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Abstract 
A field experiment was conducted at El-Serw Agricultural Research Station, 
Damietta Governorate, Egypt during 2016/2017 and 2017/2018 seasons to 
reduce mineral N inputs of sugar beet with increased land use efficiency and 
profitability under intercropping conditions. Seven treatments included five 
treatments (90 kg nitrogen “N” + 30 m3 farm yard manure “FYM”/fad, 80 kg 
N +30 m3 FYM/fad, 70 kg N +30 m3 FYM/fad and 400 g of Cerealine + 30 m3 
FYM/fad for intercropping faba bean cultivar Spanish with sugar beet cultivar 
Gloria) and two treatments (90 and 20 kg N/fad for solid culture of sugar beet 
and faba bean, respectively, as recommended mineral N fertilizer rate) were 
compared in a randomized complete block design with three replications. 
Solid culture of sugar beet with the application of recommended rate (90 kg 
N/fad) gave the highest top, root and sugar yields/fad, as well as the percen-
tage of purity compared with the other treatments in both seasons. Inter-
cropping faba bean with sugar beet plants with application of 90 kg N + 30 m3 
FYM/fad gave the highest number of leaves/plant, leaf area/plant, root length, 
root diameter and root weight/plant followed by intercropped sugar beet 
plants that fertilized with 80 kg N + 30 m3 FYM/fad compared with the other 
treatments in both seasons. On the other hand, intercropped sugar beet that 
received 400 g of Cerealine + 30 m3 FYM/fad had the highest percentages of 
T.S.S. and sucrose followed by 70 kg N + 30 m3 FYM/fad compared with the 
other treatments in both seasons. Solid culture of faba bean with the applica-
tion of 20 kg N/fad gave the highest plant height, number of seeds/pod and 
seed yield/fad, meanwhile the highest number of branches/plant and pod 
length were achieved by intercropping faba bean with sugar beet with appli-
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cation of 90 kg N + 30 m3 FYM/fad followed by intercropped faba bean plants 
that fertilized with 80 kg N + 30 m3 FYM/fad compared with the other treat-
ments in both seasons. However, intercropped faba bean plants that fertilized 
with 70 kg N + 30 m3 FYM/fad gave the highest number of pods per plant, 
number of seeds per pod, seed index and seed yield per plant compared with 
the other treatments in both seasons. Land equivalent ratio (LER), land 
equivalent coefficient (LEC) and relative crowding coefficient (RCC) were 
high by intercropping faba bean with sugar beet with the application of 80 kg 
N + 30 m3 FYM/fad indicating yield advantage was achieved. The value of 
aggressivity (Agg) of sugar beet was negative for all combinations indicating 
that sugar beet is dominated component in the present study. Intercropping 
faba bean with sugar beet with the application of 80 kg N + 30 m3 FYM/fad 
achieved higher total income and monetary advantage index (MAI) than the 
other treatments. Growing sugar beet plants in both sides of beds (1.2 m 
width) with one faba bean row in middle of sugar beet beds with the applica-
tion of 80 kg N + 30 m3 FYM/fad decreased mineral N fertilizer rate by 
10.00% of the recommended sugar beet mineral N fertilizer rate, as well as 
increased land usage and profitability for Egyptian farmers compared with 
sugar beet solid culture. 
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1. Introduction 

Nowadays food problem is one of the most important problems in the world, at-
tributed to the drastically growing numbers of the population, limited cultivated 
area and declining availability of fresh irrigation water. Thus, the challenge of 
sustainable agriculture is more serious in developing countries, including Egypt. 
Population growth always requires an increase in the use of available environ-
mental resources around the world. It is considerable pressure on available en-
vironmental resources especially water that is one of the major factors in arid 
and semiarid regions [1]. The limited water resources in Egypt are the most 
pressing factors of water issues. However, increased cropping systems to meet 
world demands will require an increase of 40% in the area of harvest major crops 
by 2030, and that the amount of water allocated to irrigation must increase cor-
respondingly by 14% [2]. One of the main problems associated with the Egyp-
tian agricultural system is the low size of cultivated land per farmer. On average, 
42.9% of the farmers own or work in field one fad (4200 m2) or less [3]. Howev-
er, the low soil quality, such as the low hydraulic quality, high soil impedance, 
salt content and organic matter scarcity, limit the soil productivity seriously [4]. 
Accordingly, the agriculture intensification had become an urgent necessity to 

https://doi.org/10.4236/as.2020.114022


Y. E. El-Ghobashi, A. E. M. Eata 
 

 

DOI: 10.4236/as.2020.114022 371 Agricultural Sciences 

 

optimize the utilizing of limited cultivated areas and to maximize the monetary 
returns of unit area [5]. 

Sugar beet (Beta vulgaris L.) is one of the most important sugar crops in the 
world. It is one of the most important crops for sugar production after sugar 
cane in Egypt. It has the ability to grown on newly reclaimed soils that suffer 
from salinity, sodic and calcareous soils [6]. Also, faba bean (Vicia faba L.) is a 
major leguminous crop that grown in Egypt; it is an important source of protein 
for human and animal consumption and it plays a role in the crop rotation. 
However, the total production of these crops is still insufficient to cover local 
consumption. From the above-mentioned facts, there is a great need to minim-
ize the gap between food material production and consumption by improving 
the productivity of unit area and crop quality especially in the newly reclaimed 
area and raising unit area productivity simultaneously through intercropping. In 
this concern, several investigators found that maximum values of land equiva-
lent ratio (LER) that recorded 1.36 and 1.38 were obtained by intercropping faba 
bean with sugar beet in the first and second seasons, respectively along with the 
highest values of total income [7] [8] and [9]. Moreover, the relative crowding 
coefficient (RCC) in intercropping faba bean with sugar beet exceeded the unit 
indicating that yield advantage of both components was higher than expected, 
faba bean was the dominant crops and sugar beet was the dominated [10]. 

According to Sharma and Mittra [11], the use of inorganic fertilizers alone has 
not been helpful under intensive agriculture because it aggravates soil degrada-
tion. It has been found that increasing mineral N fertilization rate up to 92 
kg/fad had significantly increased root fresh weight, root, and sugar yield but 
decreased sucrose percentage [12]. Consequently, attention is focused on using 
various forms of organo-mineral fertilizer composts as partial substitutions to 
mineral fertilizers. Such practices should be investigated under normal or saline 
conditions in arid and semi-arid regions as sources of nutrients. Organic ma-
nure, such as farmyard manure (FYM), green manure, organic amendment and 
municipal solid waste, has been used as a source of plant nutrients and organic 
matter to improve fertility conditions of agricultural lands for a long time [13]. 
Particularly, Celik et al. [14] showed that the addition of organic materials of 
various origins to soil has been one of the most common practices to improve 
soil physical properties. Thus, FYM is a vital organic resource and their exten-
sively used in soil management for sustainable agriculture [15]. 

Recently, some investigators tried to utilize the FYM and bio fertilization to 
decrease the cost and minimize the pollution compared to mineral fertilizers and 
drainage water, where Zalat and Nemeat Alla [16] reported that manure could 
be an available source of nutrients for sugar beet. Also, Javaheri et al. [17] found 
that FYM surpassed the check treatment (without FYM) for sugar beet traits 
(root diameter, root length, fresh weight of root, and root, top and sugar yield 
per fad), whereas percentages of the total soluble solids and sucrose were tended 
to decrease with the addition of FYM with 20 tons/fad [7]. The application of 
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manure (30 tons/ha) before planting sugar beet crop, resulted in a 17% increase 
in sugar yield [18]. However, Maid and Fischbeck [19] studied the effects of 
long-term organic manuring and additional doses of mineral N-fertilizer (0, 80, 
160, and 240 kg N/ha) on growth and quality of sugar beet. They found that 
sugar beet without manure treatment always developed higher sugar content and 
lower concentrations of alpha-amino-N, sodium and, potassium (K) compared 
with beet from plots with manure application. Moreover, application of FYM 
with a rate of 20 tons/fad significantly increased shoot, root and sugar yields/fad 
of sugar beet [20]. 

Obviously, there were under-ground interactions and rhizosphere effects be-
tween intercropped crops, which have an important role in the advantage effect 
of intercropping [21]. On the other hand, Abdel-Wahab and Said [22] showed 
that the highest plant dry matter, total N-content and yield of broad bean were 
achieved when compost was combined with Serratia and applied to the soil. Or-
ganic manure gave superiority in total pods yield and its components of the 
broad bean as mentioned by Mahmoud et al. [23]. In another study, Mohamed 
and Gomaa [24] indicated that the biofertilization of faba bean with the com-
bined inoculum of Rhizobium and Candida when accompanied with either 5 m3 
or 10 m3 of FYM increased each of pods number/plant, seeds number/pod and 
pod weight. Certainly, microbes have a high ability to convert or mineralize or-
ganic N fertilizers to nitrate and ammonium [25]. The application of 100 kg 
mineral N/fad to sugar beet produced the highest growth trait followed by 80 kg 
N/fad along with bio fertilization [26]. They added that the highest root and top 
yields obtained from adding 100 kg N/fad, while sugar yield was highest with the 
combination of bio fertilization (Azotobacter or Azosperlum) along 60 or 80 kg 
N /fad followed by 100 kg N/fad. Consequently, application of 90 or 72 kg min-
eral N in combination with biofertilizers (Cerealine or Rizobacterien) in inter-
cropping faba ben with sugar beet recorded the highest LER and net income 
compared with the other treatments [27]. The objective of this research was to 
reduce mineral N inputs of sugar beet with increased land use efficiency and 
profitability under intercropping conditions. 

2. Materials and Methods 

A-two year study was carried out at EL-Serw Agricultural Experiments and Re-
search Station (Lat. 31˚24'59"N, Long. 31˚48'47"E, 16 m a.s.l.), Agricultural Re-
search Center (ARC), Damietta governorate, Egypt during two successive sea-
sons; 2016/2017 and 2017/2018 to reduce mineral N inputs of sugar beet with 
increased land use efficiency and profitability under intercropping conditions. 
This study included seven treatments as follows: T1: Intercropping faba bean 
with sugar beet with application of 90 kg N/fad. T2: Intercropping faba bean with 
sugar beet with application of 90 kg N + 30 m3 FYM/fad. T3: Intercropping faba 
bean with sugar beet with application of 80 kg N + 30 m3 FYM /fad. T4: Inter-
cropping faba bean with sugar beet with application of 70 kg N + 30 m3 FYM 

https://doi.org/10.4236/as.2020.114022


Y. E. El-Ghobashi, A. E. M. Eata 
 

 

DOI: 10.4236/as.2020.114022 373 Agricultural Sciences 

 

/fad. T5: Intercropping faba bean with sugar beet with application of 400 g of 
Cerealine + 30 m3 FYM /fad. T6: Solid culture of sugar beet with application of 
the recommended N fertilizer rate (90 kg N/fad). T7: Solid culture of faba bean 
with application of the recommended N fertilizer rate (20 kg N/fad). Sugar beet 
cultivar “Gloria” and faba bean (Vicia faba L. var. major) cultivar “Spanish” were 
used in this study. Rice crop was the preceding crop and the furrow irrigation 
was the irrigation system in the region. Physical and chemical properties of the 
soil (0 - 20 cm depth) were analyzed by Chemistry and Soils Laboratory, 
EL-Serw Agricultural Experiments and Research Station, ARC (Table 1) ac-
cording to Chapman and Pratt [28]. Calcium super phosphate (15.5% P2O5) was 
applied at rate of 200 kg /fad during soil preparation in the two winter seasons. 
Mineral N fertilizer was applied in form of urea (46% N) in two equal doses; the 
first dose was applied after thinning (35 days after sowing) and the second one 
was applied before the third irrigation (70 days after sowing) according to every 
treatment. 

Fifty kg/fad from K sulfate (48.0% K2O) was applied in two equal doses; the 
first dose was applied during soil perpetration and the second one was applied 
with the second dose of N fertilization. Cerialine (Azospirillum brzsilense and 
Bacillus polymyxa) as commercial products were produced by Bio fertilizer Unit, 
Agriculture Research Center (ARC), Giza, Egypt, which included free-living bac-
teria able to fix atmospheric N in the rhizosphere of soil. FYM that included 30 
m3/fad was incorporated into the soil before sowing according to each treatment. 
FYM was analyzed by Chemistry and Soils Laboratory, EL-Serw Agricultural Ex-
periments and Research Station, ARC (Table 2). 

 
Table 1. Physical and chemical properties of the soil in the experimental site in two 
growing seasons (2016/2017 and 2017/2018). 

Soil properties (0 - 20 cm depth) Growing season 

Physical analysis 2016/2017 2017/2018 

Coarse sand (%) 1.99 1.88 

Fine sand (%) 8.85 9.32 

Silt (%) 22.36 22.50 

Clay (%) 66.90 66.55 

Texture class Clay Clay 

Chemical analysis   

pH 7.25 7.50 

Organic matter, % 0.91 0.94 

Available phosphorus “P” (ppm) 9.32 9.47 

Available potassium “K” (ppm) 194.23 198.12 

Available N (ppm) 42.34 44.52 

Electrical conductivity (E.C.ds/m2) 4.92 4.37 

Exchangeable sodium “Na” (%) 8.87 8.32 
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Table 2. Analysis of FYM in the two growing seasons (2016/2017 and 2017/2018). 

Properties 
Growing season 

2016/2017 2017/2018 

pH 8.04 7.51 

Electrical conductivity (E.C. ds/m2) 3.27 3.12 

Organic matter (%) 10.63 10.40 

C/N ratio (%) 12.04 11.92 

N (ppm) 0.01 0.02 

P (ppm) 0.27 0.30 

K (ppm) 3.96 3.74 

Moisture (%) 30.0 30.00 

 
Seeds of sugar beet and faba bean were inoculated with Cerealine at a rate of 

400 g/fad and Arabic gum was used as a sticking agent at sowing. Sugar beet and 
faba bean seeds were sown on 1st and 5th October in 2016/2017 and 2017/2018 
seasons, respectively. Faba bean and sugar beet yields were harvested on 5th 
March and 20th April in 2016/2017 and 12th March and 25th April in 2017/2018 
seasons, respectively. Sugar beet (main crop) seeds were sown on both sides of 
the beds (1.2 m width) with leaving one plant/hill distanced at 20 cm (35,000 
plants/fad). Faba bean (intercrop) seeds were planted in two rows in the middle 
of sugar beet beds with leaving two plants/hill distanced at 25 cm (56,000 
plants/fad). Solid culture of sugar beet plants was conducted by growing their 
seeds on both sides of the beds (1.2 m width) with leaving one plant/hill (35,000 
plants/fad). Solid culture of faba bean plants was conducted by growing their 
seeds in two rows on ridges (60 cm width) with leaving two plants/hill distanced 
at 20 cm (140,000 plants/fad). The common agricultural practices for growing 
sugar beet and faba bean were used according to the technical recommendations. 
A randomized complete block design with three replicates was used. The plot 
area was 10.8 m2. Each plot consisted of three beds (3.0 m long and 1.2 m wide) 
under solid culture of sugar beet and intercropping. Under solid culture of faba 
bean, each plot consisted of six ridges (3.0 m long and 0.6 m wide). 

2.1. Data Recorded 
2.1.1. Sugar Beet Traits 

1) Yield and its attributes: 
At harvest date (200 days from sugar beet sowing), ten plants were randomly 

taken from each plot to estimate the following traits: number of leaves/plant, leaf 
area/plant (cm2), root length (cm), root diameter (cm), root weight/plant (g) and 
top weight/plant (g). Top and root yields/fad (ton/fad) were recorded on the ba-
sis of experimental plot area by harvesting all plants of each plot (one ha = 2.38 
fad), meanwhile sugar yield/fad (ton) was calculated by root yield/fad (ton) × 
root sucrose (%). 
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2) Chemical analysis of sugar beet: 
Samples of 26 g fresh root were taken for each treatment to determine: 
a) Total soluble solids percentage (TSS %). 
It was estimated by using refractometer set according to A.O.A.C. [29]. 
Sucrose percentage: It was estimated by using sucrometer set. 
b) Purity percentage 
It was estimated as method outlined by Carruthers and Oldfield [30] as fol-

lows: 

( ) ( )
( )

Sucrose %
Purity % 100

TSS %
= ×

 

2.1.2. Faba Bean Traits 
At harvest date, ten plants were randomly taken from each plot to estimate the 
following traits: Plant height (cm), number of branches/plant, pod length (cm), 
number of pods/plant, number of seeds/pod, 100-seed weight (g), seed yield/plant 
(g). Seed yield/fad (ardab = 155 kg) was recorded on the basis of experimental 
plot area by harvesting all plants of each plot (one ha = 2.38 fad). 

2.1.3. Competitive Relationships 
1) Land equivalent ratio (LER) 
It was calculated as the sum of the fractions of the yields or the intercrops rel-

ative to their sole yield according to Andrews and Kassam [31]. 

LER ab ba

aa bb

Y Y
Y Y

= +
 

where; Yab = Intercropped crop yield a (sugar beet), Yba = Intercropped crop 
yield b (faba bean), Yaa = solid crop a (sugar beet), Ybb = Solid crop b (faba bean). 

2) Land equivalent coefficient (LEC) 
LEC is a measure of interaction concerned with the strength of relationship 

[32]. It is calculated as follows: LEC = La × Lb, where: La = relative yield of crop 
a (sugar beet) and Lb = relative yield of crop b (faba bean). 

3) Relative crowding coefficient (RCC) 
It was estimated by multiplying the coefficient (RCC) for the first crop (Kab) 

by the coefficient of the second crop (Kba) as according to Banik et al. [33]. 

( ) ( )
,ab ba ba ab

ab ba
aa ab ab bb ba ba

Y Z Y ZK K
Y Y Z Y Y Z

× ×
= =

− × − ×  
where; Zab = the area ratio of the crop (a) when intercropping, Zba = the area ratio 
of the crop (b) when intercropping. Then, relative crowding coefficient (RCC) was 
evaluated as follows: 

RCC ab baK K= ×  
4) Aggressivity (Agg) 
It mean a comparison of how much relative yield increase for the inter-

cropped crop (a) on crop (b) with the expected crop to find out which of the two 
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crops dominated in yield according to Mc-Gilchrist [34]. 
For crop (a), 

ab ba
ab

aa ab bb ba

Y YA
Y Z Y Z

= −
× ×  

and for crop (b), 

ba ab
ba

bb ba aa ab

Y YA
Y Z Y Z

= −
× ×  

2.1.4. Intercropping Economic Advantage 
1) Total income 
It was calculated by determining the total income of intercropping culture as 

compared to solid culture of sugar beet as follows: Total income of intercropping 
cultures = Price of sugar beet yield + price of faba bean yield. 

2) Monetary advantage index (MAI) 
MAI suggests that the economic assessment should be in terms of the value of 

land saved; this could probably be most assessed on the basis of the rentable val-
ue of this land. MAI was calculated according to the formula, suggested by Wil-
ley [35]. MAI = [Value of combined intercrops × (LER − 1)]/LER. MAI value 
indicates the profit of the cropping system. The average prices of both cops were 
480 L.E. per ton of sugar beet roots and 843 L.E. per ardab of faba bean seeds. 
One USD = 15 Livre Egyptian (L.E.). These statistics were presented by Bulletin 
of Statistical Cost Production and Net Return [36]. 

2.2. Statistical Analysis 

All data were statistically analyzed according to the technique of analysis of va-
riance (ANOVA) for randomized complete block design by means of 
“MSTAT-C” software package and least significant difference (LSD) method was 
used to test the differences between treatment means at 5 % levels of probability, 
as published by Gomez and Gomez [37]. 

3. Results and Discussion 
3.1. Sugar Beet Traits 

Data in Table 3 show that all the studied traits of sugar beet were significantly 
influenced by different N fertilizer combinations in both seasons. Data indicate 
that intercropped sugar beet plants fertilized with T2 (90 kg N + 30 m3 
FYM/fad) gave the highest number of leaves/plant, leaf area/plant, root length, 
root diameter and root weight/plant followed by intercropped sugar beet 
plants that fertilized with T3 (80 kg N + 30 m3 FYM/fad) compared with the 
other treatments in both seasons. Meanwhile, the highest top weight/plant (g) 
was recorded by intercropping faba bean with sugar beet that fertilized with T3 
(80 kg N + 30 m3 FYM/fad) compared with the other treatments in both seasons. 
Obviously, an increase in mineral N fertilizer application can stabilize organic  
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Table 3. Response of intercropping faba bean with sugar beet to bio-organic additives and mineral N fertilizer rates on some sugar 
beet traits in 2016/2017 and 2017/2018 seasons. 

Treatment 
No. of 
leaves/ 
plant 

Leaf area / 
plant 
(cm2) 

Root 
length 
(cm) 

Root 
diameter 

(cm) 

Root 
weight/ 

plant (g) 

Top weight/ 
plant (g) 

Yield (ton/fad) 
T.S.S. 
(%) 

Purity 
(%) 

Sucrose 
(%) Top Root Sugar 

2016/2017 season 

T1 23.67 10,821.67 23.22 10.22 718.82 560.00 27.49 30.09 5.80 22.70 84.98 19.29 

T2 35.55 13,523.33 28.67 15.55 961.70 695.43 32.43 34.33 5.93 21.42 80.86 17.32 

T3 30.89 12,588.33 27.22 14.33 875.46 681.77 28.65 32.83 5.90 21.91 82.10 17.99 

T4 29.56 11,505.67 26.22 12.26 785.41 669.10 23.47 27.04 5.29 23.80 82.35 19.60 

T5 19.33 6165.00 19.56 7.40 601.30 484.67 18.70 20.77 4.21 24.32 83.35 20.27 

T6 27.00 12,238.00 24.89 12.16 792.03 634.33 30.74 37.01 7.23 22.78 85.91 19.57 

LSD at 5% 1.60 239.10 1.28 0.08 49.40 45.00 5.32 3.51 0.66 1.26 1.79 0.27 

2017/2018 season 

T1 25.00 11,050.00 23.22 11.34 758.90 683.92 31.33 33.43 6.57 23.69 80.81 19.66 

T2 36.35 13,929.33 29.33 16.63 1092.32 800.02 33.06 35.38 6.23 22.40 80.22 17.97 

T3 33.80 12,734.33 28.22 15.34 1047.88 792.22 31.47 34.21 6.37 23.20 80.39 18.65 

T4 29.67 11,635.00 27.21 13.29 919.00 782.43 29.97 33.01 6.65 24.98 80.70 20.16 

T5 19.67 6338.33 20.67 8.49 622.67 586.67 23.48 26.25 5.48 25.85 82.99 20.89 

T6 28.33 12,473.33 25.22 13.16 819.00 737.57 34.49 37.60 7.46 23.71 83.76 19.86 

LSD at 5% 1.87 287.14 1.08 0.11 49.18 47.86 0.79 1.63 0.28 0.21 2.72 0.56 

 
matter and retard the mineralization of older soil organic matter [38]. 

It is important to mention that the biological N fixation by faba bean 
should be considered, but in this experiment, there was no way to determine the 
amount of N derived from fixation and absorption from the soil. Also, the N 
percentage in FYM was neglected (Table 2) and not considered in this study be-
cause of its small value. These results may be due to FYM that contained an ac-
ceptable percentage of organic matter (Table 2) integrated positively with 90 or 
even 80 kg N/fad to enhance sugar beet plants for absorbing more soil nutrients 
than the application of the recommended rate of mineral N fertilizer only. Ac-
cording to Johnston et al. [39], soil organic matter accumulation improved soil 
quality through its extensive impacts on soil physical, chemical and biological 
properties. Generally, changes in soil organic matter strongly influence soil N 
turnover because of the importance of available carbon for microbial immobili-
zation [40]. 

However, solid culture of sugar beet with the application of T1 (90 kg N/fad) 
gave the highest top, root and sugar yields/fad, as well as the percentage of purity 
compared with the other treatments in both seasons. These results could be at-
tributed to increase in mineral N fertilizer rate from 70 to 90 kg N/fad increased 
photosynthetic activities within sugar plants which reflected on greater top, root 
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and sugar production per unit area. This was expected as a high N rate enhanced 
vegetative growth and consequently the absorption of other nutrients to meet 
the growth demand. 

Accordingly, it is expected that the uptake of soil N by sugar beet plants in-
creased by increasing the application rate of mineral N fertilizer from 70 to 90 kg 
N/fad with regardless FYM. The positive effect of N fertilizer might be due to the 
increased efficiency of N-fertilization in building up metabolites translocations 
from leaves to developing roots, thus increased dry matter accumulation [41] as 
a result of enhancing meristematic activity, stimulation of cell elongation and 
auxin production [42]. The increase in sugar beet yield/fad of solid culture was 
related to the increased root yield/fad as reported by Abd-El-Kader [43]. 

Although N fixation by legume component in the intercrops was not neces-
sary to increase soil N stocks with increasing mineral N fertilizer level from 70 to 
90 kg N/fad, intercropping faba bean with sugar beet that fertilized with 70 or 80 
kg N + 30 m3 FYM/fad came in the second rank for root and sugar yields/fad af-
ter T6 treatment. These results may be due to the variation between the inter-
crops in their roots changed three dimensions of the rhizosphere of sugar beet 
roots (from the top to the bottom of the soil profile, from North to South and 
East to West); and in turn soil N, P, K, and OM stocks were increased. Legume 
component in the intercrops had an important role in the available soil contents 
that could increase soil carbon which may contribute to better soil structure 
[44]. Also, FYM played an important role in enhancing and restoring a range of 
natural properties of the soil [45]. These results reveal that intercropping faba 
bean with sugar beet altered the dynamics of organic matter turnover and the 
rate of nutrient cycling within the soil with decreasing mineral N fertilizer rate 
from 90 to 70 kg N/fad. Intercropping faba bean with sugar beet with the appli-
cation of T5 (400 g of Cerealine + 30 m3 FYM/fad) had the highest percentages of 
T.S.S. and sucrose followed by T4 (70 kg N + 30 m3 FYM/fad) compared with the 
other treatments in both seasons. These results may be due to the Azospirillum 
brzsilense and Bacillus polymyxa (Cerealine) induced increases in percentages of 
T.S.S. and sucrose especially at an acceptable percentage of organic matter 
(Table 2) as result of modification of the structure of soil microbial communi-
ties, production of exudates by bacteria and changes in levels of available nu-
trients. Thus, it is expected that this biological positive effect was enhanced by 
the high percentage of moisture in FYM (Table 2) that reflected on regulation 
soil temperature and thereby enhancing chemical and biological activities of the 
rhizosphere of sugar beet. In this concern, Timmusk and Wagner [46] showed 
that Paenibacillus polymyxa belongs to the group of plant growth-promoting 
rhizobacteria. Certainly, bio-fertilizers are extremely benefited in enriching soil 
fertility with those micro-organisms, which fix atmospheric N and make plant 
nutrients more available [47]. N-fixing bacteria play a distinct role in the plant 
growth through their effect on N-element availability in the rhizosphere in 
which the plant was grown [48]. 
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Obviously, increasing rate of mineral N fertilizer per fad from 80 to 90 kg 
N/fad was not economically efficient and reduced percentages of T.S.S. and su-
crose. Particularly, Afify et al. [49] reported that the inoculation of sugar beet 
seed with Bacillus megaterium recorded the highest percentage of sucrose for 
five seasons. Meanwhile, organic manure generally increased the percentage of 
sucrose [50]. These results are in agreement with those obtained by Ali [51] who 
showed that the percentage of T.S.S% was significantly increased when plants 
inoculated by Bacillus megaterium. Moreover, Omar [52] found that extractable 
sucrose were slightly increased as FYM increased to 15 and 25 m3/fad in two 
seasons. 

3.2. Faba Bean Traits 

Data in Table 4 indicate that all studied traits of faba bean were significantly af-
fected by different N fertilizer combinations in both seasons. Data indicate that 
solid culture of faba bean with the application of T7 (20 kg N/fad) gave the 
highest plant height, number of seeds/pod and seed yield/fad compared with 
the other treatments in both seasons. With regard to plant height, solid culture 
of faba bean probably formed unfavorable environmental conditions for faba 
bean growth and development and consequently more amounts of plant hor-
mones compared with intercropped faba bean with sugar beet. So, the observed 

 
Table 4. Response of intercropping faba bean with sugar beet to bio-organic additives and mineral N fertilizer rates on some faba 
bean traits in 2016/2017 and 2017/2018 seasons. 

Treatment 
Plant height 

(cm) 
No. of branches 

/plant 
Pod length 

(cm) 
No. of 

Pod /plant 
No. of seeds 

/pod 
Seed index 

(g) 
Seed yield/plant 

(g) 
Seed yield 

(ardab/fad) 

2016/2017 seasons 

T1 66.01 5.67 13.33 8.33 4.44 85.57 70.78 6.41 

T2 94.54 7.14 15.87 9.79 3.81 89.89 92.78 6.62 

T3 83.00 6.42 15.04 11.00 4.23 115.67 108.78 7.41 

T4 71.00 6.29 14.28 12.78 5.00 126.56 127.78 8.41 

T5 61.67 4.35 12.51 7.48 3.67 80.22 79.44 4.39 

T7 109.47 5.81 14.43 10.78 4.96 86.89 87.03 14.57 

LSD at 5% 5.47 0.37 0.45 1.47 0.79 31.34 13.75 0.42 

2017/2018 seasons 

T1 85.23 6.11 14.57 11.56 4.33 85.22 84.22 7.07 

T2 104.64 7.46 16.67 10.78 5.78 92.00 93.89 6.70 

T3 93.34 6.22 15.68 13.00 5.22 117.67 103.89 7.77 

T4 83.55 5.43 14.65 15.78 5.33 125.53 134.22 8.66 

T5 73.10 3.90 12.11 9.67 3.66 82.22 82.78 4.81 

T7 115.74 7.11 17.40 13.78 5.22 106.22 118.89 15.79 

LSD at 5% 5.89 0.96 0.79 1.59 0.81 3.05 9.51 0.14 
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response in plant height of soybean may be primarily attributed to an increase 
of internode elongation of faba bean plant as a result of increasing plant hor-
mones. With respect to number of seeds/pod, these data may be attributed to 
intra-specific competition for basic growth resources between the same species 
(faba bean) was less than inter-specific competition between the two species (fa-
ba bean + sugar beet). 

On the other hand, it seems that faba bean plant density per unit area played a 
major role in its productivity per unit area where it reached 40% of solid culture 
under intercropping conditions. Similar results were obtained by Mohammed et 
al. [7], El-Ghobashi [8], Abdel-Galil et al. [9] and El-Shamy et al. [27]. who in-
dicated that faba bean productivity was lower in intercropping than solid plant-
ings. On the other hand, the highest number of branches/plant and pod length 
were achieved by intercropped faba bean plants that fertilized with T2 (90 kg N + 
30 m3 FYM/fad) followed by intercropped faba bean plants that fertilized with T3 
(80 kg N + 30 m3 FYM/fad) compared with the other treatments in both seasons. 
These results could be due to the application of 90 kg N+ 30 m3 FYM/fad leng-
thened the vegetative stage and enhanced efficiency of the photosynthetic process 
of faba bean which reflected on number of branches/plant and pod length. 
Meanwhile, intercropped faba bean plants that fertilized with T4 (70 kg N + 30 
m3 FYM/fad) gave the highest number of pods per plant, number of seeds per 
pod, seed index and seed yield per plant compared with the other treatments in 
both seasons. It is worthy to note that intercropping faba bean with sugar beet 
that fertilized with 70 kg N + 30 m3 FYM/fad came in the second rank for seed 
yield/fad after solid culture of faba bean that fertilized with 20 kg N/fad. These 
results could be attributed to a decrease in mineral N fertilizer rate from 90 to 70 
kg N/fad enhanced the efficiency of faba bean to fix more atmospheric N2 and 
solubilize P as a result of the production of organic acids and enzymes [53]. It is 
known that the interaction between soil type, plant species and rhizosphere loca-
lization of bacterial community affected bacterial community composition [54]. 
Moreover, the contents of FYM (Table 2) may be integrated positively with rhi-
zobia of faba bean plants in their rhizosphere. Adequate moisture availability in 
soil increased various physiological processes, better of nutrients uptake, higher 
rates of photosynthesis which might reflected on more number and area of 
leaves and higher yields [55]. Thus, it is likely that the intercropping faba bean 
with sugar beet that fertilized with 70 kg N + 30 m3 FYM/fad sustained growth 
of new tillers development during pod-setting and seed filling compared with 
the other treatments as a result of increasing soil N availability. These results 
show that there was some degree of resource complimentarily between the two 
species by decreasing mineral N fertilizer rate from 90 to 70 kg N/fad. 

3.3. Competitive Relationships 
3.3.1. Land Equivalent Ratio (LER) 
Data in Figure 1 show that relative yield (RY) of sugar beet contributed positively  
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Figure 1. Response of intercropping faba bean with sugar beet to bio-organic additives 
and mineral N fertilizer rates on LER in 2016/2017 and 2017/2018 seasons. 

 
in LER more than RY of faba bean in both seasons. LER values were ranged be-
tween 0.86 and 1.40 in the first season and 1.00 and 1.41 in the second season. In 
general, the highest LER was achieved when faba bean intercropped with sugar 
beet and fertilized by T3 (80 kg N +30 m3 FYM/fad). On the other hand, the 
lowest LER (0.86 and 1.00 in the first and second seasons, respectively) was 
achieved by the application of T5 (400 g of Cerealine + 30 m3 FYM/fad) for in-
tercropping faba bean with sugar beet. 

It is likely that that T5 (400 g of Cerealine + 30 m3 FYM/fad) increased intra 
and inter-specific competition between the same and different species, respec-
tively for climatic and edaphic environmental conditions compared with the 
other treatments. These results reveal that application of 80 kg N +30 m3 
FYM/fad for intercropping faba bean with sugar beet caused a yield advantage 
because of the component crops were differed in their utilization of growth re-
sources. Similar results were obtained by El-Shamy et al. [27] and Hamadany 
and El-Aassar [56]. 

3.3.2. Land Equivalent Coefficient (LEC) 
LEC is a measure of interaction concerned with the strength of relationship. LEC 
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is used for a two-crop mixture the minimum expected productivity coefficient 
(PC) is 25 percent, that is, a yield advantage is obtained if LEC value was ex-
ceeded 0.25. Data in Figure 2 show that relative yield (RY) of sugar beet contri-
buted positively in LEC more than RY of faba bean in both seasons. LEC values 
were ranged between 0.30 and 0.45 in the first season and 0.30 and 0.46 in the 
second season. In general, the highest LEC was achieved when faba bean inter-
cropped with sugar beet and fertilized by T3 (80 kg N +30 m3 FYM/fad). On the 
other hand, the lowest LEC (0.30 in both seasons) was achieved by the applica-
tion of T5 (400 g of Cerealine + 30 m3 FYM/fad) for intercropping faba bean with 
sugar beet. 

It is likely that that T5 (400 g of Cerealine + 30 m3 FYM/fad) increased intra 
and inter-specific competition between the same and different species, respec-
tively for climatic and edaphic environmental conditions compared with the 
other treatments. Application of T3 (80 kg N +30 m3 FYM/fad) for intercropping 
faba bean with sugar beet caused a yield advantage because of the component 
crops were differed in their utilization of growth resources. 

3.3.3. Relative Crowding Coefficient (RCC) 
Data in Figure 3 indicate that RCC was higher than the unit advantage in all  

 

 
Figure 2. Response of intercropping faba bean with sugar beet to bio-organic additives 
and mineral N fertilizer rates on LEC in 2016/2017 and 2017/2018 seasons. 
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Figure 3. Response of intercropping faba bean with sugar beet to bio-organic additives 
and mineral N fertilizer rates on RCC in 2016/2017 and 2017/2018 seasons. 

 
treatments in both seasons. The best results were obtained by application of T2 
(90 kg N + 30 m3 FYM/fad) for intercropping faba bean with sugar beet (10.68 
and 11.75 in the first and second seasons, respectively) followed by T3 (80 kg N + 
30 m3 FYM/fad). Meanwhile, the reverse was true for T5 (400 g of Cerealine + 30 
m3 FYM/fad) in both seasons, where RCC value was 0.55 in the first season and 
1.01 in the second season. These results could be due to the increase in mineral 
N fertilizer rate from 70 to 90 kg N/fad integrated positively with FYM to en-
hance growth and yield components traits for both species that reflected posi-
tively on their yields. Similar results are in accordance with El-Din [10]. 

3.3.4. Aggressivity (Agg) 
Results in Figure 4 show that faba bean was the dominant intercropped compo-
nents and sugar beet was dominated in all treatments in both seasons. These re-
sults may be due to there was higher intra-specific competition between plants of 
sugar beet than faba bean plants for available environmental resources. The 
present results reveal clearly that plants of faba bean had higher competitive ab-
ilities for basic growth resources than sugar beet plants. Faba bean was more ag-
gressive than that of sugar beet. Accordingly, decreasing mineral N fertilizer rate 
from 90 to 70 kg N/fad generated high competition for assimilate distribution  
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Figure 4. Response of intercropping faba bean with sugar beet to bio-organic additives 
and mineral N fertilizer rates on Agg in 2016/2017 and 2017/2018 seasons. 

 
between organs of sugar beet plant, and then affected negatively top, root and 
sugar yield/fad. 

3.4. Intercropping Economic Advantage 
3.4.1. Total Income 
Total income of intercropped faba bean with sugar beet compared with solid cul-
ture of sugar beet are shown in Table 5. Total income values were ranged between 
13,561 L.E./fad and 21,907 L.E./fad in the first season, and 16,544 L.E./fad and 
22,946 L.E./fad in the second season. 

Intercropping faba bean with sugar beet with application of T2 (90 kg N +30 
m3 FYM/fad) and T3 (80 kg N +30 m3 FYM/fad) increased total income by 23.31 
and 22.91%, respectively, compared with solid culture of sugar beet in the first 
season. In the second season, intercropping faba bean with sugar beet with ap-
plication of T4 (70 kg N +30 m3 FYM/fad) and T3 (80 kg N +30 m3 FYM/fad) in-
creased total income by 27.13 and 26.28%, respectively, compared with solid 
culture of sugar beet. 

3.4.2. MAI 
The economic performance of the intercropping was evaluated to determine if  
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Table 5. Response of intercropping faba bean with sugar beet to bio-organic additives 
and mineral N fertilizer rates on intercropping economic advantage in 2016/2017 and 
2017/2018 seasons. 

Treatments 
Total income (L.E./fad) MAI 

2016/2017 2017/2018 2016/2017 2017/2018 

T1 19,691 21,844 3938.20 5542.50 

T2 21,907 22,476 6032.36 6070.16 

T3 21,835 22,792 6238.57 6512.00 

T4 19,867 22,946 4701.35 6672.24 

T5 13,561 16,544 -- -- 

T6 17,765 18,048 -- -- 

 
faba bean and sugar beet combined yields are high enough for the farmers to 
adopt this system. In the first season, intercropping faba bean with sugar beet 
with application of T3 (80 kg N + 30 m3 FYM/fad) were higher in MAI than the 
other treatments (Table 5). Meanwhile, intercropping faba bean with sugar beet 
with application of T4 (70 kg N + 30 m3 FYM/fad) or T3 (80 kg N + 30 m3 FYM) 
were higher in MAI than the other treatments in the second one. There were 
gradual and consistent increases in MAI values with decreasing mineral N ferti-
lizer rate from 90 to 80 kg N/fad under intercropping conditions. These results 
reveal that intercropping faba bean with sugar beet with application of 80 kg N + 
30 m3 FYM/fad gave high MAI and could be recommended. Application of T5 
(400 g of Cerealine + 30 m3 FYM/fad) for intercropping faba bean with sugar 
beet resulted in a major economic loss as evidence of MAI demonstrated this 
economic failure with application of Cerialine as a supplement to mineral nitro-
gen deficiency. Generally, these results indicate that growing faba bean with 
sugar beet that fertilized by 80 kg N + 30 m3 FYM/fad is more profitable to far-
mers than solid culture of sugar beet that received 90 kg N/fad. Similar results 
were obtained by Soliman et al. [57] and El-Shamy et al. [27]. 

4. Conclusion 

According to our results, it can be concluded that the combination of mineral N 
fertilizer (80 kg N/fad) with FYM (30 m3/fad) has a better impact on the soil nu-
trient availability, yields of the intercrops (faba bean and sugar beet), competi-
tive relationships and yield advantage than growing sugar beet alone that re-
ceived the recommended mineral N fertilizer rate. 
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