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ABSTRACT 

Field experiment was carried out at Gemmiza Agricultural Research Station, Agricultural 
Research Center, El-Gharbia governorate, Egypt during 2016/2017 and 2017/2018 seasons to determine 
the most suitable faba bean cultivar for intercropping with sugar beet in order to increase land equivalent 
ratio and farmer's benefit. Four faba bean cultivars (Sakha 1, Misr 1, Giza 843 and Giza 3 'Improved') 
were intercropped to sugar beet in a randomized complete block design (RCBD) with three replications. 
Sole cultures of sugar beet and faba bean were used for calculating competitive relationships and net 
return. Sugar beet plants grown with faba bean cultivar Misr 1 had higher total chlorophyll content and 
leaf area and better sugar beet root yield and its attributes than those intercropped with the other faba 
bean cultivars in both seasons. Faba bean plants of Giza 843 grown with sugar beet had higher total 
chlorophyll content and leaf area compared with the other cultivars in both seasons. In addition, Giza 
843 had higher number of branches and pods plant-1, number of seeds pod-1, 100-seed weight, seed yield 
plant-1 and seed and straw yields fed-1 than the other faba bean cultivars in the two seasons. Land 
equivalent ratio and relative crowding coefficient were above 1.00 indicating intercropping advantages 
for all treatments. The value of aggressivity of sugar beet was negative for all treatments indicating that 
sugar beet was dominated component in the present study. Intercropping faba bean cultivar Misr 1 with 
sugar beet was more profitable to farmers than the rest of tested cultivars and the sole culture of sugar 
beet for gross income and net return.  
  
Keywords: Beta vulgaris L., Vicia faba L., Land equivalent ratio, Net return. 

 
Introduction 

In general, Egypt faces many problems that affect productivity of crops and sugar crops in 
particular where sugar is a national demand. One of them is a severely competition between sugar crops 
and the other winter crops for land, water, light and nutrients according to production costs and lower 
net returns. This increases the need to maximize land usage and improve farmer's income. Sugar beet 
(Beta vulgaris L.) crop has been introduced in the early 1980s to help, besides sugarcane in fulfilling 
the gap between sugar production and consumption (Abdel-Motagally and Metwally, 2014).  

On the other hand, the local production of faba bean (Vicia faba L.) is still below the country 
consumption. Increasing faba bean production is a major target to meet the increasing demand, since 
faba bean constitutes a major part of the diet of Egyptian people (Zeidan, 2002). Also, it’s important 
for soil fertility, human nutrition as a good source of vegetarian protein, animal feeding and industry 
purposes (Sharaan et al., 2004). Therefore, increasing faba bean production is one of the major targets 
of the agricultural policy and can be fulfilled through increasing the cultivated area, using high 
productive varieties. Unfortunately, sugar beet cultivated area reached about 559,744 fed (one fed = 
4200 m2) in 2016/2017 season, while cultivated area of faba bean reached about 87,808 fed in 
2016/2017 season, respectively, (Bulletin of Statistical Cost Production and Net Return, 2018). 

Accordingly, scientific efforts are continually looking for different ways to increase productivity 
of faba bean without significant change in sugar beet area. It is known that output improvement in 
cropping systems must be related to the better use of resources especially water and light. Intercropping 
is inexpensive strategy for better use of resources especially water and light, which has been recognized 
as a potentially benefited technology for increased crop production and consequently increasing the net 
income per unit area. Over the past few decades, increasing attention has been given to intercropping 
in Egypt. So, it is feasible to augment the acreage of the legume crop by intercropping with sugar beet. 
In this concern, several studies have reported that intercropping faba bean with sugar beet is more 
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productive than the individual sole crops (Farghaly et al., 2003; Mohammed et al., 2005; Gadallah et 
al., 2006; Aboukhadra et al., 2013; Salama et al., 2016 and El-Ghobashi and Eata, 2020).  

Generally, reducing density of faba bean plants may lead to minimize the intra and inter 
competition of both crops, which increased efficiency of solar radiation utilized, by sugar beet, and in 
turn high conversion of light energy to chemical energy and consequently high accumulation of dry 
matter. If faba bean plant density is too high, plants compete with each other for resources and low yield 
was realized under intercropping with sugar beet, (Mohammed et al., 2005). Accordingly, intercropping 
culture might be led to the inactivation or impairment of the chlorophyll containing reaction centers of 
the chloroplasts, which reflected on insufficient ATP for carbon fixation and carbohydrate biosynthesis 
(Shao et al., 2014). Hence, the target of this research is increasing plant density of intercropped faba 
bean in sugar beet fields to reach 25% of faba bean sole planting where previous technical 
recommendations of intercropping faba bean with sugar beet indicated that faba bean plant density 
should not be exceeded 12.5% of faba bean sole planting in Egypt. Thus, selecting the suitable faba 
bean cultivar for intercropping with sugar beet could play important role for enhancing farmer's income. 
Field bean cultivars markedly differed in their growth characteristics and potential yield. In this 
connection, Mohamed and El-Abbas (2005) concluded that Sakha 1 cultivar surpassed Giza 3 and Giza 
2 cultivars in seed weight per plant, 100-seed weight and seed yield per fed. However, Kandil et 
al. (2011) found that Giza 716 cultivar significantly exceeded other studied cultivars (Sakha 1 and Giza 
3) in plant height, numbers of branches and pods per plant, number of seeds per pod, seed yield per 
plant, 100-seed weight and seed yield per ha. Moreover, Mohamed et al. (2018) showed that faba bean 
cultivar Sakha 1 had higher values of seed yield and its attributes than Masr 3. Thus, the objective of 
this investigation was to determine suitable faba bean cultivar for intercropping with sugar beet to 
increase land equivalent ratio and profitability.   

 
Materials and Methods 
 

A field experiment was carried out at Gemmiza Agricultural Research Station, Agricultural 
Research Center, (Lat. 30° 47' 27" N, Long. 30° 59' 53" E, 22 m above sea level), Egypt during 
2016/2017 and 2017/2018 seasons to determine the suitable faba bean cultivar for intercropping with 
sugar beet to increase land equivalent ratio and farmer's benefit. Four faba bean cultivars (Sakha 1, Misr 
1, Giza 843 and Giza 3 'Improved') were intercropped to sugar beet in a randomized complete block 
design (RCBD) with three replications. Plot area was 28.8 m2. Each plot consisted of 6 raised beds (4.0 
m long and 1.2 m wide). Sole cultures of sugar beet and faba bean cultivars (as recommended) were 
used for calculating competitive relationships and net return. Sugar beet seeds were sown on both sides 
of all beds (1.2 m width) distanced at 20 cm between hills (one plant/hill) to give 100% of the sole 
culture.  Faba bean cultivars were sown on only one row in the middle of each bed at 20 cm apart 
between hills (two plants hill-1) to give 25% of sole culture density. Sole cultures of sugar beet and faba 
bean cultivars were sown as recommended.  

Maize was the preceding summer crop in both seasons. Calcium super phosphate (15.5% P2O5) 
at rate of 150 kg fed-1 was applied during soil preparation in the two seasons. Sugar beet was sown on 
October 3rd and 10th while faba bean was sown 30 days after sugar beet sowing. In the two seasons, 
nitrogen fertilizer was added for sugar beet at a rate of 80 kg N fed-1 as ammonium nitrate (33.5% N). 
Seeds of faba bean cultivars were inoculated with Rhizobium leguminosarum before seeding it and gum 
Arabic was used as a sticking agent. Recommended cultural practices for each crop were implemented 
as provided by the Egyptian Ministry of Agriculture.  

 
The studied traits  
I. Sugar beet   

After 120 days, random samples of five sugar beet plants were taken from each plot to determine 
total chlorophyll content (mg g-1) and total leaf area plant-1 (m2). According to the method of Wettstein 
(1957), total chlorophyll content in sugar beet leaves was determined by the General Organization for 
Agricultural Equalization Fund, ARC, Giza, Egypt. The punch method of Watson and Watson (1953), 
was followed to measure plant leaf area.       

At harvest, ten plants from each plot were randomly taken to measure: root length (cm), root 
diameter (cm) and root weight plant-1 (kg). Top fresh weight and root yield fed-1 (ton) were recorded on 
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plot basis. Total soluble solids percentage (TSS %) was measured by the refractometer set according to 
A.O.A.C. (1990). Sucrose % was estimated by using sucrometer set. Sugar yield fed-1 (ton) was 
calculated as follows:  

Sugar yield fed-1 (ton) = Root yield fed-1 (ton) × Sucrose % 
 
II. Faba bean  

Random samples of five faba bean plants were taken from each plot 90 days after planting to 
determine total chlorophyll content (mg g-1) and total leaf area plant-1 (cm2).  

At harvest, ten guarded plants from each plot were taken to measure: plant height (cm), number 
of branches and pods plant-1, number of seeds pod-1, 100-seed weight (g) and seed yield plant-1 (g). 
Straw and seed yields fed-1 were recorded on plot basis.  

 
III. Competitive relationships  
1. Land equivalent ratio (LER) 

LER defines as the ratio of area needed under sole cropping to one of intercropping at the same 
management level to produce an equivalent yield (Mead and Willey, 1980). It is calculated as follows: 
LER = (Yab / Yaa) + (Yba / Ybb), Where Yaa = Pure stand yield of crop a (sugar beet), Ybb = Pure stand 
yield of crop b (faba bean), Yab = Intercrop yield of crop a (sugar beet) and Yba = Intercrop yield of crop 
b (faba bean). 

 
2. System productivity index (SPI) 
SPI was calculated as (Odo, 1991). It was calculated as follows:  

SPI=[(SA/LB )×Lb]+Sa, where SA and LB are the yield of sugar beet and faba bean in sole cropping, 
Sa and Lb are the yield of sugar beet and faba bean in intercropping 

. 
3. Relative crowding coefficient (RCC)   

RCC, which estimates the relative dominance of one species over the other in the intercropping 
system (De Wit, 1960) was calculated as follows: K = Ka × Kb, Ka = Yab × Zba / [(Yaa – Yab) × Zab] ; Kb 
= Yba × Zab / [(Ybb – Yba) × Zba], Where Yaa = Pure stand yield of crop a (sugar beet); Ybb = Pure stand 
yield of crop b (faba bean); Yab = Intercrop yield of crop a (sugar beet); Yba = Intercrop yield of crop b 
(faba bean); Zab = The respective proportion of crop a in the intercropping system (sugar beet); Zba = 
The respective proportion of crop b in the intercropping system (faba bean). 

 
4. Aggressivity (A) 

Aggressivity represents a simple measure of how much the relative yield increase in one crop is 
greater than the other in an intercropping system (Willey, 1979) was calculated as follows: Aab=[Yab / 
(Yaa × Zab)]–[Yba / (Ybb × Zba)] ; Aba=[Yba / (Ybb × Zba)]–[Yab  / (Yaa × Zab)]. 

 
IV. Economic evaluation 

It was calculated by determining the net return of intercropping culture as compared to 
recommended sole planting of sugar beet.  

- Gross income of intercropping cultures = price of sugar beet root yield + price of the top fresh 
+ price of faba bean seed yield + price of  faba bean straw yield in Egyptian pound. To calculate the 
gross income, the average of sugar beet and faba bean prices presented by Bulletin of Statistical Cost 
Production and Net Return (2018) were used. The sugar beet prices were LE 378.5 ton-1 of roots and 
LE 54 ton-1 of top-fresh, meanwhile faba bean prices were LE 805 ardab-1 of seed and LE 500 ton-1 
of straw. 

- Net return fed-1 = Gross income – Production costs. 
- Production costs were LE 5785 fed-1 for intercropping culture system (fixed costs of sugar beet 

+ variable costs of faba bean) and LE 5316 fed-1 for the sole culture of sugar beet. 
 

Statistical Analysis 
Analysis of variance of data collected of each season was performed. The measured variables 

were analyzed by ANOVA using MSTAT-C package (Freed, 1991). Mean comparisons were 
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performed using the least significant difference (L.S.D) test at 0.05 level of probability (Gomez and 
Gomez, 1984). 
Results and Discussion 
 
I. Sugar beet traits 
1. Physiological  traits 

Intercropping faba bean with sugar beet significantly affected total chlorophyll content and leaf 
area plant-1 120 days after sugar beet planting in the two growing seasons (Table, 2). Sugar beet plants 
grown with faba bean cultivar Misr 1 had higher total chlorophyll content and leaf area plant-1 compared 
with those intercropped with the other faba bean cultivars in the two seasons. Clearly, the adverse effect 
of intercropping was reduced by growing faba bean cultivar Misr 1 with sugar beet on the same bed. It 
seems that intercropping faba bean cultivar Misr 1 with sugar beet had lower effect on the dynamics of 
sugar beet photosynthetic process that was reflected positively on chlorophyll content and thereby sugar 
beet leaf growth and development compared with faba bean cultivar Sakha 1, Giza 3 'improved' or Giza 
843. Total chlorophyll content and leaf area per plant in intercropped sugar beet most likely depend on 
choice of the suitable faba bean cultivar that connected to a reorganization of the chloroplasts and, 
hence, a change in the photosystem I (PSI) : photosystem II (PSII) ratio (Anderson et al., 1988). 
 
Table 2: Effect of faba bean cultivars on total chlorophyll content and total leaf area per plant of sugar 

beet in (2016/2017 and 2017/2018) growing seasons.  
                    Trait 

 
Faba bean cultivar 

Total chlorophyll content  
(mg g-1)  

Total leaf area  
plant-1 (m2) 

1st season 2nd season 1st season 2nd season 
Sugar beet + Sakha 1 1.69 1.81 0.55 0.68 
Sugar beet + Misr 1 2.13 2.23 0.64 0.76 
Sugar beet + Giza 843 1.37 1.43 0.38 0.46 
Sugar beet + Giza 3 'Improved'  1.53 1.62 0.48 0.54 
L.S.D. 0.05 0.38 0.40 0.12 0.15 

 
2. Growth, yield and its attributes    

Intercropping faba bean with sugar beet significantly affected on all the studied traits of sugar 
beet except root diameter and top-fresh weight fed-1 in the first season and root weight plant-1 in the 
second season only (Table, 3). Intercropping faba bean cultivar Misr 1 with sugar beet had higher sugar 
beet yield and its attributes compared with other faba bean cultivars in the two growing seasons. 
Obviously, growing faba bean cultivar Misr 1 with sugar beet in the same bed reduced the adverse 
effects of intercropping between them. Intercropping faba bean cultivar Misr 1 with sugar beet had 
higher root length and diameter, root weight plant-1 and top fresh weight fed-1, root yield fed-1, T.S.S. 
%, sucrose % and gross sugar yield fed-1 than the rest cultivars in the two growing seasons (Table, 3). 
These results probably due to canopy structure and root system of faba bean cultivar Misr 1 was suitable 
with sugar beet plant to permit more efficient utilization of basic growth resources, which translated 
into increase in accumulation of dry matter in different organs of sugar beet roots. 

Sugar beet alone achieved increment in all characters under study compared with sugar beet under 
intercropping patterns with different faba bean cultivars in both seasons as shown in Table (3). On the 
other hand, sugar beet root yield gave the lowest value when intercropped with faba bean Giza 843 
variety compared with sugar beet root yield produced with other faba bean verities in both seasons. This 
result may be due to adverse effect of faba bean Giza 843 variety, which had higher for total leaf area 
plant-1, plant height and number of branches plant-1 than other faba bean varieties.  

Consequently, canopy and root system architecture of faba bean cultivar Misr 1 was more 
compatible with sugar beet growth and development to decrease competitive ability between them for 
available environmental conditions than faba bean cultivars Sakha 1, Giza 843 or Giza 3 'improved'. 
The plant canopy structure is related to the spatial distribution of its organs above the soil surface 
(Campbell and Norman, 1989).  

These results show that faba bean cultivar Misr 1 stimulated establishment and vegetative growth 
of sugar beet, and thereby increased root and shoot fresh weights, as well as root length and diameter 
of sugar beet. 
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Certainly, the rhizosphere is a complex environment where roots interact with physical, chemical and 
biological properties of soil, and is influenced by the presence and activity of root (Richardson et al., 
2009). 
 
Table 3: Effect of faba bean cultivars on yield and its attributes, as well as, quality traits of sugar beet 

in (2016/2017 and 2017/2018) growing seasons 
                                          Trait 
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1st season 
Intercropping culture of sugar beet 
Sugar beet + Sakha 1 31.63 16.47 0.84 12.04 26.35 20.88 17.42 4.59 
Sugar beet + Misr 1 34.44 16.67 0.91 12.36 27.61 21.03 17.73 4.90 
Sugar beet + Giza 843 28.99 16.07 0.76 11.79 22.03 19.81 16.09 3.54 
Sugar beet + Giza 3 
'Improved'  

30.99 
16.22 

0.82 12.03 24.68 
20.06 

16.58 4.09 
L.S.D. 0.05 2.22 NS 0.06 NS 0.97 0.80 0.66 0.33 
Sole culture of sugar beet 37.22 18.08 1.05 14.40 30.37 21.55 18.45 5.60 

2nd Season 
Intercropping culture of sugar beet 
Sugar beet + Sakha 1 33.67 19.33 0.89 15.01 27.58 21.08 17.67 4.88 
Sugar beet + Misr 1 34.18 21.07 0.95 15.13 28.30 21.25 17.98 5.09 
Sugar beet + Giza 843 31.33 18.66 0.83 11.90 24.29 20.40 16.69 4.06 
Sugar beet + Giza 3 
'Improved'  

32.00 
18.99 0.88 14.00 25.81 

20.78 
17.22 4.45 

L.S.D. 0.05 1.89 1.00 NS 0.50 1.68 1.00 0.83 0.48 
Sole culture of sugar beet 34.80 28.89 1.07 19.61 31.55 21.78 18.72 5.91 

 
These results are in accordance with those obtained by Hamdany and El- Aassar (2017) who 

found that the highest values for all the studied sugar beet traits were observed in sole planting, followed 
by intercropping planting, meanwhile intercropping broad bean with sugar beet gave the lowest values 
for all the studied sugar beet traits except root length in both growing seasons.  The highest value of 
gross sugar yield under intercropping treatments was recorded when sugar beet intercropped with faba 
bean cultivar Misr 1 followed by sakha 1 in both seasons with values differences of 310 and 210 kg of 
gross sugar yield fed-1 in the first and second seasons, respectively. 

 
II. Faba bean traits  
 
1. Physiological  traits  

Intercropping faba bean with sugar beet affected significantly on total chlorophyll content and 
leaf area plant-1 after 90 days from faba bean planting in the two growing seasons (Table 4). 
Intercropping faba bean cultivar Giza 843 with sugar beet had higher total chlorophyll content and leaf 
area plant-1 of faba bean than the rest cultivars in the two growing seasons (Table 4).  
 
Table 4: Total chlorophyll content and total leaf area per plant of faba bean intercropped with sugar 

beet in (2016/2017 and 2017/2018) seasons.  
 Trait 

Cultivar    
Total chlorophyll content (mg g-1)  Total leaf area plant-1 (cm2) 

1st Season 2nd Season 1st Season 2nd Season 
Sakha 1 28.71 27.82 1250.20 1199.45 
Misr 1 28.36 27.41 1171.06 1124.34 
Giza 843 31.14 30.21 1303.75 1280.10 
Giza 3 Improved  30.38 29.28 1279.79 1243.11 
L.S.D. 0.05 2.51 2.32 50.44 78.61 

 
This effect may be due to the differences in genetic effect of the tested faba bean cultivars 

translated into different morphological and physiological characteristics of faba bean cultivars leaves 
(Campbell and Norman, 1989). Thus, it is expected that plant height and number of branches per plant 
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of Giza 843 cultivar played the main roles. Similar results were reported by Mohamed and El-Abbas 
(2005), Kandil et al., (2011) and Mohamed et al., (2018) who reported there were significant differences 
among faba bean cultivars in seed yield and yield attributes traits.  

 
2. Growth, yield and its attributes traits    

Faba bean cultivars differed significantly in all traits of faba bean except number of branches 
plant-1 under study in both seasons, meanwhile number of pods plant-1 was differed significantly among 
them in the first season only (Table 5). Giza 843 cultivar had higher plant height, number of branches 
and pods plant-1, number of seeds pod-1, 100-seed weight, seed yield plant-1 and seed and straw yields 
fed-1 followed by Giza 3 'improved' followed by Sakha 1 and the lowest value for these traits were 
showed with Misr 1 variety in both seasons. This behavior of faba bean varieties was related to pure 
stands of faba bean varieties. Sharaan et al., (2004) reported the superiority of faba bean cultivar Giza 
843 over Misr 1 cultivar for seed weight plant-1, seed index, harvest index and seed yield fed-1. These 
results could be due to genteic makeup of faba bean cultivar Giza 843 enhanced vegetative growth 
efficiency of faba bean plant, which reflected positively on total chlorophyll content and leaf growth 
and thereby seed filling period compared with the rest cultivars. Some cultivars of faba bean are more 
suited for planting under shade (Nasrullahzadeh et al., 2007).  
 
Table 5: Growth, yield and its components of intercropped faba bean cultivars in (2016/2017 and 

2017/2018) seasons.   
             Trait  

 
Faba bean 
cultivar 

Plant 
height 
(cm) 

No. of 
branches 

plant-1 

No. of 
pods 

plant-1 

No. of 
seeds 
pod-1 

100-
seed 

weight 
(g) 

Seed 
yield 

plant-1  
(g) 

Seed yield 
(ardab 
fed-1) 

Straw 
yield 
(ton 

fed-1) 
1st Season 

Intercropping culture of faba bean 
Sakha 1 114.10 3.18 8.99 2.99 65.47 16.48 3.19 0.82 
Misr 1 111.50 3.00 8.57 2.81 63.99 15.38 2.73 0.70 
Giza 843 121.93 3.67 9.62 3.24 70.66 19.23 3.62 0.91 
Giza 3 Improved 120.17 3.43 9.28 3.06 68.18 17.83 3.31 0.88 
L.S.D. 0.05 6.76 NS 0.70 0.26 2.20 1.23 0.21 0.06 
Sole culture of faba bean 
Sakha 1 118.93 2.76 8.10 2.85 52.59 10.23 8.94 2.28 
Misr 1 111.50 2.63 7.14 2.64 51.82 9.92 8.15 2.10 
Giza 843 120.93 3.30 8.33 3.09 57.57 12.21 10.02 2.40 
Giza 3 Improved 120.17 3.17 8.22 2.93 55.41 11.05 9.48 2.32 

2nd Season 
Intercropping culture of faba bean 
Sakha 1 107.40 3.07 8.73 2.69 61.38 14.05 2.72 0.67 
Misr 1 103.19 2.80 8.34 2.67 59.67 13.36 2.53 0.62 
Giza 843 112.65 3.33 9.40 3.12 64.88 16.53 3.35 0.85 
Giza 3 Improved 111.11 3.20 8.90 2.90 62.63 15.47 3.12 0.80 
L.S.D. 0.05 5.98 NS NS 0.22 1.64 1.09 0.28 0.09 
Sole culture of faba bean 
Sakha 1 112.73 2.71 7.89 2.57 53.05 9.98 8.08 2.06 
Misr 1 108.02 2.48 7.68 2.44 51.24 9.63 7.70 1.94 
Giza 843 119.03 3.10 8.68 2.92 55.45 11.94 9.44 2.31 
Giza 3 Improved 117.70 2.96 8.26 2.70 54.07 10.96 8.79 2.26 

 
III. Competitive relationships 
 1. Land equivalent ratio (LER):  

The values of LER were estimated by using data of recommended sole cultures of both crops. 
Intercropping faba bean with sugar beet increased LER as compared with sole cultures of both crops in 
the two growing seasons (Table, 6). LER ranged from 1.09 and 1.12 by intercropping faba bean cultivar 
Giza 843 with sugar beet to 1.24 and 1.23 by intercropping faba bean cultivar Misr 1 with sugar beet in 
the first and second seasons, respectively. Intercropping faba bean cultivar Misr 1 with sugar beet 
recorded the highest LER as compared to the others.  
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Table 6: Competitive relationships of intercropping some faba bean cultivars with sugar beet in 
(2016/2017 and 2017/2018) growing seasons.   

Trait 
 
Treatment  

Sugar beet 
root yield 

)1-(ton/fed 

Faba bean 
seed yield  

(ardab/fed-1) 
RYs RYf LER 

Inter. Sole Inter. Sole 
1st Season 

Sugar beet +  
faba bean (Sakha 1) 

26.35 

30.37 

3.19 8.94 0.87 0.36 1.23 

Sugar beet +  
faba bean (Misr  1) 

27.61 2.73 8.15 0.91 0.33 1.24 

Sugar beet +  
faba bean (Giza 
843) 

22.03 3.62 10.02 0.73 0.36 1.09 

Sugar beet +  
faba bean (Giza 3 
'Improved')   

24.68 3.31 9.48 0.81 0.35 1.16 

2nd Season 
Sugar beet +  
faba bean (Sakha 1) 

27.58 

31.55 

2.72 8.08 0.87 0.34 1.21 

Sugar beet +  
faba bean (Misr  1) 

28.30 2.53 7.70 0.90 0.33 1.23 

Sugar beet +  
faba bean (Giza 
843) 

24.29 3.35 9.44 0.77 0.35 1.12 

Sugar beet +  
faba bean (Giza 3 
'Improved')   

25.81 3.12 8.79 0.82 0.35 1.17 

 
Table 6: Continued 

Trait 
 
Treatment  

SPI Ks  Kf  K As Af 

1st Season 
Sugar beet +  
faba bean (Sakha 1) 

37.19 1.64 2.22 3.64 -0.70 0.70 

Sugar beet +  
faba bean (Misr  1) 

37.78 2.50 2.01 5.04 -0.54 0.54 

Sugar beet +  
faba bean (Giza 843) 

33.00 0.66 2.26 1.49 -0.90 0.90 

Sugar beet +  
faba bean (Giza 3 
'Improved')   

35.28 1.08 2.15 2.33 -0.73 0.73 

2nd Season 
Sugar beet +  
faba bean (Sakha 1) 

38.20 1.74 2.03 3.53 -0.59 0.59 

Sugar beet +  
faba bean (Misr  1) 

38.67 2.18 1.96 4.26 -0.52 0.52 

Sugar beet +  
faba bean (Giza 843) 

35.49 0.84 2.20 1.84 -0.81 0.81 

Sugar beet +  
faba bean (Giza 3 
'Improved')   

37.01 1.12 2.20 2.47 -0.75 0.75 

* s = Sugar beet & f = faba bean 
 
These results could be due to competitive ability between sugar beet and faba bean for basic 

growth resources was differed by the studied faba bean cultivars. It is possible to suggest that canopy 
structure of faba bean cultivar Misr 1 played a major role in coexistence or compatible with sugar beet, 
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which reflected positively on their relative yield. These results are in accordance with those obtained 
by Abd El-All (2002), Abou Mostafa et al. (2012), El-Dein (2015) and El-Ghobashi and Eata (2020) 
who showed that intercropping sugar beet with faba bean had the highest LER values compared with 
sole culture of sugar beet. 
 
2. System productivity index (SPI): 

 SPI indicating higher productivity and stability of intercrops than sole culture. Mean SPI values 
varied from 33.00 and 35.49 by intercropping faba bean cultivar Giza 843 with sugar beet to 37.78 and 
38.67 by intercropping faba bean cultivar Misr 1 with sugar beet in the first and second seasons, 
respectively (Table, 6). Intercropping faba bean cultivar Misr 1 with sugar beet recorded the highest 
SPI values, whereas the lowest SPI values were recorded when sugar beet intercropped with faba bean 
cultivar Giza 843.  This result implies a relatively stable productivity by intercropping faba bean cultivar 
Misr 1 with sugar beet under intercropping culture.  

 
3. Relative crowding coefficient (RCC):  

In the present investigation, all values of the RCC were exceeded 1.00 (Table, 6). The lowest 
RCC was obtained by intercropping faba bean cultivar Giza 843 with sugar beet, which reached 1.49 
and 1.84 meanwhile, intercropping faba bean cultivar Misr 1 with sugar beet gave the highest RCC, 
which reached 5.03 and 4.26 in the first and second seasons, respectively. El-Ghobashi and Eata (2020) 
revealed that all RCC values were above the unit by intercropping faba bean with sugar beet indicating 
yield advantage was achieved compared with sole culture of sugar beet. These data reveal that canopy 
structure of faba bean cultivar Misr 1 was suitable for intercropping with sugar beet, which reflected 
positively on decrease in the competitive pressure between them. These results are in accordance with 
those observed by El-Dein (2015) who revealed that relative crowding coefficient in all intercropping 
of both components exceeded the unit indicating that yield advantage of both components. 

 
4. Aggressivity (A):  

Aggressivity determines the difference in competitive ability of the component crops in 
intercropping association. The positive sign indicates the dominant component and the negative sign 
indicates the dominated component. Higher numerical values of aggressiveness denote greater 
difference in competitive ability, as well as, bigger difference between actual and expected yield in both 
crops. The value of Agg of faba bean was positive for all treatments, meanwhile the values of Agg was 
negative for intercropped sugar beet in the two growing seasons (Table, 6). Results showed that faba 
bean was the dominant crop and sugar beet was the dominated. El-Dein (2015) and El-Ghobashi and 
Eata (2020) revealed the same trend. 
 
V. Economic evaluation   

Farmer's benefit is depended on selecting faba bean cultivar with sugar beet plants. The highest 
gross income and net return values were recorded with Misr 1 cultivar followed by Sakha 1 cultivar 
with light differences (Table, 7). Results also showed that the increases in net return reached 13.34 and 
5.31%, in the first and second seasons, respectively by intercropping Misr 1 cultivar with sugar beat 
compared with sole culture of sugar beet, which increases farmer’s benefit by LE 926 and 407 per 
feddan in the first and second seasons, respectively compared with the sole culture of sugar beet. 

The results suggest that intercropping faba bean cultivar Misr 1 with sugar beet was more 
profitable to farmers than sole culture of sugar beet. These findings are parallel with those obtained by 
El-Dein (2015) who showed that intercropping faba bean with sugar beet was more profitable to farmers 
than sugar beet sole culture. Also, Ibrahim (2018) showed that the highest total income was obtained 
by growing sugar beet after soybean and intercropping it with faba bean in hills spaced at 30 cm in the 
1st and 2nd seasons. El-Ghobashi and Eata (2020) confirmed the superiority of intercropping faba bean 
with sugar beet over the sole culture of sugar beet specially when adding from 70 up to 80 Kg N fed-1 
in addition to 30 m3 of farmyard manure. 
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Table 7: Economic return of intercropping faba bean cultivars with sugar beet in (2016/2017 and 
2017/2018) growing seasons.   

Trait 
 
 

Treatment 

Income of sugar beet 
)1-(LE fed 

Income of faba bean 
(LE fed-1) 

Gross 
income 

(LE fed-1) 

Net 
return 

(LE fed-1) Root  
Top-
fresh  

Total  Seed  Straw  Total 

 1st Season 
Sugar beet +  
faba bean (Sakha 1) 

9,960 650 10,610 2,568 410 2,978 13,588 7,803 

Sugar beet +  
faba bean (Misr  1) 

10,437 667 11,104 2,198 350 2,548 13,652 7,867 

Sugar beet +  
faba bean (Giza 843) 

8,327 637 8,964 2,914 455 3,369 12,333 6,548 

Sugar beet +  
faba bean (Giza 3 
'Improved')   

9,329 650 9,979 2,665 440 3,105 13,084 7,299 

Sole culture  of sugar 
beet   

11,480 778 12,257 - - - 12,257 6,941 

 2nd Season 
Sugar beet +  
faba bean (Sakha 1) 

10,425 811 11,236 2,190 335 2,525 13,760 7,975 

Sugar beet +  
faba bean (Misr  1) 

10,697 817 11,514 2,037 310 2,347 13,861 8,076 

Sugar beet +  
faba bean (Giza 843) 

9,182 643 9,824 2,697 425 3,122 12,946 7,161 

Sugar beet +  
faba bean (Giza 3 
'Improved')   

9,756 756 10,512 2,512 400 2,912 13,424 7,639 

Sole culture  of sugar 
beet   

11,926 1,059 12,985 - - - 12,985 7,669 

* Sugar beet prices were LE 378.5 ton-1 of roots and LE 54 ton-1 of top-fresh, meanwhile faba bean prices were LE 
805 ardab-1 of seed and LE 500 ton-1 of straw. 
* Production costs were LE 5785 fed-1 for intercropping culture system and LE 5316 fed-1 for the culture of sugar 
beet. 

 
Conclusion 

It could be concluded that intercropping faba bean cultivar MISR-1 at 25% of the full stand of its 
sole culture with sugar beet at 100% density of its sole culture gave highest land equivalent ratio of 
1.24, system productivity index of 38.23, gross income of LE 13,757 fed-1 and net return of LE 7,982 
fed-1 for farmers as average of both seasons. 

Although faba bean cultivar Misr 1 was more adapted and profitable for farmer more than the 
rest of tested cultivars and sole culture of sugar beet, however, there is a critical need for several 
scientific studies including morphological and physiological traits to provide plant breeder information 
about the most important traits in selection for high yield of faba bean under intercropping with sugar 
beet.  
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