddan 
according to the equation as follows:  

LER = (LEm) + (LE g) 

LE m = (Ymi / Ymm)           and             LE g = (Ygi / Ygg) 

Where Ymm and Ygg are the yields per faddan of forage 
millet and guar, respectively as sole crop. Ymi and Ygi 

are the yields of forage millet and guar, respectively as 
intercrops component (Mead and Willey, 1980). 
Land Equivalent Coefficient (LEC) 

A measure of interaction concerned with the 
strength of relationship was calculated thus, LEC = 
(LEm) × (LEg). Where LECm = partial LER of main 
crop and LECg = partial LER of intercrop (Aditiloye et 
al., 1983). For a two- crop mixture the minimum 
expected productivity Coefficient (PC) is 25% that is a 
yield advantage is obtained if LEC exceeds 0.25. 

Relative Crowding Coefficient (RCC)  

Which is a measure of the relative dominance of 
one species over the other in a mixture (Willey and 
Rao, 1980) was calculated as: K= (Km × K g)  
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Km = (Ymi × Zgm) / [(Ymm- Ymi) × Zmm] and Kg = (Ygi × 
Zmm) / [(Ygg - Ygi) × Zgm]  

Where Zmm and Zgm were the proportion of forage 
millet and guar in the mixture, respectively. The crop 
component that had a higher coefficient was said to be 
dominant. If the coefficient of a particular crop is less 
than, equal to or greater than 1, then that species has 
produced less yield, the same yield, or more than 
''expected'', respectively (Willey and Rao, 1980). 

Aggressivity (A): 

Is a measure of competitive relationships between 
two crops in mixed cropping (Willey, 1979). This was 
expressed according to Dhima el al. (2007) as follows:  
Am = (Ymi / Ymm × Zmm) – (Ygi /  Ygg × Zgm)    and    
Ag = (Ygi /  Ygg × Zgm) – (Ymi / Ymm × Zmm) 
Thus if Am = 0, both crops are equally competitive, if 
Ag is positive, then it is dominant and if Am is negative, 
then forage millet is weak. 

Competitive ratio (CR)  

Measures the ratio of individual LERm of the two 
component crops and the proportion in which they 
were sown in the mixture. This gives a more desirable 
competitive ability for the crops and is advantageous as 
an index over K (Dhima el al., 2007). The competitive 
ratio for forage millet and guar in mixture was 
calculated by the formula proposed by (Willey et al., 
1980) as follows: CRm = (LEm / LEg) (Zgm / Zmm) and 
CRg = (LEg / LEm) (Zmm / Zgm) System Productivity 
Index (SPI): 

Is calculated as SPI = (Ymm/ Ygg × Ygi) + Ymi 
(Odo, 1991).   

Where SPI = System productivity index, Ymm and Ygg 
= Mean yield of forage millet and guar in sole plots, 
Ymi and Ygi = yield of forage millet and guar in 
intercropping patterns. 

Economic Evaluation:  

The economic evaluation included the following 
three parameters: 
 Average of input variables and the total costs of 
intercropping patterns production including levels of N 
fertilizer and other culture practices applied during the 
growth stages of intercropping patterns (average  land 
rent is not included) 
 Net farm income of intercropping patterns for 
various N levels. 
 Net farm return intercropping patterns production 
as affected by applied treatments. It’s calculated as the 
difference between the forage yield value (according to 
the actual price) and the total costs. All fertilizers and 
seed prices and the costs of all farm operations are 
based on the official and the actual market prices 
determine by Egypt Ministry of Agriculture (Economic 
Reports, 2014). Total costs included values of 
production tools and requirements such as seeds, 
fertilizers, irrigation, man, power, machinery and other 
general or different costs without land rent average.  

Statistical analysis: 
The intercropping treatments, fertilizer 

applications as well as their interactions of were 
analyzed statistically using Fisher's analysis of variance 

technique and LSD test used to compare the treatments 
means at 0.05 probability level (Steel et al., 1997). 
 
Table (1): Mechanical and chemical analyses of the 

experimental soil sites during the two 
summer successive seasons of two year 
2018 and 2019 

Soil characteristics 
season 
2018 

Season 
2019 

Mechanical analysis 

Coarse sand % 74.00 72.50 

Fine sand % 19.50 19.65 

Silt % 2.45 3.50 

Clay % 3.45 4.35 

Texture Sandy Sandy 

Chemical analysis 

PH 7.86 7.90 

EC dS m-1 0.95 1.04 

Organic matter % 0.42 0.53 

Soluble cations (mmolic L-1)  

Ca2+ 4.30 4.39 

Mg2+ 1.82 1.90 

Na+ 2.43 2.51 

K+ 0.95 1.60 

Soluble anions (mmolic L-1)  

HCO3- 2.15 2.28 

CL- 2.65 2.75 

SO42- 4.70 5.37 

Available macro nutrients (ppm)  

N 18.21 21.32 

P 4.85 5.78 

K 63.45 73.20 

DTPA- extractable (mg kg-1)  

Fe 1.76 1.82 

Mn 1.44 1.45 

Zn 0.37 0.50 

 
RESULTS AND DISCUSSION 

Fresh and dry forage yields (t fad-1)  

The results presented in Table (2), indicate of that 
there were significant differences in the total fresh and 
dry forage yields among all intercropping patterns and 
each cut at first and second seasons. Forage millet as 
grasses gave higher fresh and dry forage yields 
compared with guar forage yields as legume for the 
total and three cuts individually in both seasons, that 
presumably due to the absent of competition from 
companion crop. Similar finding were reported by 
Poodineh et al. (2014). The highest values of total 
fresh and dry forage yields were produced by planting 
2M:1G (32.48 and 7.12 ton fad-1 in the first season) 
and (27.91 and 5.93 ton fad-1 in the second season), 
respectively compared with all another intercropping. 
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Table (2): Effect of intercropping pattern, nitrogen level and their interaction on fresh and dry forage yields of forage millet and guar 

Main effects and 
interactions 

Fresh forage yield (t fad-1) Dry forage yield (t fad-1) 

First season Second season First season Second season 

1st  cut 2nd cut 3rd cut Total 1st  cut 2nd cut 3rd cut Total 1st cut 2nd cut 3rd cut Total 1st cut 2nd cut 3rd cut Total 

Intercropping pattern (A)   
Forage millet sole (A1) 13.36 10.32 7.19 30.88 12.80 8.68 5.00 26.48 2.65 2.31 1.86 6.28 2.52 1.88 1.20 5.60 
Guar sole (A2) 6.20 4.22 1.49 11.92 4.84 3.82 1.81 10.48 0.87 0.63 0.24 1.75 0.90 0.67 0.34 1.91 
1: 1   Forage  millet/guar (A3) 12.41 7.98 4.85 25.24 12.75 7.32 4.13 24.21 2.43 1.96 1.31 5.71 2.34 1.64 0.94 4.93 
1 : 2  Forage  millet/guar (A4) 10.59 6.73 3.77 21.10 11.56 6.31 3.55 21.44 1.89 1.44 0.96 4.29 1.89 1.27 0.74 3.90 
2 : 1  Forage  millet/guar (A5) 15.11 10.77 6.59 32.48 14.18 8.93 4.79 27.91 2.94 2.40 1.77 7.12 2.77 1.99 1.18 5.93 
2 : 2  Forage  millet/guar (A6) 13.98 9.54 4.69 28.22 13.03 7.55 4.36 24.95 2.52 2.04 1.42 5.99 2.38 1.66 0.97 5.01 

LSD 0.05 1.09 0.95 0.77 4.07 1.03 0.84 0.38 2.63 0.33 0.26 0.20 0.58 0.31 0.31 0.18 0.82 

Nitrogen level (B)         
45 kg N fad-1 (B1) 9.94 6.61 4.02 20.58 9.64 5.24 3.28 18.17 1.86 1.36 0.95 4.18 1.81 1.04 0.72 3.58 
60 kg N fad-1 (B2) 12.24 8.70 4.96 25.91 11.85 7.38 4.04 23.27 2.24 1.96 1.30 5.51 2.13 1.64 0.92 4.69 
75 kg Nfad-1  (B3) 13.64 9.47 5.30 28.42 13.10 8.69 4.50 26.29 2.55 2.07 1.53 6.16 2.46 1.87 1.04 5.37 

LSD 0.05 0.63 0.66 0.51 1.69 0.70 0.37 0.14 1.47 0.10 0.12 0.09 0.18 0.08 0.07 0.03 0.33 

Interaction  
A1B1 10.63 7.3 5.56 23.49 10.93 6.31 4.28 21.52 2.26 1.83 1.47 5.56 2.28 1.34 1.00 4.63 
A1B2 14.27 11.12 7.2 32.59 12.89 9.16 5.06 27.12 2.65 2.53 1.9 7.08 2.51 1.97 1.21 5.70 
A1B3 15.17 12.55 8.82 36.55 14.58 10.56 5.65 30.80 3.06 2.58 2.22 7.87 2.77 2.33 1.38 6.48 
A2B1 5.97 3.81 1.4 11.19 3.45 2.91 1.66 8.02 0.79 0.50 0.17 1.47 0.78 0.56 0.30 1.65 
A2B2 6.01 4.23 1.49 11.73 5.02 4.24 1.88 11.15 0.90 0.67 0.27 1.85 0.93 0.70 0.35 1.99 
A2B3 6.62 4.64 1.58 12.84 6.05 4.32 1.8 12.27 0.92 0.73 0.29 1.95 0.99 0.73 0.36 2.09 
A3B1 10.34 6.63 3.84 20.82 11.2 5.52 3.29 20.01 2.05 1.53 1.01 4.60 2.07 1.18 0.75 4.00 
A3B2 13.31 7.91 4.94 26.17 12.97 7.31 4.13 24.41 2.47 2.15 1.36 5.98 2.30 1.73 0.96 5.00 
A3B3 13.58 9.39 5.76 28.74 14.08 9.14 4.96 28.2 2.76 2.20 1.58 6.54 2.65 2.02 1.11 5.79 
A4B1 9.37 5.61 3.5 18.48 9.66 4.94 2.97 17.58 1.55 0.89 0.73 3.17 1.45 0.77 0.59 2.82 
A4B2 10.36 7 3.91 21.28 12.08 5.93 3.64 21.66 1.93 1.68 0.99 4.60 1.94 1.43 0.76 4.14 
A4B3 12.05 7.60 3.92 23.58 12.94 8.08 4.06 25.09 2.19 1.74 1.17 5.10 2.26 1.62 0.86 4.75 
A5B1 11.99 8.50 5.68 26.19 12.11 6.56 3.86 22.54 2.36 1.79 1.28 5.44 2.38 1.36 0.91 4.65 
A5B2 15.35 11.87 6.86 34.09 14.56 9.50 5.02 29.08 2.95 2.52 1.81 7.28 2.65 2.09 1.22 5.97 
A5B3 17.98 11.94 7.24 37.17 15.88 10.72 5.51 32.11 3.52 2.90 2.22 8.64 3.27 2.51 1.40 7.19 
A6B1 11.37 7.82 4.16 23.35 10.50 5.21 3.61 19.33 2.13 1.62 1.08 4.83 1.89 1.05 0.77 3.72 
A6B2 14.13 10.09 5.40 29.63 13.56 8.12 4.54 26.23 2.57 2.22 1.48 6.28 2.44 1.91 1.00 5.36 
A6B3 16.46 10.72 4.51 31.69 15.04 9.32 4.94 29.31 2.87 2.28 1.70 6.86 2.79 2.02 1.13 5.95 

LSD 0.05 1.55 1.63 1.25 4.16 0.80 0.91 0.35 2.77 0.26 0.30 0.23 0.46 0.21 0.17 0.07 1.14 
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On the contrary, the lowest values of total fresh 
and dry forage yields (21.10 and 4.29 ton fad-1 in the 
first season) and (21.44 and 3.90 ton fad-1 in the second 
season), respectively were produced by planting 
1M:2G, also this was true in the three cuts. Dwivedi et 
al. (2015) noted that the grass component, with 
relatively higher growth rate, higher advantage, is 
favored in the competition with the association legume. 
Similarly, Mead and Willey (1980) had earlier reported 
that in a sorghum/cowpea intercrop, not only the yield 
of cowpea was depressed by sorghum but also cowpea 
depressed the yield of sorghum. However, attribute the 
depression in yield of cereal/legume mixtures to 
shading by cereal (Chui and Shibles, 1983). 

Concerning forage yields as influenced by 
nitrogen fertilizers, an increase in N level from 45 to 
60 and 75 kg N fad-1 produced a significant increase in 
fresh and dry forage yields, this was clear for the total 
and the three cuts. There are many reports considering 
the positive effect of nitrogen fertilizer on forage yield. 
Homayooni et al. (2005) reported that increasing 
nitrogen level increased in the height, the number of 
tillers and the leaf area of millet plants and this 
ultimately leads to a rise in dry matter. On the other 
hand, Hannah and Gohain (2016) found that on low-N 
soils, the non-legume is often suppressed, and on high-
N soils the vigorous growth of the non-legume usually 
causes to dominate it over the legume by shading. 

As shown in Table (2), it is evident that 
interaction between intercropping pattern and nitrogen 
level had significant effect on forage yields for the total 
and the three cuts of both seasons. In general, fresh and 
dry forage yields for sole forage millet, sole guar and 
their intercropping patterns were increased due to 
increasing nitrogen level. Sole Forage millet gave 
higher total fresh and dry forage yields compare with 
sole guar total forage yield under any level of nitrogen 
fertilizer in both seasons. Hassan et al. (2017) stated 
that the grass component, with relative higher growth 
rate, higher advantage, is favored in the competition 
with the association legume. The intercropping pattern 
(2M:1G) gave the highest values total fresh (37.17 and 
32.11) and dry (8.64 and 7.19 ton fad-1) of forage 
yields with adding 75 kg N fad-1 in both seasons, 
respectively. While, the intercropping pattern (1M:2G) 
gave the lowest values of total fresh and dry forage 
yields (18.48 and 3.17 ton fad-1) in the first season and 
(17.58 and 2.82 ton fad-1) in the second season  when 
fertilized by the lowest level of the N (45 kg N fad-1), 
respectively.          

Botanical Composition 
The illustrated graphics in Figs. (1, 2, 3, 4, 5 and 

6) indicated that, the contribution of forage millet in 
dry forage yield of any intercropping patterns was 
higher than that of guar (the component proportion 
percentage). Hassan et al. (2017) noted that guar yields 
were generally reduced by intercropping especially in 
the second and third cuts.  Also, Clark and Myers 
(1994) stated that guar in narrow strips yielded less 
than in wide strips or mono crop, and attributed the 
reduction to fact that in the narrow strips, both of the 

guar were bordered by non-legume, and therefore 
competition were greater than in the wide strips. 

The results revealed that the contribution rate of 
forage millet component of dry forage yield was 
gradually increased with the increase in nitrogen level 
from 45 to 75 kg N fad -1. The addition of to 75 kg N 
fad -1 gave the highest contribution rate of forage millet 
component. While we find the opposite in the case the 
contribution rate of guar component of dry forage yield 
was gradually decreased with each level of nitrogen 
fertilization. It is apparent of the 1st cut for two 
seasons, but the differences among treatments were not 
clear in the 3rd cuts during in the two seasons for both 
forage millet and guar components. On high regime of 
nitrogen, the process of N fixation by legumes reduces 
and in these conditions the non-legume species has 
more dominance and completion for limiting source 
(Hiebsch and Mc Collum, 1987). Under different 
nitrogen levels, intercropping bean with corn resulted 
in yield reduction of legume with increasing nitrogen 
fertilizer (Weilray and Mcfadden, 1991). 

Generally, under different intercropping patterns, 
increasing level of nitrogen fertilizer till 75 kg N fad-1 
increased contribution of the millet crop, while 
contribution of the guar decreased. The cereal 
component crop is usually taller and has a faster 
growing or more extensive root system of fine roots 
and very competitive for soil nitrogen than the legumes 
which usually fix atmospheric N (Koohi and 
Nasrollahzadeh, 2014). 

Competitive indices 

Land equivalent ratio, land equivalent coefficient 
and relative    crowding coefficient  

Table (3), indicated that the effect of different 
intercropping patterns on land equivalent ratio (LER), 
land equivalent coefficient (LEC), relative crowding 
coefficient (K) were significantly different, calculated 
on an average for the three cuts basis. As expected, the 
partial LER of both crops increased as their proportions 
increased in the intercropping patterns at the different 
planting patterns. The total LER values at 2M:1G were 
greater than unity and superior to other patterns, the 
values were 1.40 in the 1st  and 1.36 in the 2nd  seasons, 
respectively. The average relative crowding coefficient 
(K) values of forage millet were higher than guar, thus 
indicating its dominance in the intercropping and such 
result is confirmed that cereals are usually more 
competitive than legume. These results are supported 
by finding of Ghosh (2004) in groundnut/cereal fodder 
intercropping. The crowding coefficients values were 
significantly different at the different intercropping 
patterns. However, the total K values at 1M:2G were 
less 1, thereby indicating that the crops produced less 
yields than expected presumably due to inadequate 
utilization of resources. This is consistent with the 1st 
and the 2nd season. Willey and Rao (1980) reported that 
the relative crowding coefficient of particular crop 
species is less than, equal to greater than 1, then that 
species produced less yield, the same yield or more 
than "expected”  yield, respectively.  
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Fig. (2): Effect of intercropping pattern and nitrogen level on the contribution percentage   of forage millet 
calculated on dry forage yield basis (2
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calculated on dry forage yield basis (3
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Fig. (4): Effect of intercropping pattern and nitrogen level on the contribution percentage   of forage millet and guar 
calculated on dry forage yield basis (1

Fig. (5): Effect of intercropping pattern and nitrogen level on the contribution percentage      of forage millet and guar 
calculated on dry forage yield basis (2
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Table (3):  Effect of intercropping pattern, nitrogen level and their interaction on land equivalent ratio (LER) , land equivalent coefficient (LEC) and relative crowding coefficient 

(K) values,  calculated on dry forage yield basis (mean of the three cuts) 

 
 
 

Main effects and interactions 
First season Second season 

LEm LEg LER LEm LEg LEC Km Kg K LEm LEg LER LEm LEg LEC Km Kg K 

Intercropping pattern (A)       

1: 1   Forage  millet / guar (A1) 0.75 0.48 1.23 0.75 0.48 0.36 1.56 0.62 0.97 0.75 0.47 1.24 0.75 0.47 0.36 1.72 0.60 1.00 

1 : 2  Forage  millet / guar (A2) 0.48 0.69 1.18 0.48 0.69 0.33 1.28 0.71 0.88 0.48 0.70 1.18 0.48 0.70 0.33 1.51 0.60 0.88 

2 : 1  Forage  millet / guar (A3) 0.98 0.41 1.40 0.98 0.41 0.41 1.90 0.85 1.75 0.97 0.38 1.36 0.97 0.38 0.37 2.04 0.73 1.40 

2 : 2  Forage  millet / guar (A4) 0.79 0.51 1.31 0.79 0.51 0.40 1.80 0.69 1.31 0.74 0.51 1.25 0.74 0.51 0.37 1.78 0.67 1.16 

LSD 0.05 0.02 0.07 0.06 0.02 0.07 0.04 0.36 NS 0.40 0.02 0.04 0.04 0.02 0.04 0.02 0.32 NS 0.21 

Nitrogen level (B)       

45 kg N fad-1. (B1) 0.73 0.52 1.26 0.73 0.52 0.36 1.50 0.68 1.07 0.68 0.48 1.17 0.68 0.48 0.30 1.59 0.69 1.04 

60 kg N fad-1. (B2) 0.76 0.52 1.28 0.76 0.52 0.37 1.69 0.71 1.26 0.75 0.52 1.28 0.75 0.52 0.37 1.80 0.64 1.12 

75 kg Nfad-1.  (B3) 0.77 0.53 1.31 0.77 0.53 0.39 1.71 0.76 1.35 0.77 0.54 1.32 0.77 0.54 0.40 1.90 0.62 1.18 

LSD 0.05 0.02 NS 0.03 0.02 NS 0.02 0.12 NS 0.12 0.04 0.04 0.04 0.04 0.04 0.03 0.20 NS 0.08 

Interaction      

A1B1 0.74 0.51 1.25 0.74 0.51 0.37 1.37 0.64 0.91 0.74 0.47 1.21 0.74 0.47 0.35 1.56 0.65 0.92 

A1B2 0.76 0.47 1.23 0.76 0.47 0.36 1.66 0.61 0.99 0.75 0.47 1.23 0.75 0.47 0.35 1.78 0.56 0.98 

A1B3 0.75 0.45 1.21 0.75 0.45 0.35 1.64 0.62 1.01 0.78 0.48 1.27 0.78 0.48 0.37 1.84 0.61 1.09 

A2B1 0.44 0.65 1.10 0.44 0.65 0.28 1.30 0.67 0.83 0.42 0.62 1.05 0.42 0.62 0.25 1.31 0.67 0.80 

A2B2 0.50 0.72 1.22 0.50 0.72 0.35 1.28 0.69 0.86 0.50 0.71 1.22 0.50 0.71 0.35 1.65 0.56 0.90 

A2B3 0.50 0.72 1.23 0.50 0.72 0.36 1.26 0.77 0.93 0.52 0.76 1.29 0.52 0.76 0.40 1.57 0.59 0.94 

A3B1 0.93 0.43 1.36 0.93 0.43 0.39 1.66 0.88 1.56 0.91 0.37 1.30 0.91 0.37 0.34 1.70 0.82 1.32 

A3B2 0.98 0.38 1.37 0.98 0.38 0.39 1.98 0.80 1.74 0.96 0.38 1.35 0.96 0.38 0.36 2.05 0.74 1.40 

A3B3 1.05 0.44 1.49 1.05 0.44 0.46 2.06 0.87 1.94 1.03 0.39 1.42 1.03 0.39 0.40 2.38 0.64 1.48 

A4B1 0.81 0.5 1.31 0.81 0.5 0.40 1.66 0.52 0.97 0.65 0.46 1.12 0.65 0.46 0.29 1.79 0.65 1.11 

A4B2 0.80 0.51 1.31 0.80 0.51 0.41 1.84 0.75 1.45 0.79 0.52 1.32 0.79 0.52 0.41 1.75 0.70 1.19 

A4B3 0.78 0.52 1.31 0.78 0.52 0.41 1.89 0.79 1.53 0.77 0.55 1.33 0.77 0.55 0.42 1.81 0.67 1.20 

LSD 0.05 NS NS 0.07 NS NS 0.05 NS NS NS NS NS 0.05 NS NS NS NS NS NS 
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Regarding the effect of nitrogen levels on LER, 

LEC and K of forage millet-guar intercropping pattern, 
the statistical analysis for the values of LER showed 
significant differences among the nitrogen levels for 
the average of the three cuts in both seasons. LER 
values were greater than one even at the lowest used 
level of nitrogen fertilization, and this was true in both 
seasons. Indicating that, the partial LER of forage 
millet was higher than the partial LER of guar 
component in intercropping and that may be due to 
more N availability. Guar plants are provided 
symbiotically by nitrogen more effectiveness to the 
associated pearl millet plants under the lowest level of 
mineral nitrogen fertilization. The LEC values for the 
average of the three cuts were greater (0.25) under any 
nitrogen level of the two seasons, indicating yield 
advantage for intercropping patterns and showed 
efficient utilization of land resource by growing both 
crops together and vice versa. Bejiga and Brink (2006) 
stated that the greater LEC of intercrops was mainly 
due to a greater resource use and resource 
complementarily, when the species were grown alone. 
In generally, the average relative crowding coefficient 
(K) had the same trend of LER.  The high nitrogen 
level of 75 kg N fad-1 gave the highest values of LER, 
LEC and K. However, the differences among the 
nitrogen level 60 and 75 kg N fad-1 were not significant 
in both seasons. The same result was obtained by 
Dahmardeh et al. (2009), Reza (2012).  

The most important results concerning the effect 
of the interactions between intercropping patterns and 
nitrogen levels on LER, LEC and K of forage millet-
guar intercropping pattern. The data reveal that, under 
different intercropping patterns used; the LER, LEC 
values were increased by adding nitrogen. However, 
the highest LER values and cropping advantage were 
achieved by intercropping pattern (2M:1G) and adding 
75 kg N fad-1. This was true during two seasons, while 
the interaction effect among different studied factors 
on K values were insignificant.  

Aggressivety and competitive ratio and system 
productivity index  

Aggressivity (A), competitive ratio (CR) and 
system productivity index (SPI) of forage millet-guar 
in 4 intercropping patterns are presented in Table (4). 
The competitive ability of the component crops in an 
intercropping system is determined by its aggressivity 
values. Regardless of aggressivity, there was positive 
sign for forage millet and negative sign for the 
intercropped guar, indicating that forage millet was 
dominant. Results showed positive aggressivity for 
forage millet at 2M: IG, 2M:2G and 1M:1G 
intercropping patterns, while it proved less competitive 
by guar at 1M:2G intercropping pattern. Oraka and 
Omoregie (2007) obtained higher aggressivity in 
cowpea over rice at higher population densities. The 
competitive ratio (CR), which measures the degree 
with which one crop competes with other, showed that 
forage millet had higher competitive indices than guar 
in all the intercropping patterns except 1M:2G. The 
result of CR corroborates with that of aggressivity, 
forage millet was more competitive than guar. 
Increasing the density of guar in the intercropping 
pattern will elevate its crowding efficiency over forage 
millet. The system productivity index (SPI) 
standardized the yield of secondary crop (guar) in 

terms of primary crop (forage millet), also identified 
the combinations that utilized growth resources 
effectively and maintained a stable yield performance, 
2M:1G pattern gave the highest values of SPI than 
other intercropping patterns. The SPI values were 3.02 
and 2.44 as the average for the three cuts in the 1st and 
the 2nd seasons, respectively.   

Regarding the effect of nitrogen level on 
Aggressivity (A) and competitive ratio (CR) of forage 
millet-guar in 4 intercropping patterns over the three 
cuts for both seasons, it is apparent from the data in 
Table (4), there was positive sign for forage millet and 
negative sign for the intercropped guar, indicating that 
forage millet was dominant while guar was dominated, 
whereas increasing levels of N increased forage millet 
competition to guar component for space, nutrients, 
and solar radiation, On high regimen of nitrogen, the 
process of N fixation by legumes reduces and in these 
conditions the non-legume species has more 
dominance and completion for limiting source, this is a 
true in both seasons. The (A) of cereal values were 
more aggressive with the incremental levels of N due 
to better growth (Strydhorst et al., 2008). Clark and 
Myers (1994) reported that the utilization of different 
nitrogen levels in intercropping bean with corn resulted 
in yield reduction of legume with increasing nitrogen 
fertilizer. In general increasing N level applied to 
intercropping treatments lead to increase CR for cereal, 
while CR for legume started decline. On the other 
hand, system productivity index (SPI) values were 
increased significantly as N- application was raised 
from 45 to 75 kg Nfad-1. Also, the highest SPI values 
3.22 and 2.75 in the 1st and the 2nd seasons, 
respectively, were obtained by using 75 kg Nfad-1. 
Nitrogen application increased number of tillers, plant 
height and the leaf area of plants and this ultimately 
leads to raise dry matter particularly for forage millet 
component. These results are in good agreement with 
those obtained by Zhao et al. (2005).  

Concerning the interaction effect between the two 
factors under study on the aggressivity and competitive 
ratio, it is evident from the data in Table (4), that the 
values of aggressivity and competitive ratio were not 
significantly affected with the interaction between 
intercropping patterns and nitrogen levels. However, it 
was observed that, the forage millet component for 
intercropping patterns (2M:1G), (1M:1G) and (2M:2G) 
is a funnel crop whereas, the guar component is a pent-
up crop under any level of nitrogen fertilization  applied 
in the study. The interaction between intercropping 
patterns and nitrogen levels had significant effect on the 
system productivity index (SPI). The highest SPI values 
(3.67 and 2.94) were obtained by intercropping pattern 
(2M:1G) and adding 75 kg N fad-1 in the 1st and the 2nd 
seasons, respectively. 

Economic Evaluation  

Results in Table (5), showed that the highest net 
return (7456 L.E.) was achieved by treatment (2M:1G 
intercropping pattern with75 kg N fad-1) followed by 
treatment (2M:1G intercropping pattern with 60 kg N 
fad-1) (6371 L.E.) then treatment (2M:2G intercropping 
pattern with 75 kg N fad-1) (5821 L.E.), while, the 
treatment (1M:2G intercropping pattern with 45 kg N 
fad-1) (1136) produced the lowest net return and net 
return of invested Egyptian pound. 
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Table (4): Effect of intercropping pattern, nitrogen level and their interaction on Aggressivity (A), competitive ratio (CR) and system productivity index (SPI) values,  

calculated on dry forage yield basis (mean of the three cuts) 

 
 

Main effects and interactions 
First season 

Second season 
 

Am Ag CRm CRg SPI Am Ag CRm CRg SPI 

Intercropping pattern (A)        

1:1   Forage  millet / guar (A1) 0.54 -0.54 1.73 0.62 2.65 0.56 -0.56 1.95 0.61 2.22 

1:2  Forage  millet / guar (A2) 0.86 -0.86 0.35 2.88 2.51 0.91 -0.91 0.38 2.85 2.13 

2:1  Forage  millet / guar (A3) 1.56 -1.56 5.41 0.20 3.02 1.55 1.55- 6.11 0.18 2.44 

2:2  Forage  millet / guar (A4) 0.57 -0.57 1.7 0.62 2.79 0.50 0.50- 1.74 0.68 2.31 

LSD 0.05 0.35 0.35 1.58 0.21 0.20 0.66 0.66 2.41 0.53 0.10 

Nitrogen level (B)        

45 kg N fad-1. (B1) 0.81 -0.81 2.24 1.14 2.15 0.83 -0.83 2.82 1.14 1.76 

60 kg N fad-1. (B2) 0.91 -0.91 2.32 1.06 2.86 0.88 -0.88 2.41 1.04 2.33 

75 kg Nfad-1.  (B3) 0.93 -0.93 2.33 1.05 3.22 0.92 -0.92 2.40 1.07 2.75 

LSD 0.05 0.01 0.01 0.02 0.01 0.14 0.03 0.03 NS 0.01 0.22 

Interaction        

A1B1 0.48 -0.48 1.69 0.67 2.18 0.53 -0.53 2.27 0.62 1.82 

A1B2 0.55 -0.55 1.73 0.61 2.77 0.56 -0.56 1.79 0.61 2.23 

A1B3 0.61 -0.61 1.76 0.58 3.00 0.59 -0.59 1.78 0.59 2.62 

A2B1 0.72 -0.72 0.35 3.04 1.85 0.83 -0.83 0.41 3.02 1.56 

A2B2 0.94 -0.94 0.36 2.82 2.69 0.90 -0.90 0.38 2.71 2.21 

A2B3 0.93 -0.93 0.35 2.79 3.00 1.00 -1.00 0.35 2.82 2.64 

A3B1 1.43 -1.43  5.15 0.22 2.34 1.45 -1.45 6.58 0.19 1.94 

A3B2 1.58 -1.58  5.54 0.19 3.05 1.54 -1.54 5.82 0.19 2.45 

A3B3 1.66 -1.66  5.54 0.19 3.67 1.66 -1.66 5.93 0.18 2.94 

A4B1 0.62 -0.62  1.79 0.62 2.24 0.53 -0.53 2.03 0.73 1.72 

A4B2 0.56 -0.56  1.64 0.62 2.93 0.54 -0.54 1.66 0.64 2.42 

A4B3 0.52 -0.52  1.65 0.63 3.21 0.43 -0.43 1.52 0.68 2.80 

LSD 0.05 NS NS  NS NS 0.36 NS NS NS NS 0.11 
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Table (5): Estimates of costs for inputs farm operation and economic return of intercropping of forage millet with guar as affected by intercropping patterns and nitrogen levels for the three 

cuts across the two growing seasons 

Costs and production 
inputs 

 Treatments   

1 M: 1 G intercropping pattern 1M:2G intercropping pattern 2M:1G intercropping pattern 2M:2G intercropping pattern 

45kg N fad-1 60 N fad-1 75 N fad-1 45 N fad-1 60 N fad-1 75 N fad-1 45 N fad-1 60 N fad-1 75 N fad-1 45 N fad-1 
60 N 
fad-1 

75 N 
fad-1 

Land preparation 
tillage 

550 550 550 550 550 550 550 550 550 550 550 550 

planting 400 400 400 400 400 400 400 400 400 400 400 400 

Seeds 675 675 675 650 650 650 700 700 700 675 675 675 

Irrigation 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 

N 416 555 694 416 555 694 416 555 694 416 555 694 

P 360 360 360 360 360 360 360 360 360 360 360 360 

K 400 400 400 400 400 400 400 400 400 400 400 400 

Hoeing and weeding 600 600 600 600 600 600 600 600 600 600 600 600 

Harvesting 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 

Total variable cost 6101 6240 6379 6076 6215 6354 6126 6265 6404 6101 6240 6379 

Yield ton fad-1 20.42 25.30 28.47 18.03 21.47 24.34 24.37 31.59 34.65 21.34 27.93 30.50 

Price ton fad-1 400 400 400 400 400 400 400 400 400 400 400 400 

Total revenue 8168 10120 11388 7212 8588 9736 9748 12636 13860 8536 11172 12200 

Net return 2067 3880 5009 1136 2373 3382 3622 6371 7456 2435 4932 5821 

Return invested L.E. 1.33 1.62 1.79 1.19 1.38 1.53 1.59 2.02 2.16 1.40 1.79 1.91 

Net Return of 
invested L.E. 

0.33 0.62 0.79 0.19 0.38 0.53 0.59 1.02 1.16 0.40 0.79 0.91 

Net return (L.E. fad-1) = Total revenue - Total variable cost          Return of invested = Total revenue / Total variable cost 
Net return of invested L.E.= Return of  invested L.E. -1 
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 التحمیل بنظم المتأثرة والجوار العلف دخن واقتصادیات المنافسة ومؤشرات العلف إنتاجیة

 الرملیة الأراضي ظروف تحت ينالنیتروجی والتسمید
 

  ١محمد محمود عوض ،٢ھند حسن محمد حسن ،١اللهأحمد محمد عبد 
  مصر - الجیزة  - مركز البحوث الزراعیة  - معھد بحوث المحاصیل الحقلیة  - قسم بحوث التكثیف المحصولي
  مصر - الجیزة  - مركز البحوث الزراعیة  - معھد بحوث المحاصیل الحقلیة  - قسم بحوث محاصیل العلف 

  

، ٢٠١٩و ٢٠١٨خلال الموسمیین الصیفیین  الزراعیة،مركز البحوث  –أقیمت تجربتان حقلیتان بمزرعة محطة بحوث الإسماعیلیة 
 جوار،سطرین : سطر دخن العلف جوار،سطر  :العلفسطر دخن (وذلك بھدف دراستھ تأثیر أربعة نظم لتحمیل الجوار مع دخن العلف 

/ جم نك ٧٥و ٦٠، ٤٥(سطرین جوار وثلاث مستویات من التسمید النیتروجیني  :العلفسطر جوار،  سطرین دخن  :العلفسطرین دخن 
علي محصولي العلف الأخضر والجاف وكفاءة استخدام الأرض بالإضافة إلي الجدوى الاقتصادیة بالمقارنة بالزراعة المنفردة لكلا ) فدان

و  ٣٢,٤٨(أعلى محصول علف أخضر ) سطر جوار: سطرین دخن العلف(أعطى نظام التحمیل  :ویمكن تلخیص أھم النتائج فیما یلي النوعین،
أدى زیادة مستوى التسمید النیتروجیني . في الموسم الأول والثاني على التوالي) فدان/ طن ٥,٩٣و  ٧,١٢(ومحصول جاف ) دانف/طن ٢٧,٩١

فدان إلى زیادة تدریجیة لكل من محصولي العلف الأخضر والجاف الكلي وكذلك الحشات الثلاثة الفردیة لكلا / كجم ن  ٧٥إلى  ٤٥من 
دخن العلف في المحصول الجاف للحشات الثلاثة لأي نظام تحمیل الأعلى، في حین كانت نسبة مساھمة الجوار  سبة مساھمةن أیضا .الموسمین

فدان أعطى أعلى نسبة مساھمة لدخن العلف، في حین / كجم ن ٧٥إضافة النیتروجین حتى  أیضا،. الأقل عما كان متوقعا في كلا الموسمین
أعطى نظام  .الموسمین الأولى لكلاوھذا یظھر بوضوح في الحشة  مضاف،كل مستوى نیتروجین انخفضت نسبة مساھمة الجوار تدریجیاً مع 

و مؤشرات المنافسة وكذلك الأعلى من )  LER(أعلى قیم من نسبة المكافئ الأرضي الكلي ) سطر جوار: سطرین دخن العلف(التحمیل 
ادة مستویات التسمید النیتروجیني إلى تحسین كل من نسبة المكافئ الأرضي عموما، أدت زی. الناحیة الاقتصادیة مقارنة بنظم التحمیل الأخرى

 الدراسة،من ھذه  .دخن العلف كمكون رئیسي لنظم التحمیل الزراعیة المستخدمة خاصة لمحصولومؤشرات المنافسة  كبیر،الكلي بشكل 
دخلاً  فدان سیعطي/ كجم ن ٧٥وتسمیده بـ ) سطر جوار: دخن العلف سطرین(التحمیل نستنتج أن زراعة دخن العلف مع الجوار في نظام 

  .نوع من محاصیل العلف المنفردة لكلوبالتالي تعزیز استدامة إنتاج المحاصیل مقارنة بالزراعة  الأراضي،وكفاءة أفضل لاستخدام  أعلى،
 


