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ABSTRACT 

 

Two field experiments were conducted at 

Nubaria Agric. Res. Station during 2003 and 2004 

seasons. The objective of this investigation aimed 

to study the effect of irrigation intervals (irrigation 

every 14 and 28 days) and six intercropping pat-

terns: (1) Pure stand of soybean (sown in hills 10 

cm distance apart on each side of the ridge and 

thinned at two plants/hill). (2) Pure stand of sun-

flower (sown in hills 30 cm distance on side of the 

ridge and thinned at one plant/hill). (3) Soybean 

sown on one side of the ridge and sunflower sown 

on the other side of the ridge (100% soy-

bean+100% sunflower). (4) Soybean sown in 2:2 

rows with sunflower. (5) Soybean sown in 2:4 

rows with sunflower. (6) Soybean sown in 4:2 

rows with sunflower on yield and its components 

of both crops, as well as the competitive relation-

ships. A split plot in complete randomize design 

with four replicates was used. The results indicat-

ed that Irrigation intervals had significant effects 

on soybean plant height, number of pods/plant, 

seed yield/fad. and seed oil percentage of soybean 

plants. Intercropping patterns had significant ef-

fects on all studied traits, except oil and protein 

content percentages in the two seasons. The high-

est seed yield/fad. was obtained by irrigation every 

14 days and sowing soybean in pure stand. Pure 

stand gave higher seed yield of soybean than that 

of all intercropping patterns. Irrigation intervals 

had significant effects on sunflower plant height, 

number of leaves/plant, seed yield/plant and seed 

yield/fad. of sunflower plants in the two seasons. 

Also, intercropping patterns had significant effects 

on all studied traits in the two seasons. Pure stand 

of sunflower gave higher seed yield/fad. than all 

intercropping patterns. The highest seed yields of 

sunflower and soybean were obtained by irrigation 

every 14 days and pure stands in the two seasons. 

The results indicated that land equivalent ratios 

(LER) of soybean and sunflower values were more 

than one. Moreover, it could be concluded that 

soybean and sunflower sown at pure stands with 

irrigation every 14 days can be recommended for 

raising soybean and sunflower productivity as 

compared with all intercropping patterns under the 

condition of Nubaria region. Also, sunflower was 

always the dominant crop, whereas soybean was 

dominated. 

 

INTRODUCTION 

 

Intercropping is a cultivation practices to in-

crease the productivity per unit area. Soybean and 

sunflower crops are commonly suggested as desir-

able intercrop species because of their different 

growth habits and sowing spacing which allow 

full utilization of the environment with minimum 

competition for light. Garcia and Pinchinat 

(1976) found that intercropped planting as (100% 

maize + 50% soybean and 100% soybean + 50% 

maize) did not reduce crop yield (maize and soy-

bean yields), but planting as (100% soybean + 

100% maize) recorded the highest maize and soy-

bean yields. Beets (1977) reported that intercrop-

ping maize with soybean in different arrange-

ments, i.e. 100% + 0%, 75% + 25%, 50% + 50%, 

25% + 75% and 0% + 100% of maize : soybean 

reduced the grain and seed yields of both crops. 

Moallem (1979) noted that soybean yield was 

0.58 t/ha when intercropped with maize. Mohta 

and Rde (1980) found that seed yield of soybean, 
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when intercropped, was less than that as a solid 

crop. The combined seed-grain yield of the two 

crops in the intercrop was more than the individual 

components. Tetiokagho (1988) found that soy-

bean yield decreased with the increase of maize 

density. Galal and Metwally (1982) mentioned 

that intercropping corn and soybean reduced seed 

yield by 40% less than under monoculture. Um-

rani et al (1987) showed that intercropping sun-

flower and pigeonpea at 2:1 row ratio gave highest 

seed yield and land equivalent ratio. Abdel-

Gawad et al (1989a) found that highest soybean 

seed yield/fad. was obtained by planting sunflower 

with soybean at 30 cm ridge width with 3:3 inter-

cropping pattern. Abdel-Gawad et al (1989b& c), 

Ujjinaiah et al (1990) and Dhingra et al (1991) 
found that maize gave higher yield in intercrop. 

Average yield of maize over 4 years was highest 

(3.69 t/ha) when grown in alternate row with 

mungbean. Pal et al (1991) found that seed yields 

of sunflower and soybean were reduced by inter-

cropping with grain sorghum. Gode and Bobde 

(1993) found that seed yield of soybean was 1.66 

t/ha when grown alone and 0.35-0.58 t/ha when 

intercropped with sorghum. Varughese and 

Iruthayaraj (1996) showed that grain yield of 

maize was unaffected by cropping system, except 

in Kharif (monsoon) of 1989 when it was highest 

with intercropping at 2:2 row ratio. Assey et al 

(1983) found that increasing the cropped soybean 

density from 40 to 120 thousand plants/fad. did 

not reflect any significant difference respecting 

land equivalent ratio and aggressivity of maize and 

soybean. Shafshak et al (1986) found that land 

equivalent ratio (LER) increased with increasing 

plant density by intercropping sunflower with 

soybean. Zamar and Giastiani (1997) found that 

land equivalent ratio reached 1.09 and 1.11 in the 

1st and 2nd years, respectively. Nagavani et al 

(1997) found that sunflower seed yield was high-

est (2329 kg/ha) from irrigation at 1.0 irrigation 

water : cumulative pan evaporation and applica-

tion of 100 kg N. Rajashekher and Reddy (1997) 

showed that seed yield of sunflower was lowest 

with basin irrigation and highest with irrigation to 

broad beds and furrows. Shahid Rafiq et al 

(1998) found that seed yield, seed oil contents and 

values of yield components of sunflower were 

highest with 8 irrigations at 7 day intervals be-

tween 14 and 63 days after sowing. Chavan et al 

(1998) found that irrigation every 10 days to crop 

sown on 31 January produced the highest soybean 

seed yield of 2.17 t/ha. Deolankar and Mogal 

(1998) noticed that seed yield of soybean was 

highest with 37.5: 75 kg N : P2O5 (1.98 t/ha) and 

was similar with irrigation at cumulative pan 

evaporation (CPE) of 75 (1.84 t/ha) or 100 mm 

(1.74 t/ha) or at critical growth stages (1.75 t/ha) 

which was significantly higher than irrigation at 

CPE of 125 mm (1.6 t/ha). Fernandes et al (1998) 

found that the treatments with the greatest fre-

quency of irrigation and a depletion of 45% of 

available water showed highest grain yield. The 

greatest water use by soybeans was in the treat-

ments that presented the smallest interval between 

irrigations. Waills et al (1997) found that deep 

tillage or the use of permanent beds did not affect 

soybean yield. Also, the combination of disc 

ploughing and furrow irrigation was successful. 

Yadav and Kumar (1998) noticed that intercrop-

ping mulberries with soybeans or V. radiate pro-

duced 40% higher overall yields and the best eco-

nomic returns were obtained by growing crops in a 

1:2 arrangement, i.e., 2 rows of mulberries be-

tween rows of soybeans or V. radiate. 

 Thus, this work was designated to study the 

effect of irrigation intervals and intercropping sys-

tems on yield and its attributes, seed oil and seed 

protein of soybean and sunflower seeds and the 

competitive relations of the two crops at the newly 

reclaimed land of Nubaria region. 
 

MATERIALS AND METHODS 
 

Two field experiments were carried out at 

Nubaria Agric. Res. Station during the two suc-

cessive growing seasons of 2003 and 2004. The 

major objective of this study was to investigate the 

effect of two irrigation intervals and six planting 

patterns on yield and its components, seed oil con-

tent, seed protein content of soybean and sunflow-

er plant and their competitive relations. 

 Each experiment included 12 treatments which 

were the combination between six planting pat-

terns and two irrigation interval treatments. 

A. The irrigation interval treatments were as fol-

lows: 

1. Irrigation every 14 days. 

2. Irrigation every 28 days. 

B. The planting patterns were as follows: 

1. Soybean was sown on one side of the ridge 

in hills 10 cm apart and thinned at two 

plants/hill and sunflower was sown on the 

other side of the ridge (100% soybean + 

100% sunflower). 

2. Soybean was sown at 2:2 rows ratio with 

sunflower. 

3. Soybean was sown at 2:4 rows ratio with 

sunflower. 
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4. Soybean was sown at 4:2 rows ratio with 

sunflower. 

5. Soybean in solid stand was sown in hills 10 

cm apart and thinned at two plants/hill as 

the monoculture checks. 

6. Sunflower in solid stand was sown in hills 

30 cm apart on one side of the ridge. 

Soil samples were collected from the experi-

mental site for mechanical and chemical analysis. 

Results of the analysis are presented in Table (1). 

A split plot in complete randomized block de-

sign with four replications was used. The two irri-

gation interval treatments occupied the main plots. 

The six planting patterns were arranged randomly 

in the sub-plots. The plot area was 19.2 m2 and 

included eight ridges 60 cm apart each 4 m lenth. 

Majac sunflower variety and Crawford as early 

soybean cultivar from IV Group was used. Soy-

bean was sown on May 25th in the first season and 

on May 30th in the second season. Whereas, sun-

flower was sown in June 16th in the first season 

and on June 22nd in the second season. Soybean 

seeds were mixed at sowing with the recommend-

ed soybean inoculation. Plants were thinned to two 

plants/hill. Also, sunflower was thinned to one 

plant/hill after 18 days from sowing. Other cultur-

al practices were carried out as recommended. 

 

Table 1. Mechanical and chemical analyses of the 

soil at the experimental site 

 

Soil properties 
Seasons 

2003 2004 

Soil particles (%) 

      Sand 

      Silt 

      Clay 

Soil texture 

 

Chemical analysis 

     Total N (%) 

     Available N (ppm) 

     Available P (ppm) 

     Available K (ppm) 

     pH 

     E.C. (mmhos/cm) 

     O.M. (%) 

     CaCO3 (%) 

 

52.9 

21.8 

25.3 

Sand clay  

loam 

 

0.046 

26.30 

9.68 

425.0 

8.2 

2.21 

0.16 

22.9 

 

53.3 

20.8 

25.9 

Sand clay 

loam 

 

0.051 

26.60 

8.40 

403.0 

8.1 

1.95 

0.18 

22.5 

 

At harvest, 10 plants were randomly selected 

from the middle ridges of each plot of soybean 

plants to measure plant height (cm), number of 

pods/plant, 100-seed weight (g) and seed 

yield/plant (g). Seed yield per faddan was estimat-

ed from the whole plot. Also, at harvest, 10 plants 

were randomly taken from the middle ridges of 

each plot of sunflower plants to measure plant 

height (cm), number of leaves/plant, stem diame-

ter (cm), head diameter (cm), 100-seed weight (g) 

and seed yield/plant (g). Seed yield per faddan was 

estimated from the whole plot. Oil content of soy-

bean and sunflower seeds was determined by 

Soxhlet apparatus on dry weight basis as described 

by Sorenson (1947). Protein content was deter-

mined as total nitrogen by micro-Kjeldahl method 

according to A.O.A.C. (1970), then ultiplied by 

6.28 (Tripathi et al 1971) to obtain protein con-

tent in soybean seads. 

 

The following competitive relations were estimat-

ed 

 

1. Land equivalent ratio (LER): It was deter-

mined according to De Wit and Den Bergh 

(1965) equation as follows: 

L Soybean = 
ycc

 ycs      L Sunflower = 
yss

ysc   

LER = L Soybean + L Sunflower 

 

2. Relative crowding coefficient (RCC): It was 

determined according to De Wit and Hall (1974) 

equation as follows: 

Kab soybean = 
Zab ycs) (ycc -

Zba x  ycs 
 

Kba sunflower = 
Zab ysc)  -(yss

Zba x ysc  
 

RCC = Kab x Kba 

 

3. Aggressivity (A): It was determined according 

to McGilchrist (1965) formula as follows: 

ACS = 
 x Zab

 

ycc

 ycs  - 
 x Zba

 

yss

 ysc  

ASC = 
 x Zba

 

yss

 ysc  - 
 x Zab

 

ycc

 ycs
 

where   

ycs = intercrop yield of soybean in combina-

tion with sunflower 

ycc = pure stand yield of soybean 

ysc = intercrop yield of sunflower in combina-

tion with soybean 
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 yss = pure stand yield of sunflower 

Zba = sown proportion of species b (in combi-

nation with a) 

Zab = sown proportion of species a (in combi-

nation with b) 

ACS = aggressivity of soybean 

ASC = aggressivity of sunflower 

 

 The collected data were statistically analyzed 

according to Snedecor and Cochran (1967). 

 

RESULTS AND DISCUSSION 

 

A. Soybean 

 

1. Effect of irrigation intervals 

 

The results presented in Tables (2 and 3) indi-

cated that irrigation intervals had significant ef-

fects on plant height, number of pods/plant, seed 

yield/fad. and seed oil percentage in the two sea-

sons, whereas, the effect on 100 seeds weight, 

seed yield/plant and seed protein percentage was 

not significant. These results revealed that irriga-

tion every 14 days gave higher values for all stud-

ied traits. 

Higher values for plant height, number of 

pods/plant, seed yield/fad. and seed oil content 

were obtained from irrigation every 14 days com-

pared to irrigation every 28 days in both seasons. 

Soybean yields of the 14 days irrigation interval 

were 11.7 and 20% higher than those of the 28 

days interval for the 1st and 2nd growing seasons, 

respectively. The significant yield reduction could 

be due to water stress during the long interval be-

tween irrigations. Similar results were reported by 

Chavan et al (1998), Deolankar and Mogal 

(1998), Fernandes et al (1998) and Willis et al 

(1998). 

 

2. Effect of intercropping patterns 

 

The results presented in Tables (2 and 3) indi-

cated that intercropping patterns had significant 

effects on plant height, number of pods/plant, 100-

seed weight, seed yield/plant and seed yield/fad. in 

the two seasons. The pure stand gave the highest 

values for all studied traits as compared to the 

intercropping patterns, except in cases of oil and 

protein percentages in the two growing season. 

The obtained results could be due to higher com-

petition between soybean and sunflower for light, 

water and nutrition elements. 

The results presented in Table (2) indicated 

that significant differences were found for plant 

height and seed yield/fad. when soybean was sown 

on one side of the ridge and sunflower on the other 

side (100% soybean + 100% sunflower) and 2:4 

rows of soybean and sunflower, respectively. Al-

so, significant differences were found when soy-

bean was sown on one side of the ridge and sun-

flower on the other side (100% soybean + 100% 

sunflower) and 2:2 rows (soybean : sunflower) for 

plant height in the two seasons. Similar results 

were also reported by Assey et al (1983), Abdel-

Gawad et al (1989b) and Dhingra et al (1991). 

The data also showed significant differences 

between pure stand and all intercropping patterns 

for number of pods/plant, 100-seed weight and 

seed yield/plant. Whereas, no significant effect 

was observed among all intercropping patterns on 

seed oil and seed protein percentages. 

The results presented in Table (3) showed that 

intercropping patterns had significant effect on 

seed yield/fad. and insignificant effect on oil and 

protein content in the two seasons. The pure stand 

gave higher yield than that of intercropping pat-

terns in the two seasons. It was clear that sowing 4 

rows soybean : 2 rows sunflower gave the highest 

yield compared to other intercropping patterns. 

The obtained results could be due to higher com-

petition between soybean and sunflower for light, 

water and nutrition elements. The obtained yields 

were higher 97.7, 35.9 and 16.2% in the first sea-

son and 98.0, 37.5 and 20.4% in the second season 

than average seed yield/fad. of the 2:4, 2:2 and 

100%+100% intercropping patterns, respectively. 

Similar results were also reported by Zamar and 

Giambastiani (1997), Assey et al (1983), Umrani 

et al (1987) and Abdel-Gawad et al (1989b). 

 

3. Interaction effects 

 

The results presented in Tables (4 and 5) re-

vealed that the interaction between irrigation in-

tervals and intercropping patterns had significant 

effects on plant height, number of pods/plant, seed 

yield/plant and seed yield/fad. in the two seasons. 

The highest seed yield/fad. was obtained by ir-

rigated soybean pure stand every 14 or 28 days in 

the two seasons. The highest values of plant 

height, number of pods/plant, seed yield/plant and 

seed yield/fad. were obtained by soybean pure 

stand with irrigation every 14 days in both sea-

sons. The obtained results may be due to higher 

competition between soybean and sunflower for 
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Table 2. Mean values of plant height, number of pods/plant, 100-seed weight and seed yield/plant 

of soybean plants as affected by irrigation intervals and intercropping patterns in 2003 

and 2004 seasons 

 

Treatments 

Plant height 

(cm) 

Number of pods 

/plant 

100-seed 

weight 

(g) 

Seed yield 

/plant 

(g) 

2003 2004 2003 2004 2003 2004 2003 2004 

I14 

I28 

L.S.D0.05 

77.25 

72.16 

4.11 

78.01 

71.00 

4.94 

35.53 

30.52 

3.11 

37.28 

30.52 

4.32 

17.45 

17.25 

N.S 

17.90 

16.89 

N.S 

7.75 

6.98 

N.S 

7.62 

7.13 

N.S 

Intercropping patterns 

100% + 100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

L.S.D0.05 

59.65 

75.20 

69.62 

67.60 

96.43 

7.78 

62.75 

75.47 

72.75 

67.55 

94.00 

9.32 

28.46 

27.65 

27.70 

28.39 

52.93 

6.03 

28.34 

28.66 

27.63 

29.45 

55.22 

8.39 

16.44 

17.27 

17.18 

17.08 

17.99 

0.95 

16.76 

17.43 

17.30 

17.16 

18.32 

1.03 

6.42 

6.56 

6.36 

6.18 

11.31 

2.93 

6.23 

6.29 

6.18 

6.98 

11.20 

2.76 
 

I14 = irrigation every 14 days. 

I28 = irrigation every 28 days. 

 

 

Table 3. Mean values of seed yield/faddan, seed oil percentage and seed protein percentage 

of soybean plants as affected by irrigation intervals and intercropping patterns in 

2003 and 2004 seasons 

 

Treatments 

Seed yield 

/faddan 

(kg) 

Seed oil  

 (%) 

Seed protein 

 (%) 

2003 2004 2003 2004 2003 2004 

I14 

I28 

L.S.D0.05 

783.52 

701.50 

46.34 

735.76 

623.60 

66.73 

19.30 

18.07 

0.56 

19.18 

18.07 

0.66 

39.86 

38.97 

NS 

40.02 

39.38 

NS 

Intercropping systems 

100% + 100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

L.S.D0.05 

710.75 

607.75 

417.85 

825.90 

1150.30 

83.68 

636.00 

556.95 

386.85 

765.90 

1052.70 

91.39 

18.32 

19.26 

18.96 

18.01 

18.78 

NS 

18.44 

18.51 

18.74 

18.38 

19.04 

NS 

39.05 

39.58 

39.06 

39.99 

39.39 

NS 

39.89 

39.22 

39.19 

39.94 

40.25 

NS 

 

I14 = irrigation every 14 days. 

I28 = irrigation every 28 days. 
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Table 4. Average plant height, number of pods/plant and seed yield/plant of soybean plants 

as affected by the interaction between irrigation intervals and intercropping pat-

terns in 2003 and 2004 seasons 

 

Irrigation 

interval 

Intercropping 

systems 

Plant height 

(cm) 

Number of 

pods/plant 

Seed yield 

/plant 

(g) 

2003 2004 2003 2004 2003 2004 

I14 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

60.14 

77.13 

70.12 

66.73 

102.13 

63.28 

80.17 

75.66 

70.19 

100.77 

30.59 

32.17 

30.01 

28.17 

56.73 

31.75 

30.19 

29.80 

30.73 

63.91 

6.83 

6.82 

6.51 

6.17 

12.45 

6.32 

6.41 

6.35 

6.99 

12.05 

I28 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

59.17 

73.28 

69.13 

68.47 

90.74 

62.23 

70.78 

69.85 

64.91 

87.23 

26.33 

23.14 

25.39 

28.62 

49.13 

25.33 

27.13 

25.46 

28.17 

46.53 

6.01 

6.31 

6.21 

6.20 

10.17 

6.14 

6.18 

6.01 

6.98 

10.35 

L.S.D0.05 
11.94 13.85 9.50 11.29 3.45 3.68 

 

 

Table 5. Average seed yield/faddan of soybean plants as affected by interac-

tion between irrigation intervals and intercropping patterns in 2003 

and 2004 seasons 

 

Irrigation interval Intercropping systems 

Seed yield/faddan 

(kg) 

2003 2004 

I14 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

751.10 

614.70 

430.60 

870.90 

1250.30 

681.70 

613.00 

423.60 

839.90 

1120.60 

I28 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

750.40 

600.80 

405.10 

780.90 

1050.30 

590.30 

500.90 

350.10 

691.90 

984.80 

L.S.D0.05 114.95 123.39 
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light, water and nutritive elements in both seasons. 

It is clear from Tables (4 and 5) data that differ-

ences between the intercropping patterns (100% 

soybean : 100% sunflower), (2:2), (2:4) and (4:2) 

on number of pods/plant, 100 seeds weight and 

seed yield/plant were not significant in both sea-

sons under the two irrigation intervals. The ob-

tained results may be due to higher competition 

between soybean and sunflower for light, water 

and nutritive elements in both seasons. Similar 

results were reported by Chavan et al (1998), 

Deolankar and Mogal (1998) and Shahid Rafiq 

et al (1998). 

In respect to the significant effect of this inter-

action on seed yield/fad., results showed no signif-

icant differences among the following two inter-

cropping patterns 100% soybean : 100% sunflow-

er and the 4:2 under the 28 days irrigation interval 

but this was not the case with the 14 days irriga-

tion interval. 

 

B. Sunflower 

 

1. Effect of irrigation intervals 

 

The results presented in Tables (6 and 7) indi-

cated that irrigation intervals had significant ef-

fects on plant height, number of leaves/plant, seed 

yield/plant and seed yield/fad. in the two seasons. 

Results revealed that irrigation every 14 days gave 

higher values of plant height, number of leaves/ 

plant, seed yield/plant and seed yield/fad. in the 

two seasons. Whereas, no significant effect was 

found in cases of stem diameter, head diameter, 

100-seed weight and seed oil percentage in the 

two seasons. The resulted seed yields/fad. from 

irrigation every 14 days interval were 26.7 and 

19.2% higher than seed yield/fad. of the 28 days 

interval in the first and second seasons, respective-

ly. Similar results were reported by Nagavani et 

al (1997), Rajashekher and Reddy (1997) and 

Shahid Rafiq et al (1998). 

 

2. Effect of intercropping patterns 

 

The results presented in Tables (6 and 7) 

showed that all studied traits were significantly 

affected by the intercropping patterns in the two 

seasons. The pure stand gave the highest values 

for all studied traits compared to the intercropping 

patterns in the two seasons.  

The results showed no significant effects 

among almost intercropping patterns on plant 

height, number of leaves/plant, stem diameter, 

head diameter, 100-seed weight and seed 

yield/plant in the two seasons. The pure stand 

gave the highest value of plant height, number of 

leaves/plant, stem and head diameters, 100-seed 

weight, seed yield/plant and seed yield/fad. as 

compared to the intercropping patterns in both 

seasons. These increases could be due to the com-

petition between soybean and sunflower plants on 

light, water and nutritive elements. 

It was clear from Table (7) that seed yield/fad. 

of pure stand recorded the highest values and there 

were significant differences between pure stand 

and all intercropping patterns in the two seasons. 

Also, there were significant differences among all 

intercropping patterns in the two seasons. Moreo-

ver, significant effect of intercropping patterns on 

oil percentage was found in the two growing sea-

son. 

Similar results were reported by Garcia and 

Pinchinat (1976), Assey et al (1983), Umrani et 

al (1987), Abdel-Gawad et al (1989a) and Var-

ughese and Iruthayaraj (1996). 
 

3. Interaction effect 
 

Results in Tables (8 and 9) revealed that the 

interaction between irrigation intervals and inter-

cropping patterns had significant effects on all 

studied traits, except the stem and head diameters 

and oil seed percentages in the two seasons. The 

highest seed yield/fad. was obtained by sowing 

sunflower in pure stand and irrigated every 14 

days. Results showed that the seed yield/fad. of 

the two intercropping patterns, i.e., 100% soybean 

+ 100% sunflower and the 2:2 were not the same 

under the two irrigation intervals. The highest val-

ues of plant height, number of leaves/plant, 100-

seed weight and seed yield/plant were obtained by 

sowing sunflower in pure stand and irrigated every 

14 days in both seasons. The obtained results may 

be due to higher competition between soybean and 

sunflower for light, water and nutritive elements in 

both seasons. Similar results were reported by 

Abdel-Gawad et al (1989b) and Dhingra et al 

(1991). 
 

C. Competitive relations 
 

1. Land equivalent ratio (LER) 
 

Results presented in Table (10) show the ef-

fect of intercropping soybean with sunflower on 

land equivalent ratio (LER). Land equivalent ratio 

(LER) values were greater than one by intercrop-

ping soybean with sunflower in the two seasons. 
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 Table 6. Average plant height, number of leaves/plant, stem diameter and head diameter of sun-

flower plants as affected by irrigation intervals and intercropping patterns in 2003 and 

2004 seasons 

 

Treatments 

Plant  

height 

(cm) 

Number of 

leaves/plant 

Stem 

diameter 

(cm) 

Head 

diameter 

(cm) 

2003 2004 2003 2004 2003 2004 2003 2004 

Irrigation interval 

I14 

I28 

L.S.D0.05 

165.78 

154.60 

8.39 

174.19 

158.92 

10.77 

24.86 

20.97 

2.18 

25.95 

20.83 

3.95 

2.07 

1.82 

NS 

1.99 

1.79 

NS 

18.98 

17.28 

NS 

17.96 

16.93 

NS 

Intercropping patterns 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand  

L.S.D0.05 

154.71 

159.23 

161.82 

154.90 

170.31 

13.76 

160.27 

165.57 

169.35 

161.22 

176.38 

14.02 

19.48 

20.93 

23.50 

21.44 

29.22 

6.79 

20.87 

22.98 

23.29 

21.77 

27.55 

5.02 

1.78 

1.87 

1.97 

1.87 

2.24 

0.27 

1.66 

1.81 

1.93 

1.75 

2.29 

0.46 

16.73 

17.55 

18.59 

16.74 

21.04 

3.85 

15.41 

16.53 

18.53 

16.12 

20.70 

2.11 

 

 

 

Table 7. Average values of 100-seed weight, seed yield/plant, seed yield/fad. and seed oil content 

of sunflower plants as affected by irrigation intervals and intercropping patterns in 2003 

and 2004 seasons 

 

Treatments 

100-seed  

weight 

(g) 

Seed yield 

/plant 

(g) 

Seed yield 

/faddan 

(kg) 

Seed oil 

content 

(%) 

2003 2004 2003 2004 2003 2004 2003 2004 

Irrigation interval 

I14 

I28 

L.S.D0.05 

6.59 

6.29 

NS 

6.93 

6.09 

NS 

55.09 

47.65 

2.54 

48.02 

42.53 

3.34 

686.74 

541.88 

57.29 

705.05 

591.27 

49.36 

40.82 

40.11 

NS 

40.03 

39.96 

NS 

Intercropping patterns 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

L.S.D0.05 

5.20 

6.06 

6.79 

5.97 

8.17 

1.13 

5.70 

6.26 

6.98 

6.17 

7.44 

1.03 

47.13 

49.45 

51.41 

47.43 

61.46 

5.18 

39.98 

43.87 

47.03 

40.37 

55.15 

7.44 

520.50 

591.11 

764.55 

375.49 

869.89 

68.73 

568.93 

640.70 

714.55 

394.96 

906.58 

64.36 

39.98 

39.97 

40.41 

40.76 

41.21 

0.83 

40.12 

40.01 

39.76 

40.43 

39.65 

0.42 
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Table 8. Average values of plant height, number of leaves/plant, stem diameter and head diameter of 

sunflower plants as affected by interaction between irrigation intervals and intercropping 

systems in 2003 and 2004 seasons 

 

Irrigation  

interval 

Intercropping  

systems 

Plant  

height 

(cm) 

Number of  

leaves/plant 

Stem diameter 

(cm) 

Head 

diameter 

(cm) 

2003 2004 2003 2004 2003 2004 2003 2004 

I14 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand  

160.31 

164.53 

167.78 

159.48 

176.84 

169.31 

174.83 

175.29 

168.11 

183.45 

20.33 

21.68 

25.73 

23.96 

32.61 

22.61 

25.84 

25.63 

23.78 

31.92 

1.84 

2.00 

2.11 

1.96 

2.45 

1.67 

1.93 

2.09 

1.87 

2.39 

17.63 

18.36 

19.75 

16.83 

22.33 

15.84 

16.75 

19.19 

16.48 

21.57 

I28 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand  

149.11 

153.94 

155.86 

150.32 

163.79 

151.24 

156.32 

163.42 

154.33 

169.32 

18.64 

20.18 

21.27 

18.93 

25.84 

19.13 

20.12 

20.96 

19.76 

23.19 

1.73 

1.75 

1.84 

1.78 

2.03 

1.65 

1.70 

1.77 

1.64 

2.19 

15.83 

16.75 

17.44 

16.66 

19.76 

14.99 

16.32 

17.87 

15.76 

19.84 

L.S.D0.05 17.29 16.49 8.74 7.10 N.S N.S N.S N.S 

 

 

 

 

Table 9. Average values of 100-seed weight, seed yield/plant, seed yield/faddan and seed oil percent-

age of sunflower plants as affected by interaction between irrigation intervals and intercrop-

ping systems in 2003 and 2004 seasons 

 

Irrigation  

interval 

Intercropping  

systems 

100-seed 

weight 

(g) 

Seed yield 

/plant 

(g) 

Seed yield 

/faddan 

(kg) 

Seed oil 

 (%) 

2003 2004 2003 2004 2003 2004 2003 2004 

I14 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

5.17 

6.12 

6.93 

6.01 

8.73 

6.12 

6.53 

7.64 

6.33 

8.05 

49.51 

52.13 

55.76 

51.30 

66.78 

40.31 

46.76 

49.32 

42.56 

61.18 

590.31 

680.29 

812.75 

400.79 

949.57 

620.56 

693.14 

778.96 

432.45 

1000.18 

39.78 

40.18 

41.65 

40.87 

41.65 

39.85 

40.18 

39.75 

40.19 

40.19 

I28 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

Pure stand 

5.23 

6.01 

6.66 

5.94 

7.61 

5.19 

5.99 

6.33 

6.01 

6.84 

44.75 

46.78 

47.06 

43.56 

56.14 

39.65 

40.98 

44.75 

38.18 

49.12 

450.70 

501.94 

616.35 

350.19 

790.22 

517.31 

588.27 

680.33 

357.48 

812.99 

40.18 

39.76 

39.18 

40.65 

40.78 

40.39 

39.85 

39.78 

40.68 

39.11 

L.S.D0.05 2.01 2.13 8.23 9.65 84.56 93.56 NS NS 
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Table 10. Effect of irrigation intervals and intercropping patterns on land equivalent ratio (LER), 

relative crowding coefficient (RCC) and aggressivity of soybean and sunflower yields in 

2003 and 2004 seasons 

 

Irrigation 

intervals 

Nitrogen 

levels 

(kg/fed.) 

LER RCC 
Aggressivity 

2003 2004 

2003 2004 2003 2004 ASC ACS ASC ACS 

I14 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

1.22 

1.20 

1.19 

1.11 

1.23 

1.22 

1.16 

1.18 

2.46 

1.69 

3.68 

1.67 

2.53 

2.37 

2.13 

2.39 

0.02 

0.23 

0.24 

0.24 

-0.02 

-0.23 

-0.24 

-0.24 

0.02 

0.14 

0.02 

0.19 

-0.02 

-0.14 

-0.02 

-0.19 

Mean 1.18 1.20 2.37 2.35 0.18 -0.18 0.09 -0.09 

I28 

100%+100% 

2 : 2 

2 : 4 

4 : 2 

1.26 

1.20 

1.16 

1.18 

1.23 

1.23 

1.19 

1.14 

3.42 

1.76 

2.22 

2.30 

2.62 

2.70 

2.87 

1.84 

0.14 

0.06 

0.01 

0.24 

-0.14 

-0.06 

-0.01 

-0.24 

0.04 

0.21 

0.17 

0.28 

-0.04 

-0.21 

-0.17 

-0.28 

Mean 1.20 1.20 2.42 2.51 0.11 -0.11 0.17 -0.17 

 
It is clear that the actual productivity was higher 

than expected productivity. Intercropping soybean 

with sunflower (100% + 100%) and irrigation eve-

ry 28 days gave highest value of LER was (1.22 

and 1.23) in the two seasons, respectively as com-

pared to 4:2 ratio in the two seasons. These results 

could be due to higher competition between soy-

bean and sunflower for light, water and nutritive 

elements. Similar results were reported by Assey 

et al (1983) and Abdel-Gawad et al (1989b). 
 

2. Relative crowding coefficient (RCC) 
 

Results in Table (10) showed that relative 

crowding coefficient for both crops, i.e., soybean 

and sunflower was larger than one. The values of 

RCC were greater when intercropping at 2:4 ratio 

with irrigation every 14 days than at 4:2 ratio with 

irrigation every 14 days (was 3.68) in the first sea-

son. The same table indicated that the highest val-

ue of RCC was from (100% + 100%) ratio with 

irrigation every 28 days (was 3.42) in the first sea-

son. Also, the highest value of RCC was from 2:4 

ratio with irrigation every 28 days in the second 

season. These results could be due to higher com-

petition between soybean and sunflower for light, 

water and nutritive elements. Similar results were 

reported by Umrani (1987), Abdel-Gawad et al 

(1989) and Varughese & Iruthayaraj (1996). 

3. Aggressivity (Ag) 

 

Data presented in Table (10) showed that ag-

gressivity values were larger than zero when inter-

cropping soybean with sunflower under irrigation 

intervals with intercropping patterns. The highest 

value of aggressivity was at 2:4 ratio (0.24). Also, 

at 4:2 ratio with irrigation every 14 days, in the 

first season. Also, at 4:2 ratio with irrigation every 

28 days in the two seasons soybean was dominat-

ed crop (negative values), whereas sunflower was 

the dominant crop (positive values). These results 

could be due to higher competition between soy-

bean and sunflower plants on light, water and nu-

tritive elements. Similar results were reported by 

Abdel-Gawad et al (1989c), Dhingra et al (1991) 

and Varughese & Iruthayaraj (1996). 
 

REFERENCES 
 

Abdel-Gawad, A.A.; A.M. Abo-Shetaia and 

A.S. Edris (1989a). Intercropping sunflower with 

soybean. 1. Effect of intercropping sunflower with 

soybean on growth, yield and yield components of 

sunflower. Annals Agric. Sci., Ain Shams Univ., 

Cairo, 34(1): 63-76. 

Abdel-Gawad, A.A.; A.M. Abo-Shetaia and 

A.S. Edris (1989b). Intercropping sunflower with 

soybean. 2. Effect of intercropping sunflower with 

soybean on growth, yield and yield components of 



Effect of irrigation intervals and intercropping on soybean  

Arab Univ. J. Agric. Sci., 16(1), 2008 

 

81 

soybean. Annals Agric. Sci., Ain Shams Univ., 

Cairo, 34(1): 77-88. 

Abdel-Gawad, A.A.; A.M. Abo-Shetaia and 

A.S. Edris (1989c). Intercropping sunflower with 

soybean. 3. Interspecific and interaspecific compe-

tition among sunflower and soybean plants. An-

nals Agric. Sci., Ain Shams Univ., Cairo, 34(1): 

89-100. 
A.O.A.C. (1970). Association of Official Agricul-

tural Chemists. Official Methods of Analysis. 

11th Ed. A.O.A.C., Washington D.C. 

Assey, A.A.; E.M. Zeidani; A.G. Eraky; M.A. 

Mohamed and A.A. Sarhan (1983). Intercrop-

ping soybean with maize. 2. Effect of intercrop-

ping soybean plant population and N fertilization 

on yield and competitive relations of maize and 

soybean. Proc. 5th Conf. Agron., Zagazig Univ., 

Egypt, 13-15 Sept., 2: 516-528. 

Beets, W.C. (1977). Multiple cropping of maize 

and soybean under high level of crop manage-

ment. Netherlands J. Agric. Sci., 25(2): 95-102. 

Chavan, S.P.; S.N. Jadttav and Y.G. More 

(1998). Effect of date of sowing and irrigation 

schedule on soybean during summer seasons. J. 

Maharashtra Agric. Univ., 23(1): 76-77 (C.F. 

Field Crop Abst., 6560, 1999). 
Deolankar, K.P. and A.D. Mogal (1998). Re-

sponse of Kharif soybean to varying levels of irri-

gation and fertilizer. J. Maharashtra Agric. 

Univ., 23(1): 92-94 (C.F. Field Crop Abst., 

6568, 1999). 

De Wit, C.T. and R.L. Den Bergh (1965). Com-

petition among herbage plants. Netherlands J. 

Agric. Sci., 13: 212-221. 

De Wit, C.T. and R.L. Hall (1974). Analysis of 

the nature of interference between plants of differ-

ent species. Aust. J. Agric. Res., 25: 749-756. 

Dhingra, K.K.; M.S. Dhillon; D.S. Grewal and 

K. Sharma (1991). Performance of maize and 

mungbean intercropping in different planting pat-

terns and row orientations. Indian J. Agron., 3 G 

(2): 207-212. 

Fernandes, E.J.; E.P. Turco and T.E.P. Ro-

drigues (1998). Water use by irrigated soybeans 

(C.F. Field Crop Abst., 6569, 1999). 
Galal, A.A. and A.A. Metwally (1982). The vari-

ability in intercropping tolerance of 18 soybean 

varieties when grown with a newly developed 

corn stock. Cairo J. Research Bull. Fac. Agric., 

Ain Shams Univ., Cairo, 21: 2-15. 

Garcia, M.J. and P. Pinchinat (1976). Intercrop-

ping of maize and soybean at different sowing 

densities. Turrialba, 26(4): 409-411. 

Gode, D.B. and G.N. Bobde (1993). Intercrop-

ping of soybean and sorghum. PKV Research J., 

17(2): 128-129 (C.F. Field Crop Abst., 49 (1): 

282, 1996). 
McGilchrist, C.A. (1965). Analysis of Competi-

tion Experiments. Biometrics, 21: 875-985.  

Moallem, S.R. (1979). Intercropping of maize 

(Zea mays L.) and soybean (Glycine max) with 

different plant population, fertilizer level and 

method of planting under dry land agriculture. J. 

Agric. Sci., 14: 637-642. 
Mohta, N.K. and Rde (1980). Intercropping 

maize and sorghum with soybean. J. Agric. Sci. 

Camb., 95: 117-122. 

Nagavani, A.V.; P.R. Reddy; M.S.S. Rajan and 

A.R. Anjaneyulg (1997). Growth and yield of 

sunflower as influenced by irrigation and nitrogen 

management. J. Oil Seeds Res., 14(2): 315-317. 

Pal, M.S.; P.C. Gupta and O.P. Singh (1991). 
Effect of sorghum based intercropping systems on 

productivity, land equivalent ratio and economics 

in Mollisols of national Tria Uttar Pradesh. Indian 

J. Agron., 36(1): 12-16. 

Rajashekher, K. and B.B. Reddy (1997). Effect 

of method and time of irrigation for rabi sunflower 

after Kharif rice. J. Res. ANGRAU, 25(2): 35-37. 

Shafshak, S.E.; E.S. Skokr; B.A. El-Ahmer and 

A.S. Madkour (1986). Studies on intercropping 

soybean and sunflower. Interspecific competition. 

Ann. of Agric. Sci. Moshtohor, 24(4): 1795-

1806. 

Shahid Rafiq, C.H.; M.A. Khan; S.H. Shah and 

M.A. Malik (1998). Studies on irrigation schedul-

ing in spring sown sunflower (Helianthus annuus 

L.). (C.F. Field Crop Abst., 7799, 1999). 

Snedecor, G.W. and W.G. Cochran (1967). Sta-

tistical Methods. 6th Edition, Iowa Univ. Press, 

Ames, Iowa, U.S.A. 

Sorenson, P.S. (1947). The Analysis of Foods. 

John Wiley and Sons, New York. 

Tetiokagho, F. (1988). Influence of plant density 

and intercropping on maize and soybean growth, 

light interception, yield and efficiency indices. 

Dissertation International, (6) 1993 B (C.F. 

Field Crop Absts., 5274, 1989). 

Tripathi, R.D.; G.P. Srivastava; M.S. Nisra and 

S.C. Pandey (1971). Protein control in some vari-

eties of legumes. The Allah Abad Farmer, 16: 

291-294. 

Ujjinaiah, U.S.; B.G. Rajashekar; N. Venugo-

bal and K. Seenappa (1990). Sunflower-

pigeonpea intercropping. J. Oil Seeds Res., 1: 7 

2-78 (C.F. Field Crop Absts., 46(1): 448,  

1993). 



Nawar 

Arab Univ. J. Agric. Sci., 16(1), 2008 

 

82 

Umrani, N.K.; C.B. Patial and K.B. Chavan 

(1987). Effect of row proportions on sunflower-

pigeonpea intercropping. Indian J. Agric. Sci., 

57(7): 468-471. 

Varughese, K. and M.R. Iruthayaraj (1996). 
Response of sole and intercropped maize to irriga-

tion and nitrogen levels. Madras Agric. J., 83(3): 

189-193 (C.F. Field Crop Absts., 7209, 1997). 

Waills, T.M.; D.J.M. Hall; D.C. McKenzie and 

D.C. Barchia (1997). Soybean yield as affected 

by crop rotations, deep tillage and irrigation layout 

on a hardsetting Aifisol. Soil and Tillage Re-

search, 44(3/4): 151-164. 

Yadav, B.R.D. and T.D.N. Kumar (1998). Effect 

of row arrangement on yield and monetary bene-

fits in mulberry (Morus indica M. alba) + soybean 

(Glycine max) and mulberry + greengram 

(Phasxeolus radiatus) intercropping. Indian J. 

Agric. Sci., 68(3): 149-151. 

Zamar, I.L. and M.G. Giastini (1997). Inter-

cropping of maize and soybean to sustainability in 

the semi-arid of Argentina. Cultivo. Intercalado 

Maize-Soja, 65-69 (C.F. Field Crop Absts., 

5686, 1998). 

 

 

 

 


