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ABSTRACT 
 

Two field experiments were conducted for two consecutive summer seasons of 2012 and 2013 at 
The Experimental Farm of The Faculty of Environmental Agricultural Sciences, El-Arish, Arish 
University, North Sinai Governorate, Egypt to evaluated the effect of different intercropping patterns 
(tomato: cowpea at different plant density; 100:72.72, 100:100 and 100:127.27 in comparison with 
sole cropped of each specie), different irrigation frequency (daily and every two days), different 
compost rates (4 and 6 ton/feddan) and their interaction treatments on growth, yield components and 
some chemical constituents as well as competitive indices of tomato and cowpea. The obtained results 
revealed that the most of parameters of both crops under evaluation were increased with intercropping 
pattern treatments compared to tomato or cowpea sole crop in the first and second seasons, also, the 
same trend was achieved by irrigation daily which was fertilized by 6 ton compost per feddan. 
Furthermore, the maximum increase in land equivalent ratio and area time equivalent ratio as well as 
land utilization efficiency percentage were obtained from the treatment of irrigation every two days 
and fertilized by 6  ton compost per feddan interacted with 100:127.27 intercropping pattern in both 
seasons compared with control. In all mixtures, positive aggressivity values for tomato showed that 
tomato was the dominant specie whereas the negative values for cowpea showed that it was the 
dominated one. 
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Introduction  

 
The tomato is one of the most commonly grown fresh market vegetables. Tomato 

(Solanum lycopersicum Mill.) is a member of family solanaceae, also it is one of the popular 
vegetable crop consumed all over the world. Furthermore, genus Solanum, contains some 
important minerals, vitamins. Tomatoes are now eaten freely throughout the world, and their 
consumption is believed to benefit the heart among other things. Tomato is considered the first 
vegetable crop in Egypt (Dawa et al., 2013). Also, cowpea (Vigna unguiculata L., Walp) is an 
important crop in Africa and the major grain legume consumed in North Africa (Martin, 1984). 
It is commonly cultivated as a nutritious and highly palatable food source in the southern 
United States, Middle East, Africa, Asia, and throughout the tropics and subtropics. The seed is 
reported to contain about 24% crude protein, 53% carbohydrates, and 2% fat (FAO, 2012). 
Cowpea grows rapidly, reaching a height almost of 19– 24 inches (48–61 cm) when grown 
under favorable conditions (Singh et al., 2003). 

Increasing crops growth and productivity and saving irrigation water are two interrelated 
issues raising a lot of concern these days in Egypt. Legume/cereal intercropping pattern is 
generally more productive than reference sole crop (Tsubo et al., 2005). Furthermore, the 
biological basis for intercropping involves complementarily of resources used by the two 
components, as well as water use efficiency was the highest under soybean/maize 
intercropping, compared with sole maize and sole soybean (Barhom, 2001). Intercrops have 
been known to conserve water, largely due to early high leaf area index and higher leaf area 
(Ogindo and Walker, 2005). Morris and Garrity (1993) stated that water capture by intercrops is 
higher by about 7% compared by sole crop.  

Compost is an organic fertilizer, which is produced by different microorganisms from 
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organic materials (Lazcano et al., 2009). The addition of compost to agricultural soils supplies 
nutrients and organic matter, decreases leaching of mineral elements from the soil and also 
improves soil physical structure (Rantala et al., 1999). Compost also is used to provide 
biological control against various plant pathogens (Hoitink and Grebus,1994).  

The most important aim of this study is maximizing the crop productivity as well as 
minimizing water quantity by using different intercropping patterns combined with compost 
fertilization rate treatments with tomato and cowpea. Besides, studying the effects of using 
different intercropping patterns between tomato with cowpea, irrigation intervals, compost 
fertilization rates and their interaction treatments on growth, yield components, some chemical 
constituents as well as some competitive indices of both tomato with cowpea plants under North 
Sinai conditions 
 

Materials and Methods 
 

The present study was conducted at the Experimental Farm of The Faculty of 
Environmental Agricultural Sciences, El-Arish, Arish University, North Sinai Governorate, 
Egypt during two consecutive summer seasons of 2012 and 2013. This experiment included 16 
treatments, which were the interaction between two irrigation frequencies (daily or every two 
days), two compost rates (4 or 6 ton l feddan) and four intercropping patterns. The intercropping 
pattern treatments were sole cropping pattern of either tomato (9334 plants/feddan) or cowpea 
(92000 plants/feddan) which used as control for both components characters, 9334 tomato 
plants: 67200 cowpea plants which were 16 plants/m2 (100:72.72), 9334 tomato plants: 92400 
cowpea plants which were 22 plants/m2 (100:100) and 9334 tomato plants: 117600 cowpea 
plants which were 28 plants/m2 (100:127.27). The sixteen treatments were arranged in a split-
split plot design with three replicates, where irrigation frequency were distributed in the main 
plots, compost fertilization rates were randomly arranged in the sub-plots, while intercropping 
pattern treatments were randomly arranged in the sub-sub-plots. All plants received normal 
agricultural practices whenever they needed. 

Tomato seedlings (Hybrid Alissa F1) were transplanted on 15th April in both seasons after 
full seed germination of cowpea (cv. kaha-1). Tomato seedlings were transplanted beside single 
dripper lines with a distances of 90 cm between the dripper lines and 50 cm between the 
transplants at the same dripper line. The dripper discharge 4 L / h. Plot area was 9 m2 (10 m in 
length and 90 cm in width). Irrigation treatments were used after ten days of tomato 
transplanting. Also, compost rates were added during soil preparation as a soil dressing 
application. The source of compost was Al-Arabiah for organic fertilizer factory, Sharkia 
Governorate. Some physio- chemical properties of the experimental soil cite which taken at 0-
30cm depth are shown in Table 1 and chemical analysis of irrigation water is shown in Table 2.  

 

Table 1: Initial soil physical and chemical analyses 

Soil properties First season (2012) Second season (2013) 

Mechanical analysis 
Soil texture Sandy Sandy 

Chemical analysis (soluble ions in (1:5) extract) 
Ca++          (meq.l-1 ) 2.78 3.06 
Mg++         (meq.l-1 ) 2.11 2.57 
Na+           (meq.l-1 ) 1.91 2.09 
K+             (meq.l-1 ) 0.41 0.49 
CO3

--         (meq.l-1 ) - - 
HCO3

-       (meq.l-1 ) 2.36 2.61 
Cl-             (meq.l-1 ) 1.65 1.89 
SO4

--          (meq.l-1 ) 3.18 3.40 
Available N(ppm) 16.52 16.24 
Available P(ppm) 46.50 45.21 
Available K(ppm) 97.50 96.25 
EC(dS m-1) in (1:5) extract) 0.75 0.79 
pH    in (1:2.5) extract) 8.03 8.11 
CaCO3 % 9.85 10.98 
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Table 2: Chemical analysis of irrigation water 

pH 

EC Soluble ions  (meq. l-1 ) 

dSm-1 ppm 
Cations Anions 

Ca++ Mg++ Na+ K+ Cl- HCO3
- CO3

-- SO4
-- 

7.2 6.14 3929.6 19.12 23.31 18.77 0.20 43.51 7.25 - 10.64 

7.01 5.99 3833.6 18.54 22.91 18.23 0.22 41.61 8.15 - 10.14 

Data Recorded:  

Growth characters: A random sample of 3 plants from each intercropped plants at 40 days 
after planting were taken and plant height (cm) as well as total plant dry weight (g) were 
estimated for the two components.  

Yield components: Fruit yield/plant (kg) for tomato and seed yield/plant (g) for cowpea was 
determined, and then fruit and seed yield (ton / feddan) was calculated for tomato and cowpea 
plants, respectively. 

Chemical constituents: A sample of dry fruits of tomato and seeds of cowpea were randomly 
taken from each treatment for chemical analysis. Ascorbic acid in tomato juice was determined 
as (as mg/100 ml juice) by the 2,6-dichloroindophenol titrimetric method (Cemeroğlu, 1992). 
Also, total nitrogen (%) was determined in seeds of cowpea according to the methods 
described by Chapman and Pratt (1978) and was multiplied by 6.25 to calculate protein 
percentage. 

Competitive indices:  

Land Equivalent Ratio (LER): 
This gives an indication to the relative land area required, as sole planting, 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. In 
contrast, when LER is lower than one the intercropping negatively affects the yield of the 
plants grown in association. It was determined for tomato and cowpea yield recorded per 
feddan according to the following equation:  

LER = Lt + Lc       

   
Ytt

tc 
       Lt

Y
  ,                     

Ycc

ct 
       Lc

Y
  

 
where Ytt and Ycc are the yields per feddan of tomato and cowpea, respectively, as sole 

crops and Ytc and Yct are the yields of tomato and cowpea, respectively, as intercrops (Mead 
and Willey, 1980). 

Area Time Equivalent Ratio (ATER): 
Since, land equivalent ratio does not take into account the time for which land is 

occupied by component crops of an intercropping system, ATER was also determined. It was 
calculated according to the following equation:                               

 
T

ct YccYctt tYttYtc
ATER

   /       /  
       

×× 
  

Where: Ytc = Intercrop yield of tomato, Ytt = Sole yield of tomato, Yct = Intercrop 
yield of cowpea, Ycc = Sole yield of cowpea, tt = The duration of tomato in days (100 days), 
tc = The duration period of cowpea in days (70 days) and T = The total duration of 
intercropping system in days (Hiebsch and McCollum,1987). 

 
Land Utilization Efficiency percentage (LUE %): By using LER and ATER values, the land 
utilization efficiency (LUE %) was calculated according to Mason et al. (1986) equation as follows: 
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Aggressivity (A): 

 
Aggressivity value was calculated according to Mc Gilchrist (1965) equation as follows: 
1.For combination of 50:50 and 100:100, they were calculated according to the 

following equations: 

                    c L tL A tc     -             

                    tLc Lct A     -              
2. For the other combination ratios, the equations used were: 

ct  cc 
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Where: Ytc = Intercrop yield of tomato, Yct = Intercrop yield of cowpea, Ytt = Sole 
yield of tomato, Ycc = Sole yield of cowpea, Ztc = Sowing proportion of tomato and Zct = 
Sowing proportion of cowpea. 

Statistical analysis: 

Data of the present work were statically analyzed and the differences between the 
means of the treatments were considered significant when they were more than the least 
significant differences (L.S.D) at the 5% level, by using computer program of Statistix 
version 9 (Analytical Software, 2008). 

 
Results and Discussion 
 
Growth parameters   
  

Data of both seasons in Tables 3 and 4 indicate that, irrigation frequency every day 
significantly increased plant height (cm) of tomato and cowpea and total dry weight (g) per plant 
of cowpea plant compared to frequency irrigation every two days during both seasons. However, 
there were no significant difference between two irrigation frequency treatments in the second 
season regard total dry weight of tomato plant. These results are in harmony with those found by 
Ghannad et al. (2014) on okra. They indicated that there was significant difference between two 
levels of irrigation interval, so that plots which irrigated by 7 days interval showed higher plant 
height in comparison to 10 days interval. In addition, the low soil moisture content resulted in 
reduced shoot and leaf dry weights of tomato plants (Singandhupe et al., 2003). 

However, using organic fertilization (compost rates) significantly increased plant height 
and total dry weight of both components (tomato and cowpea plants) in the two seasons. 
However, the tallest and heavier plants were resulted from fertilizing with compost at 6 
ton/feddan (Tables 3 and 4). These results are hold true in the two seasons. In this connection,  
Togun et al. (2004) reported that compost rate had significant effect  on the growth of tomato. 
Compost amendments most frequently are used to provide essential nutrients (such as N, P and 
K) to rebuild soil physio-chemical properties, and re-establish microbial populations and 
activities (Lakhdara et al., 2009). By increasing the organic content of the soil, biological 
activity can be enhanced and water and nutrient holding capacity can be improved in soils 
which reflected in plant growth (Darlington, 2003). 
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Table 3: Effect of irrigation intervals, organic rate, intercropping pattern and their interaction treatments on plant height 
(cm) and total dry weight (g) per plant of tomato plant during 2012 and 2013 seasons 

Irrigation 
intervals (I) 

Organic rate as 
Compost (O) 

(ton/fed.) 

Intercropping pattern 
(C) 

(Tomato: cowpea %) 

Plant height (cm) Total dry weight (g) 

2012 2013 2012 2013 

Interaction effect between the three factors under study 

Daily 4 Sole tomato 60.60 61.60 49.05 46.11 
Daily 4 100: 72.72 61.25 62.58 52.70 47.91 
Daily 4 100 : 100 63.00 64.11 56.92 54.55 
Daily 4 100: 127.27 62.25 61.55 59.54 63.37 
Daily 6 Sole tomato 65.90 64.49 67.42 56.02 
Daily 6 100: 72.72 60.50 61.61 80.28 80.49 
Daily 6 100 : 100 65.17 66.61 76.43 78.99 
Daily 6 100: 127.27 65.67 67.11 74.75 73.25 

Every two days 4 Sole tomato 52.30 53.31 45.64 50.88 
Every two days 4 100: 72.72 53.50 54.71 49.17 52.68 
Every two days 4 100 : 100 56.67 55.55 49.13 47.79 
Every two days 4 100: 127.27 58.83 59.83 68.00 70.02 
Every two days 6 Sole tomato 56.30 57.09 49.73 68.11 
Every two days 6 100: 72.72 58.26 59.15 75.44 76.94 
Every two days 6 100 : 100 64.07 62.58 60.31 60.85 
Every two days 6 100: 127.27 63.58 62.04 70.82 72.60 

Main effect of the three factors under study 
Daily 63.04 63.71 64.64 62.58 
Every two days 57.94 58.03 58.40 62.48 

4 (ton/fed.)  58.55 59.16 53.77 54.16 
6 (ton/fed.) 62.43 62.58 69.27 70.91 

Sole tomato 58.78 59.12 52.71 55.28 
100: 72.72 58.38 59.51 64.40 64.50 
100 : 100 62.22 62.21 60.69 60.54 
100: 127.27 62.58 62.63 68.28 69.81 

Plant height (cm) 

LSD at 5 % for 2012 For (I) = 2.82 For (O) = 2.43 For (C) = 1.82  For (I)(O)(C) = 5.54 
LSD at 5 % for 2013 For (I) = 1.72 For (O) = 0.90  For (C) = 1.25 For (I)(O)(C) = 3.09 

Total dry weight (g) 

LSD at 5 % for 2012 For (I) = 2.57 For (O) = 2.22 For (C) = 3.42 For (I)(O)(C) = 8.82  
LSD at 5 % for 2013 For (I) = N.S. For (O) = 2.63 For (C) = 3.25 For (I)(O)(C) = 12.05 

 
Also, in most cases plant height of tomato and cowpea plants as well as total dry weights of 

tomato plants were increased with intercropping pattern treatments compared to tomato sole 
crop in the first and second seasons. The highest significant increases were achieved with 
intercropping pattern of 100: 127.27 without any significant deference between this pattern and 
100: 100. While, the highest values of total dry weight of cowpea were achieved by using 
intercropping pattern of 100:72.72 as presented in Tables 3 and 4. Such results may be 

attributed to that in legume / non-legume intercropping patterns, plants benefit from the direct 

transfer of fixed N2, as reported by Graham and Vance (2000).These results are in similar with 
those stated by Sarkar and Raghav (2010) on capsicum when intercropped with maize and 
Bitew et al. (2014) on lupine intercropped with wheat, barley and finger millet. 

Concerning the effect of interaction treatments between irrigation frequency, compost 
rates and intercropping patterns on growth parameters of tomato and cowpea, data in Tables  3 
and 4 demonstrate that, in most cases the highest values in plant height and total dry weight of 
tomato plant were obtained by the interaction treatment of frequency irrigation every day and 
fertilized by 6 ton / feddan with intercropping pattern of 100: 127.27 or 100: 100 without any 
significant difference between both interaction treatments compared to the other combinations 
under study. However, the highest values in plant height and total dry weight of cowpea plant 
were obtained by the interaction treatment of  frequency irrigation every day and fertilized by 6 
ton / feddan with intercropping pattern of 100: 72.72 compared to the other combinations under 
study. These results are in accordance with those found by Gaballah and Ouda (2008) on 
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soybean and maize under intercropping system combined with irrigation intervals. 
 

Table 4: Effect of irrigation intervals, organic rate, intercropping pattern and their interaction treatments on plant height 
(cm) and total dry weight (g) per plant of cowpea plant during 2012 and 2013 seasons 

Irrigation 
intervals (I) 

Organic rate as 
Compost (O) 

(ton/fed.) 

Intercropping pattern 
(C) 

(Tomato: cowpea %) 

Plant height (cm) 
Total dry weight 

(g) 

2012 2013 2012 2013 

Interaction effect between the three factors under study 

Daily 4 Sole cowpea 30.77 36.77 13.00 13.23 
Daily 4 100: 72.72 31.11 37.33 14.28 14.52 
Daily 4 100 : 100 34.66 43.11 14.24 14.09 
Daily 4 100: 127.27 36.77 45.07 14.18 13.29 
Daily 6 Sole cowpea 41.11 37.77 20.97 21.67 
Daily 6 100: 72.72 39.88 39.88 26.94 26.67 
Daily 6 100 : 100 42.83 44.37 24.67 24.75 
Daily 6 100: 127.27 44.22 43.89 21.69 21.90 

Every two days 4 Sole cowpea 36.11 32.00 14.54 14.55 
Every two days 4 100: 72.72 37.66 30.55 24.95 24.57 
Every two days 4 100 : 100 38.55 35.33 17.26 16.87 
Every two days 4 100: 127.27 41.72 39.11 15.20 15.10 
Every two days 6 Sole cowpea 43.44 34.77 15.02 15.47 
Every two days 6 100: 72.72 41.00 34.78 19.82 20.03 
Every two days 6 100 : 100 45.44 42.66 16.24 16.48 
Every two days 6 100: 127.27 46.33 44.11 16.31 15.89 

Main effect of the three factors under study 
Daily 37.67 41.02 18.75 18.76 
Every two days 41.28 36.66 17.42 17.37 

4 (ton/fed.) 35.90 37.41 15.95 15.78 
6 (ton/fed.) 43.03 40.28 20.21 20.36 

Sole cowpea 37.86 35.33 15.88 16.23 
100: 72.72 37.41 35.64 21.50 21.45 
100 : 100 40.37 41.37 18.10 18.04 
100: 127.27 42.26 43.04 16.84 16.55 

Plant height (cm) 

LSD at 5 % for 2012 For (I) = 1.91  For (O) = 0.52 For (C) = 1.46  For (I)(O)(C) = 3.56 
LSD at 5 % for 2013 For (I) = 3.25 For (O) = 1.49 For (C) = 2.04 For (I)(O)(C) = 6.14  

Total dry weight (g) 

LSD at 5 % for 2012 For (I) = 0.94 For (O) = 1.07 For (C) = 0.74  For (I)(O)(C) = 1.81 
LSD at 5 % for 2013 For (I) = 0.60 For (O) = 0.44  For (C) = 0.76 For (I)(O)(C) = 1.47 

 

Yield components 
 

 Data presented in Tables 5 and 6 reveal that, in most cases there were significant increase 
in fruits and seed yield per plant and per feddan of tomato and cowpea plants by using 
frequency irrigation every day compared to the other one under study. Fruit yield per plant or 
per feddan of tomato did not significantly increase by irrigation treatments in the first season 
but it was significantly increased by frequency irrigation every day in the second one. These 
results are in agreement with those reported by Bao-Zhong et al. (2003) and Khalel (2015) on 
potato plant. 

Data in Tables 5 and 6 showed that fruit and seed yield per plant and per feddan was 
significantly increased due to the application of compost rate at 6 ton/feddan compared to 4 
ton/feddan in the two consecutive seasons. Turkmen et al. (2004) also found compost is an 
important in gradient in increasing the mineral nutrient uptake in tomato which reflected in 
plant growth and yield components. Also, Taiwo et al. (2001) demonstrated that seed weight of 
cowpea were significantly increased over the control when the compost was used. In addition, 
Smith et al. (2001) suggest that adding fertilizer and increasing the proportion of compost 
generally led to higher numbers of pods and seeds and increased total seed dry mass of common 
bean plant. 
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Table 5: Effect of irrigation intervals, organic rate, intercropping pattern and their interaction treatments yield per plant 
(kg) and per feddan (ton) of tomato plant during 2012 and 2013 seasons 

Irrigation intervals 
(I) 

Organic rate as 
Compost (O) 

(ton/fed.) 

Intercropping pattern 
(C) 

(Tomato: cowpea %) 

Yield per plant (kg) 
Yield per feddan 

(ton) 

2012 2013 2012 2013 

Interaction effect between the three factors under study 

Daily 4 Sole tomato 2.55 2.81 23.78 26.20 
Daily 4 100: 72.72 2.35 2.28 21.95 21.31 
Daily 4 100 : 100 2.16 2.27 20.14 21.25 
Daily 4 100: 127.27 2.07 2.11 19.31 19.77 
Daily 6 Sole tomato 2.67 2.62 24.95 24.43 
Daily 6 100: 72.72 2.61 2.25 24.34 20.98 
Daily 6 100 : 100 2.27 2.31 21.20 21.53 
Daily 6 100: 127.27 2.52 2.39 23.55 22.32 

Every two days 4 Sole tomato 2.95 2.28 27.50 21.32 
Every two days 4 100: 72.72 2.03 1.85 18.98 17.27 
Every two days 4 100 : 100 2.58 1.94 24.03 18.12 
Every two days 4 100: 127.27 1.93 1.95 17.96 18.19 
Every two days 6 Sole tomato 2.72 2.34 25.39 21.85 
Every two days 6 100: 72.72 2.51 2.11 23.44 19.71 
Every two days 6 100 : 100 2.42 1.84 22.60 17.22 
Every two days 6 100: 127.27 1.89 1.82 17.60 17.02 

Main effect of the three factors under study 
Daily 2.40 2.38 22.40 22.22 
Every two days 2.38 2.02 22.19 18.84 

4 (ton/fed.) 2.32 2.19 21.70 20.43 
6 (ton/fed.) 2.45 2.21 22.88 20.63 

Sole tomato 2.72 2.51 25.40 23.45 
100: 72.72 2.37 2.12 22.18 19.82 
100 : 100 2.36 2.09 21.99 19.53 
100: 127.27 2.10 2.07 19.61 19.33 

Yield per plant (kg) 

LSD at 5 % for 2012 For (I) = N.S. For (O) = 0.12 For (C) = 0.09 For (I)(O)(C) = 0.19 
LSD at 5 % for 2013 For (I) = 0.26 For (O) = N.S. For (C) = 0.14 For (I)(O)(C) = 0.28 

Yield per feddan (ton) 

LSD at 5 % for 2012 For (I) = N.S. For (O) = 1.15 For (C) = 0.82  For (I)(O)(C) = 2.11 
LSD at 5 % for 2013 For (I) = 2.45 For (O) = N.S. For (C) = 1.36 For (I)(O)(C) = 3.80 

 

As for plant and feddan yield of fruit of tomato and seed of cowpea Tables 5 and 6 it is 
clear that sole crop was significantly higher than any applied intercropping patterns in most 
cases. These reductions may be because of severe competition may occur between tomato and 
cowpea plants on sunlight, since the later one is shorter than the former one and shaded it and 
between cowpea plants themselves (intraspecific competition) which resulted in decreasing the 
production of photosynthates and consequently reflected on the yield components and 
decreased it (Abdelkader et al., 2012). 

The interaction between the three factors under study proved that the highest values of 
fruit yield/plant and per feddan in most cases were obtained when plants irrigated every one or 
two days interacted with 4 ton/ feddan compost and sole pattern of tomato plant (Tables 5 and 
6). While, in most cases the highest values in seed yield per cowpea plant were obtained by the 
interaction treatment of frequency irrigation every day and fertilized by 4 or 6 ton/feddan with 
intercropping pattern of 100: 100 compared to the other combinations under study. 
Furthermore, the interaction treatment of frequency irrigation every day and fertilized by 6 
ton/feddan with intercropping pattern of 100: 127.27 or sole crop recorded the highest values of 
seed yield per feddan of cowpea compared to the other combinations under study. 
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Table 6: Effect of irrigation intervals, organic rate, intercropping pattern and their interaction treatments yield per plant (g) 
and per feddan (ton) of cowpea plant during 2012 and 2013 seasons 

Irrigation 
intervals (I) 

Organic rate as 
Compost (O) 

(ton/fed.) 

Intercropping pattern 
(C) 

(Tomato: cowpea %) 

Yield per plant (g) 
Yield per feddan 

(ton) 

2012 2013 2012 2013 

Interaction effect between the three factors under study 

Daily 4 Sole cowpea 14.70 17.25 1.35 1.59 
Daily 4 100: 72.72 13.29 19.09 0.89 1.28 
Daily 4 100 : 100 12.40 12.72 1.14 1.17 
Daily 4 100: 127.27 8.79 11.29 1.03 1.32 
Daily 6 Sole cowpea 14.98 17.90 1.38 1.65 
Daily 6 100: 72.72 16.75 19.05 1.12 1.28 
Daily 6 100 : 100 11.40 14.89 1.05 1.37 
Daily 6 100: 127.27 12.31 12.77 1.44 1.49 

Every two days 4 Sole cowpea 17.37 14.55 1.60 1.34 
Every two days 4 100: 72.72 20.39 12.58 1.37 0.84 
Every two days 4 100 : 100 14.46 11.39 1.33 1.05 
Every two days 4 100: 127.27 12.86 8.80 1.50 1.03 

Every two days 6 Sole cowpea 17.90 14.91 1.65 1.37 
Every two days 6 100: 72.72 20.59 15.09 1.38 1.01 
Every two days 6 100 : 100 14.91 11.14 1.37 1.02 
Every two days 6 100: 127.27 12.90 10.16 1.51 1.19 

Mean effect of the three factors under study 
Daily 13.08 15.62 1.18 1.39 
Every two days 16.42 12.33 1.46 1.11 

4 (ton/fed.) 14.28 13.46 1.28 1.20 
6 (ton/fed.) 15.22 14.49 1.36 1.30 

Sole cowpea 16.24 16.15 1.49 1.49 
100: 72.72 17.75 16.45 1.19 1.10 
100 : 100 13.29 12.54 1.22 1.15 
100: 127.27 11.72 10.76 1.37 1.26 

Yield per plant (g) 

LSD at 5 % for 2012 For (I) = 1.33  For (O) = N.S. For (C) = 0.94 For (I)(O)(C) = 2.57 
LSD at 5 % for 2013 For (I) = 0.82 For (O) = 0.41 For (C) = 0.41 For (I)(O)(C) = 0.87 

Yield per feddan (ton) 

LSD at 5 % for 2012 For (I) = 0.12 For (O) = N.S. For (C) = 0.07 For (I)(O)(C) = 0.21 
LSD at 5 % for 2013 For (I) = 0.07 For (O) = 0.07 For (C) = 0.03 For (I)(O)(C) = 0.07 

 
Chemical constituents:  
 

The results presented in Table 7 shows that, vitamin C of tomato fruits was not 
significantly affected by irrigation treatments in the two seasons and a similar trend was 
observed with protein percentage in cowpea seeds in the second season only, but it was 
significantly increased by frequency irrigation every day in the first one. Moreover, in most 
cases organic fertilization as 4 ton/compost/ feddan gave significant increase in 
abovementioned chemical constituents of the two components in both seasons. Sole crop of 
tomato plant significantly increased vitamin C compared to the other intercropping patterns 
under study during the first and second seasons. However, protein percentage of cowpea seeds 
were significantly increased by using intercropping pattern treatment of 100: 127.27 compared 
to the other intercropping patterns under study in both seasons. 

The highest values in vitamin C of tomato fruits were obtained by the interaction 
treatment of frequency irrigation every two and one day and fertilized by 4 ton compost/feddan 
with sole tomato cropping pattern compared to the other combinations under study in the first 
and second seasons, respectively. Also, the interaction treatment of frequency irrigation every 
day and fertilized by 6 ton/feddan with intercropping pattern of 100: 127.27 significantly 
recorded the highest values of protein percentage of cowpea compared to the other 
combinations under study (Table 7).  
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Table 7: Effect of irrigation intervals, organic rate, intercropping pattern and their interaction treatments vitamin C 
               (mg/100 g juice) of tomato and protein percentage of cowpea seeds during 2012 and 2013 seasons 

Irrigation intervals 
(I) 

Organic rate 
as Compost 

(O) (ton/fed.) 

Intercropping pattern (C) 
(Tomato: cowpea %) 

Vitamin C of tomato 
fruits  

Protein percentage of 
cowpea seeds 

2012 2013 2012 2013 

Interaction effect between the three factors under study 

Daily 4 Sole crop 20.95 22.44 21.19 20.79 
Daily 4 100: 72.72 15.33 16.33 21.40 21.42 
Daily 4 100 : 100 14.44 15.50 21.23 21.33 
Daily 4 100: 127.27 14.22 14.67 21.44 21.48 
Daily 6 Sole crop 20.67 21.64 21.19 21.21 
Daily 6 100: 72.72 14.33 15.33 21.50 21.54 
Daily 6 100 : 100 13.78 17.33 21.48 21.52 
Daily 6 100: 127.27 13.67 13.67 21.69 21.67 

Every two days 4 Sole crop 21.22 19.97 21.29 21.33 
Every two days 4 100: 72.72 15.88 15.33 22.19 22.06 
Every two days 4 100 : 100 14.78 15.67 21.83 21.77 
Every two days 4 100: 127.27 13.89 15.00 22.94 22.42 
Every two days 6 Sole crop 19.76 19.42 21.21 20.98 
Every two days 6 100: 72.72 15.67 15.67 21.42 21.29 
Every two days 6 100 : 100 14.67 16.33 21.44 21.13 
Every two days 6 100: 127.27 14.89 14.67 21.54 21.52 

Mean effect of the three factors under study 
Daily 15.92 17.11 21.39 21.37 
Every two days 16.34 16.51 21.73 21.56  

4 (ton/fed.) 16.34 16.86 21.69 21.58 
6 (ton/fed.) 15.93 16.76 21.43 21.36 

Sole crop 20.65 20.87 21.22 21.08 
100: 72.72 15.30 15.67 21.62 21.58 
100 : 100 14.42 16.21 21.49 21.44 
100: 127.27 14.16 14.50 21.90 21.77 

Vitamin C of tomato fruits  

LSD at 5 % for 2012 For (I) = N.S. For (O) = N.S. For (C) = 0.62 For (I)(O)(C) = 1.50 
LSD at 5 % for 2013 For (I) = N.S. For (O) = N.S. For (C) = 0.74 For (I)(O)(C) = 2.55 

Protein percentage of cowpea seeds 

LSD at 5 % for 2012 For (I) = 0.11 For (O) = 0.06 For (C) = 0.11 For (I)(O)(C) = 0.20 
LSD at 5 % for 2013 For (I) = N.S.  For (O) = 0.09 For (C) = 0.10 For (I)(O)(C) = 0.22 

 
Competitive indices: 
 

The obtained data in Tables 8 and 9 demonstrate that, the land equivalent ratio (LER), 
area time equivalent ratio (ATER) and land utilization efficiency (LUE) values were greater for 
tomato and cowpea in mixture of (100: 127.27 pattern), there was an advantage of intercropping 
for exploiting the resources of the environment. Indeed, intercropping of tomato and cowpea at 
100: 72.72 and 100:100 patterns were more productive than growing them separately, as can be 
seen from the above mentioned values which were greater than 1.00. Results were true for all 
determined cases in both seasons. In this concern, Natarajan and Willey (1980) reported that the 
most commonly suggested reason for utilize growth resources rather differently, so that when 
grown together they "complementary" each other and make better overall use of resources than 
when grown alone. Moreover, Bantie et al. (2014) found that the intercropping of lupine with 
wheat, barley and finger millet recorded maximum LER and ATER (1.489 and 1.378). 

The maximum increases in LER, ATER and LUE were obtained from the interaction 
treatment of frequency irrigation every two days, 6 ton compost/feddan and 100: 127.27 pattern, 
in most cases, (1.84 and 1.72), (1.53 and 1.44) and (168.96 % and 158.25 %) compared with the 
other ones under study in the first and second season, respectively. This result suggest that it 
could obtain from one feddan by using this interaction treatment the same yield which would 
required about 1.84 or 1.72 feddan if each crop was cultivated alone. in another meaning, this 
treatment maximized land utilization efficiency to 168.96-158.25 %.  Irrigation treatments had  
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Table 8: Effect of irrigation intervals, organic rate, intercropping pattern and their interaction treatments on land equivalent 
ratio (LER) and area time equivalent ratio (ATER) during 2012 and 2013 seasons 

Irrigation 
intervals (I) 

Organic rate as 
Compost (O) 

(ton/fed.) 

Intercropping pattern 
(C) 

(Tomato: cowpea %) 

Land equivalent ratio 
(LER) 

Area time 
equivalent ratio 

(ATER) 

2012 2013 2012 2013 

Interaction effect between the three factors under study 
Daily 4 100: 72.72 1.69 1.62 1.44 1.38 
Daily 4 100 : 100 1.68 1.55 1.43 1.33 
Daily 4 100: 127.27 1.75 1.59 1.47 1.34 
Daily 6 100: 72.72 1.73 1.64 1.48 1.40 
Daily 6 100 : 100 1.49 1.71 1.29 1.46 
Daily 6 100: 127.27 1.62 1.64 1.35 1.42 

Every two days 4 100: 72.72 1.36 1.44 1.16 1.25 
Every two days 4 100 : 100 1.72 1.63 1.46 1.40 
Every two days 4 100: 127.27 1.41 1.62 1.19 1.39 
Every two days 6 100: 72.72 1.78 1.64 1.53 1.42 
Every two days 6 100 : 100 1.71 1.54 1.47 1.31 
Every two days 6 100: 127.27 1.84 1.72 1.53 1.44 

Mean effect of the three factors under study 
Daily 1.66 1.62 1.41 1.39 
Every two days 1.64 1.60 1.39 1.37  

4 (ton/fed.) 1.60 1.58 1.36 1.35 
6 (ton/fed.) 1.69 1.65 1.44 1.41 

100: 72.72 1.64 1.59 1.40 1.36 
100 : 100 1.65 1.61 1.41 1.37 
100: 127.27 1.66 1.64 1.38 1.40 

Land equivalent ratio (LER 

LSD at 5 % for 2012 For (I) = N.S.   For (O) = 0.076 For (C) = N.S. For (I)(O)(C) = 0.120  
LSD at 5 % for 2013 For (I) = N.S. For (O) = N.S. For (C) = N.S. For (I)(O)(C) = 0.142 

Area time equivalent ratio (ATER) 

LSD at 5 % for 2012 For (I) = N.S. For (O) = 0.056 For (C) = N.S. For (I)(O)(C) = 0.103  
LSD at 5 % for 2013 For (I) = N.S. For (O) = N.S. For (C) = N.S. For (I)(O)(C) = 0.136 

 
Table 9: Effect of irrigation intervals, organic rate, intercropping pattern and their interaction treatments on land utilization 

efficiency percentage (LUE %) during 2012 and 2013 seasons 

Irrigation 
intervals (I) 

Organic rate as 
Compost (O) 

(ton/fed.) 

Intercropping pattern (C) 
(Tomato: cowpea %) 

Land utilization efficiency percentage (LUE %) 

2012 season 2013 season 

Interaction effect between the three factors under study 
Daily 4 100: 72.72 156.61 150.37 
Daily 4 100 : 100 155.45 143.97 
Daily 4 100: 127.27 161.18 146.29 
Daily 6 100: 72.72 160.53 151.93 
Daily 6 100 : 100 139.12 158.89 
Daily 6 100: 127.27 148.49 152.94 

Two day 4 100: 72.72 126.35 134.72 
Two day 4 100 : 100 159.19 151.55 
Two day 4 100: 127.27 130.12 150.80 
Two day 6 100: 72.72 165.57 153.48 
Two day 6 100 : 100 159.09 142.40 
Two day 6 100: 127.27 168.96 158.25 

Mean effect of the three factors under study 
Daily 153.56 150.73 
Two day 151.55 148.53 

4 (ton/fed.) 148.15 146.29 
6 (ton/fed.) 156.96 152.98 

100: 72.72 152.27 147.63 
100 : 100 153.22 149.21 
100: 127.27 152.19 152.07 

LSD at 5 % for 2012 For (I) = N.S. For (O) = 6.460 For (C) = N.S. For (I)(O)(C) = 19.481 
LSD at 5 % for 2013 For (I) = N.S. For (O) = N.S. For (C) = N.S. For (I)(O)(C) = 22.300 
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no significant effect on LER, ATER and LUE in the two seasons. However, the rate of 6 ton 
compost per feddan significantly increased the abovementioned indices compared to 4 ton 
compost per feddan. 

It is known that an aggressivity value of zero indicates that the component crops are 
equally competitive. For any other situation, two crops will have the same numerical value by 
positive for the dominant crop and negative for the dominated one. The greater the numerical 
value, the larger the difference in competitive abilities. 

Concerning aggressivity values as shown in Table 10, it is clear that tomato component 
crop was the dominant, whereas cowpea was the dominated one. Also, the advantage of 
growing species (tomato and cowpea) in association depends primarily on the degree of inter-
crop versus intra-crop competition. Lower inter-crop comparison with intra-crop competition 
occurs when companion crops differ in their use of growth resources (for example water and 
nutrients). Such aggressivity reached to its maximum values (0.767 and 1.043) by using 
combination treatment of 100:127.27 intercropping pattern treatment, (0.487 and 0.590) with 
frequency irrigation every day without any significant difference between irrigation every two 
days  and (0.885 and 1.267) by using interaction treatment of daily irrigation, compost rate and 
100: 127.27 pattern in the first and second seasons, respectively. 

These results are in accordance with those found, regarding the effect of intercropping 
treatments on aggressivity (A) values, by El-Shamy et al. (2008) who found that sunflower 
component crop was the dominant, whereas guar was the dominated one.   
Consulting the available literature, there was no information concerning the effect of interaction 
treatments between irrigation frequency, compost rate and intercropping patterns on 
competitive indices of dill and fenugreek plants. 
 
Table 10: Effect of irrigation intervals, organic rate, intercropping pattern and their interaction treatments on aggressivity 

values of tomato and cowpea plants during 2012 and 2013 seasons 

Irrigation 
intervals (I) 

Organic rate 
as Compost 

(O) (ton/fed.) 

Intercropping pattern (C) 
(Tomato: cowpea %) 

Aggressivity values of 
tomato (Atc) 

Aggressivity values of 
cowpea (Act) 

2012 2013 2012 2013 

Interaction effect between the three factors under study 
Daily 4 100: 72.72 + 0.499 + 0.520 - 0.499 - 0.520 
Daily 4 100 : 100 + 0.015 + 0.075 - 0.015 - 0.075 
Daily 4 100: 127.27 + 0.885 + 0.987 - 0.885 - 0.987 
Daily 6 100: 72.72 + 0.624 + 0.647 - 0.624 - 0.647 
Daily 6 100 : 100 + 0.212 + 0.050 - 0.212 - 0.050 
Daily 6 100: 127.27 + 0.692 + 1.264 - 0.692 - 1.264 

Every two days 4 100: 72.72 + 0.495 + 0.751 - 0.495 - 0.751 
Every two days 4 100 : 100 + 0.031 + 0.066 - 0.031 - 0.066 
Every two days 4 100: 127.27 + 0.711 + 1.103 - 0.711 - 1.103 
Every two days 6 100: 72.72 + 0.008 + 0.798 - 0.008 - 0.798 
Every two days 6 100 : 100 + 0.125 + 0.042 - 0.125 - 0.042 
Every two days 6 100: 127.27 + 0.782 + 0.819 - 0.782 - 0.819 

Mean effect of the three factors under study 
Daily + 0.487 + 0.590 - 0.487 - 0.590 
Every two days + 0.359 + 0.596 - 0.359 - 0.596 

4 (ton/fed.) + 0.439 + 0.584 - 0.439 - 0.584 
6 (ton/fed.)    + 0.407 + 0.603 - 0.407 - 0.603 

100: 72.72 + 0.406 + 0.679 - 0.406 - 0.679 
100 : 100 + 0.096 + 0.058 - 0.096 - 0.058 
100: 127.27 + 0.767 + 1.043 - 0.767 - 1.043 

LSD at 5 % for 2012 For (I) = N.S. For (O) = N.S. For (C) = 0.105 For (I)(O)(C) = 0.254 

LSD at 5 % for 2013 For (I) = N.S. For (O) = N.S. For (C) = 0.123 For (I)(O)(C) = 0.244 
 

Conclusion 

 
The above mentioned results demonstrate that intercropping advantage indices (LER, 

ATER and LUE%) supported using interaction treatment of frequency irrigation every two days, 
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6 ton compost/feddan and 100: 127.27 pattern (tomato: cowpea association) to more 
advantageous than other treatments and seems promising in the development of sustainable both 
crops production with a limited use of external inputs. Also, this treatment seems to save water 
consumption compared to the other interaction treatments and maximizing land production under 
North Sinai Governorate conditions. 
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