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ABSTRACT

Field trial was conducted at El-Serw Research Station, A.R.C., Damietta Governorate, during
2017/2018 and 2018/2019 seasons to study the intercropping faba bean plant densities (33.3, 25.0 and
16.7%) with three sugar beet variety or genotype namely; Glorius (Z), Lilly (N) and Cleopatra (E). Split
plot design with three replications was used. Results showed that the interaction between sugar beet varieties
and faba bean plant densities significantly affected leaf area index (LAI), root diameter, root and sugar yields
fed! and sucrose % in both seasons and other traits significantly affected in one season. Intercropping faba
bean with Glorius variety had the highest yield and its attributes of faba bean comparison to those
intercropping with other varieties in both seasons. Yield attributes of faba bean significantly increased by
decreasing faba bean plant density from 33.33 to 16.7%, while the converse was hold true for plant height
and seed yield fed? in both seasons. All studied traits of faba bean were not affected significantly by the
interaction between sugar beet varieties and plant densities of faba bean in both seasons, except plant height
in second season. The total land equivalent ratio (LER) and relative crowding coefficient (RCC) values were
greater than one in all the studied treatments providing advantages of intercropping faba bean with sugar
beet has advantages. Faba bean was dominant crop. Intercropping faba bean plants at 25% plant density
with Glorius variety had the highest LER (1.29 and 1.33) and MAI (3449 and 4267) in both seasons.

Keywords: Beta vulgaris L., Vicia faba L., sugar beet varieties, faba bean plant densities, land equivalent ratio

(LER), monetary advantage index (MAI).

INTRODUCTION

The efficiency and the advantage of an intercropping
system are fundamentally dependent on the complementarities
between the component crops. Since, variations in plant
architecture of the component crops help a better utilization of
the available resources (Liebman, 2002). Also, modification of
planting density along with suitable genotype can be a viable
tool for maximizing land usage and net return in intercropping
systems (Dhima et al., 2007).

Several studies indicated that sugar beet varieties
significantly differed for root length, diameter, TSS%, sucrose%,
sugar, top and root yields fed™ (Afez 2016;Aly and Khalil, 2017;
Gadallah, and Tawfik, 2017 and Behera and Arvadia, 2018).
Differences among sugar beet varieties for leaf area index (LAI),
root fresh weight plant?, foliage fresh weight plant?, root
diameter and total dry weight plantwere also detected by Aly et
al. (2017). Usmanikhail et al. (2013) reported significant
differences among the three sugar beet varieties in leaf area, mean
root weight and beet root yield, while they had nearly the same
percentage of sucrose either in the sole crop or under
intercropping systems. Masri and Safina (2015) found that sole
planting of Carola had maximum beet root weight, beet root yield
and sugar yield fedin both seasons, followed by Farida when
planted as a sole crop. Meanwhile, the highest gross revenue and
net returns resulted from intercropping sugar beet varieties Carola
and Glorius with onion, respectively.

Sugar beet (Beta vulgaris L.) is considered the first sugar
crop in Egypt and the second in the world. Recently Egypt faces a
great gab between consumption and production of both faba bean
and sugar. So increasing faba bean and sugar production is
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necessary to meet demands of Egyptian population. One of the
approaches to increase faba bean and sugar production is using
intercropping system to raising unit area productivity. Sugar beet
(Cscrop) has a slow growth rate, especially at early growth stages.
It needs long duration till the crop canopy developing and be able
to receive not less than 75% of incident sun irradiance which
encourage to intercropping some winter crops with sugar beet and
diminish losses in solar energy, increased food production per unit
area and farmers benefit. Intercropping faba bean (Vicia faba L.)
with sugar beet has particular importance to replenish faba bean
gap (Zohry and Ouda, 2015), enriching soil fertility by fixing
biological N (Manna et al., 2003), increased LER and net income
with insignificant reduction in sugar beet yield (Salama et al.,
2016, Abd El Lateefet al., 2019 and Zohry, and Ouda. 2019).
Inappropriate planting density of the intercropping crops
developing site resources competition is the principal reason for
the low productivity (Hauggaard-Nielsen et al., 2006). Abd El-
All (2002) found that the highest values of LER were obtained
when 16 plants m? of faba bean were intercropped with sugar
beet, but the highest yield of sugar beet was obtained from
intercropping 5 plantsm? of faba bean. The intercropping pattern
includes 100% sugar beet plus 12.5% faba bean recorded the
highest sugar beet root yield, while the highest LER and net
income recorded with 100% sugar beet + 33% faba bean
(Mohammed et al. 2005). EI-Shamy et al (2016) found that the
faba bean plant density (17,500 plant fed) gave the greatest
values of number of branches plant?, number of pods plant?,
number of seedsplant?, weight of 100 seeds, straw yield fed™?,
seeds yield fed™, protein percent, root diameter (cm), fresh leaves
weight plant?, fresh root weight plant?, dry leaves weight plant™,
dry root weight plant® and root yield fed?in both seasons and
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number of leaves plant™ in the first seasons only, while the dense
population of faba bean plants (70,000 plant fed™) recorded the
lowest values in all previous characters for both crops. Hamdany
and El-Aassar (2017) reported that root diameter, root fresh
weight, top fresh weight, root yield fed™, top yield fed?, TSS and
sucrose% were significantly increased by reduced faba bean
plant densities from 37.5% to 12.5%, except root length and
purity % were decreased. On the other hand, plant height, straw
and seed yield fed? of faba bean, LER, total return, net profit
fed? and monetary advantage index (MAI) were increased with
increasing faba bean plant population from 12.5 to 25 and 37.5%
of its pure stand. The density reducing of faba bean plants
intercropping with sugar beet, which leads to low density for both
crops per unit area resulted in minimizing the intra and inter
competition of both crops leads to high 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 (Ibrahim, 2018).

The goal of this research to obtain the best faba bean
plant density intercropping with suitable sugar beet variety or
type (E, N, Z) to optimize yield and quality of sugar beet and
seed yield of faba bean, maximizing land usage and net return
under salt affected soils conditions at Damietta Governorate.

MATERIALS AND METHODS

Two field experiments were carried out at El-Serw
Agricultural Experiments and Research Station, ARC,
Damietta Governorate, Egypt, during 2017/2018 and
2018/2019 winter seasons. The preceding summer crop was
rice during the two growing seasons. Soil samples at 0-30 cm
depth were taken before planting and soil properties were
determined according to Jackson (1973).

Table 1. Mechanical and chemical analyses at the experimental sites during both seasons.

Physical properties First season  Second season Chemical properties First season  Second season
pH 8.10 8.31

Sand (%) 22 20 EC (mmhos cm?) 4.60 4.85

Silt (%) 33 35 OM (%) 0.98 0.92

Clay (%) 45 45 Available N (mg kg) 32.00 30.00

Texture class Clay Clay Available P (mg kgl) 8.23 8.45
Exchangeable K (mg kg™ 450.00 465.00

Soluble cations meq L™ Soluble anions meg L

Na* 35.30 38.40 COs - -

K* 053 0.55 HCOs 2.34 322

Ca™* 3.65 3.78 Cr 34.56 3755

Mg 3.76 3.88 SOq4 6.34 5.84

The treatments were the combination between three
sugar beet varieties and three plant densities of faba bean. Each
variety represents type of sugar beet genotypes (Z, N and E).
Split-plot design with three replications was used. Sugar beet
varieties were randomly assigned to the main-plots and faba
bean plant densities were allocated in sub-plots. The area of
plot was 14.4 m?, it consisted of 4 beds, and each bed was 3.0
m in length and 1.2 m width.

The experiment treatments were as follows:
I- Sugar beet genotypes
1.Glorius variety (Z) was developed by Strube Company,
Germany.
2.Lilly variety (N) was developed by Maribo Seed Company,
Denmark.
3.Cleopatra variety (E) was developed by Deprez Company,
France.
l1-Faba bean plant densities were:
D1: Faba bean intercropped with sugar beet bed at 15 cm apart
between hills (33.3% of its pure stand).
D2: Faba bean intercropped with sugar beet bed at 20 cm apart
between hills (25.0% of its pure stand).
D3: Faba bean intercropped with sugar beet bed at 30 cm apart
between hills (16.7% of its pure stand).

Sowing date of sugar beet varieties was done on October
15Mand 20" in first and second seasons, respectively. Meanwhile,
faba bean Giza 716 cultivar was sown on November 13%and 17"
in first and second seasons, respectively. Sugar beet varieties
were sown on hills spaced 20 cm on both sides of the bed 120 cm
apart both of intercropping and sole culture to achieve full stand
(35,000 plants fed™). Three weeks after sowing sugar beet weeds
were controlled and sugar beet was thinned with leaving one
plant hill™X. Meanwhile, faba bean seeds were sown on the top of
the bed in two lines at a spaced 15, 20 and 30 cm between hills
and then thinned to one plant/hill, which achieved 33.3, 25.0 and
16.7% of its pure stand (in intercropping culture). In sole culture,
faba bean was sowing in 2 lines on both sides (2 linesside™®) of the
bed had 20 cm between hills.

The soil of the experiments was prepared as recommended
for sugar beet crop. The phosphorus fertilizer was basally applied
in the form of calcium super phosphate (15.5 % P,Os) at the rate of
200 kg fed™ during soil preparation. Nitrogen fertilizer was applied
for sugar beet as ammonium nitrate at rate of 90 kg N fed™.
Potassium fertilizer was added in the form of potassium sulphate
(48% K,0) at the rate of 48 kg fed X in two equal doses at the second
and third irrigations. All the other recommended cultural practices
for sugar beet and faba bean production were done.

Data recorded:
1: Sugar beet
A- Growth attributes:

Ten plants were taken at random and uprooted
carefully from the middle ridge of each plot after 180 days
from sowing date to estimate the following traits:

1- Number of leaves plant?
2- Leaf area index (LAI): It was estimated by the following
formula
leaves area per plant (cmz)
plant ground area (cmz)
B- Yield and Yield attributes:

At harvest time five plants were randomly taken from

each sub-plot to estimate the following traits:

1- Root length (c 2- Root diameter (cm).

3- Root fresh weight plant™ (g). ~ 4- Top fresh weight plant™* (g).

5- Root top ratio.

6- Sucrose %: It was estimated polarimetrically on a lead
acetate extract of fresh macerated roots.

7- Top yield feddan? (ton). 8- Root yield feddan' (ton).

9- Sugar yield feddan'* (ton). It was calculated by multiplying
root yield by root sucrose %.

2- Faba bean:

- Growth characters

1- Plant height (cm).

-Yield and yield components:

1- Number of pods plant™.

3- Seed weight plant™? (g).

Leaf area index =

2- Number of branches plant™

2- Weight of 100-seeds ().
4- Seed yield feddan™ (ardab).
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Competitive relationships:

1- Land equivalent ratio (LER). Land equivalent ratio
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 = (Ys/Ys) + (Yi/ Y1)
Where Y= Pure stand yield of crop s (sugar beet), Y= Pure stand yield

of crop f (faba bean), Y= Intercrop yield of crop s (sugar beet)
and Y = Intercrop yield of crop f (faba bean).)

The values of LER were estimated by using data of
recommended sole cultures of both crops. When LER of more than
unity indicates yield advantage, equal to unity indicates no gain or
no loss and less than unity indicates yield loss (Vandermeer, 1989).
2- Aggressivity (A): It mean a comparison of how much relative

yield increase for the intercropped crop s (sugar beet) on crop f

(faba bean) with the expected crop to find out which of the two

crops dominated in yield according to Mc-Gilchrist, (1965).
For crop (),

st st
A%f = -
Yo xZg YgxZyg
and for crop (f),
st st

A, = -
Yo xZo Y xZg
3- Relative crowding coefficient (RCC): It was estimated by
multiplying the coefficient (K) for the first crop (Ks) by the
coefficient of the second crop (Ks), described by De Wit
(1960) as follows:

K=K, xK,
K. - Yo xZg _ Y xZy
st = s =
(Yss _st)xzsf (Yff _st)xzfs
Where; zs=thearea ratio of the crops (sugar beet) under intercropping
Zs =the area ratio of the crop f (faba bean) under intercropping

Economic evaluation:

Farmer’s income was calculated by determining the
total costs and net return of intercropping culture as compared
to recommended solid culture of sugar beet.

- Total return of intercropping cultures = Price of sugar beet
yield + price of faba bean yield (LE). The average of sugar
beet and faba bean price were presented by Bulletin of
Statistical Cost Production and Net Return (2018). The local
prices were 480 and 843 LE of one ton of sugar beet and one
ardab of faba bean seeds, respectively.

- Monetary advantage index (MAI): Suggests that the
economic assessment should be assessed on the basis of the
rentable value of this land. MAI was calculated according to
the formula suggested by Willey (1979).

MAI= Value of combined intercrops x (LER-1/LER)

The Statistical Analysis:

The measured variables were analyzed by ANOVA
using MSTATC statistical pack-age (Freed, 1991) and
treatment means were compared by LSD test at the 5 % level
of probability according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

A. Sugar beet
I. 1. Effect of sugar beet varieties:

Results presented in Table 2 shows clearly that sugar
beet varieties were significantly differed in number of leaves
plant?, leaf area index (LAI), root diameter, root and top
weight plant® in both seasons, but root length was
insignificantly differed in the first season. Sugar beet variety
Cleopatra gave the highest values for the previously traits
compared with the other varieties in both seasons. The
variance between tested sugar beet varieties in measured traits
might be due to the superiority of Cleopatra variety in number
of leaves plantland leaf area index (LAI) traits, which it
essentially was related to their gene makeup action that plays
vital roles in plant morphology and structure (Aly et al., 2017).

Itis indicated that Cleopatra variety was more effective
in translocating photosynthesis substances from leaves to the
developing root and top weight plant™ than Glorius and Lilly
varieties under intercropping conditions. The differences
among sugar beet varieties were found by Afez (2016) for root
length and root diameter, Aly and Khalil (2017) for root fresh
weigh plant?, Aly et al.(2017) for leaf area index (LAI), root
fresh weight plant™, foliage fresh weight plant?, root diameter
and total dry weight plant™.

Table 2. Effect of sugar beet varieties on growth, yields and its attributes during 2017/2018 and 2018/2019 seasons.

Character No. of Root Root Top wei?ht Rootweight (Root  Topyield Rootyield Sugar Sucrose
Sugar beet leaves LAl  length diameter plant plant? top™) fed! fed? yield fed? (%)
variety plant? (cm) (cm) (@ ()] ratio ® ® ® °
2017/2018 season
Glorius 20.00 6.97 18.85 14.36 47352 686.54 142 16.12 24.42 457 18.72
Lilly 22.64 754 19.05 16.00 575.89 813.90 1.46 19.43 27.98 437 15.64
Cleopatra 2993 795 2120 18.84 650.73 868.33 133 21.04 29.82 4.27 14.35
LSD at 0.05 1.73 0.48 N.S 177 9.96 9.28 0.43 141 215 N.S 0.55
2018/2019 season
Glorius 22.03 7.30 20.67 14.93 509.35 734.17 144 16.59 26.84 482 17.96
Lilly 24.93 797 21.20 16.52 622.97 876.92 141 20.77 30.72 451 14.70
Cleopatra 31.99 8.46 23.34 19.31 709.89 997.68 1.40 23.20 32.86 461 14.03
LSD at 0.05 1.33 1.18 1.84 148 11.28 12.12 0.30 143 2.14 NS 0.70

The variation due to varieties was significant for (root
top™?) ratio, top yield fed™ and root yield fed™ as well as sucrose %
in both seasons, while variations in sugar yield fed? not reach to
the level of significance in both seasons (Table 2). The highest top
yield (21.04 and 23.20 ton fed™) and root yield (29.82 and 32.86
ton fed™?) were recorded with Cleopatra followed by Lilly variety,
while the lowest ones (16.12 and 16.59 ton fed™) and (24.42 and
26.84 ton fed?) were found with Glorius for the previous
mentioned traits in the first and second seasons, respectively, vice
versa for root/top ratio. The superiority of Cleopatra in root yield
may be due to the reflecting of increasing root length, root

diameter and top and root weight plant® especially there was a
positive and highly correlated relationship with root yield fed™ . A
positive linear relationship between root yield with individual beet
weight and root length was observed, with those of Paul et al.
(2019). With regard to sugar yield fed? and sucrose %, results
indicated that the sugar yield fed™ slightly differed among sugar
beet varieties. The highest sugar yield (4.57 and 4.82 ton fed™) was
produced by Glorius, followed by Lilly (4.37 and 4.51 ton fed™),
which at par with Cleopatra (4.27 and 4.61ton fed™). Meanwhile,
sugar beet varieties significantly differ in sucrose %, where the
maximum sucrose % (18.72 and 17.96 %) was recorded with
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Glorius variety followed by Lilly (15.64 and 14.70%) and the
lowest one was observed by Cleopatra (14.35 and 14.03)
2. Effect of faba bean plant densities:

The faba bean plant density significantly affected yield
and yield attributes of sugar beet in both seasons (Table 3).
Decreasing plant density of faba bean plants from 33.3 to 25 and
16.7%significantly increased number of leaves plant?, LAI, root
length, root diameter and fresh top and root weight plant® of
sugar beet in both seasons, except root length in the second
season. The increases of these traits could be attributed to better
light distribution throughout their canopy as a result of their lower
density, such distribution improves light utilization. It is
important to mention that, plant density of faba bean could be
related to the proportion of solar radiation that reaches to sugar
beet plants during growth and development of sugar beet (ljoyah
et al., 2015). These results are in agreement with those reported
by Ibrahim (2018) who found that reducing faba bean plants
density when it was intercropped with sugar beet, resulted in
minimizing the intra and inter competition of both crops leads to
high efficiency of solar radiation utilized by sugar beet, and
consequently high accumulation of dry matter.

Results in Table 3 indicated clearly that (root top™)
ratio, top, root and sugar yields fed™ as well as sucrose % were
significantly increased by decreasing plant density of faba
bean plants from 33.3, 25.0 up to 16.7% in both seasons. Faba
bean intercropping with sugar beet at 16.7% plant density
increased root and sugar yields fed by 18.52 and 17.69 % in
first season and 17.09 and 13.66 % in second seasons,
respectively, as compared to 33.3%. The increase in root
yields fed? being strongly related to root performance, i.e.
root length, diameter and fresh weight plant™. The increase in
sugar yield might due to 16.7% was superior in root yield fed-
L. The increase of root yield fed might have attributed to the
less intra and inter-specific competition for light and nutrients
as well as mutual shading in case of 16.7%. These results are
in agreement with those obtained by Mohammed et al. (2005)
and lbrahim (2018). El-Shamy et al (2016) found that
intercropping faba bean at low plant density (17,500 plant
fed?) with sugar beet gave the greatest values of root yield
fed? in both seasons and number of leaves plantin the first
seasons only, while the high faba bean plant density (70,000
plant fed™) achieved the lowest values of sugar beet traits.

Table 3. Effect of faba bean plant densities on sugar beet growth, yields and its attributes during 2017/2018 and 2018/2019

seasons.

Character No. of Root Root  Top weight Rootweight (Root  Topyield Rootyield Sugar Sucrose

Faba bean leaves LAl length diameter  plant plant? top™) fed! fed? yield (%)

plant density  plant® (cm) (cm) (9) (9) ratio (® ® fed? (t) °
2017/2018 season

33.3% 2088 576 1895  14.97 521.49 695.05 135 17.53 24.95 4.09 16.50

25.0% 2438 753 19.93 16.48 568.67 79751 142 18.31 27.70 4.46 16.26

16.7% 2731 917 2023 17.75 609.98 876.21 145 20.74 29.57 4.66 15.95

LSD at 0.05 101 054 NS 1.10 6.21 6.61 0.15 1.24 1.04 0.41 0.52
2018/2019 season

33.3% 2299 609 2111 1551 557.30 766.98 1.38 1853 27142 4.32 15.89

25.0% 2650 806 2170 17.19 611.63 864.42 141 20.55 30.73 4.72 15.48

16.7% 2946 958 2239 18.06 673.28 977.36 1.46 21.48 32.27 491 15.33

LSD at 0.05 097 085 181 137 8.49 6.36 0.26 127 119 0.46 047

3. Interaction effects:

Leaf area index, root diameter, root weight plant™, top
yield fed™ root and sugar yield fed? as well as sucrose% were
significantly affected by the interaction between sugar beet
varieties and plant densities of faba bean plants in both seasons,
but number of leaves plant® and top weight plant® were
significantly affected in the second and first seasons, respectively,
meanwhile (root top™) ratio and root length were insignificantly
affected in both seasons (Table 4). The highest values of the
previous mentioned traits were obtained by intercropping faba
bean with sugar beet Cleopatra at 16.7% of pure plant density
compared with the others, except sugar yield and sucrose %. This
effect may be due to genetic effect of Cleopatra variety as well as
lower density of faba bean allow more solar radiation intercepted
by sugar beet plants, which reflected positively on more
translocation and stored of photosynthetic metabolites to the root.
Abd EI-All (2002) found that the highest yield of sugar beet was
obtained from intercropping 5 plants m of faba bean compared
to 16 plants m of faba bean.

Meanwhile, the highest sugar yield fed™ (4.87 and 5.15
ton fed) was obtained by grown Glorius variety with faba bean
at 16.7% in both seasons, while intercropping faba bean with
sugar beet at high density produced the highest sucrose %, which
were 18.91% at 25% of faba bean plant density in first season and
18.24% at 33.3% of faba bean density in second season. These
results attributed to high density of faba bean plants decrease root
weight and diameter resulting in decreasing tissue, water content
and non-sucrose substance consequently increased sucrose
percentage in sugar beet roots. Similar results were obtained by
Ibrahim (2018) reported that significant reduction in TSS,

sucrose and purity percentages as the plant density of faba bean
intercropped with sugar beet decreased.

B. Faba bean

I1. 1. Effect of sugar beet varieties:

Plant height, number of branches plant?, number of
pods plant?, 100-seed weight, seed yield plantand seed yield
fed were significantly affected by sugar beet varietal variation
in both seasons (Table 5).

With respect to plant height, intercropping faba bean with
Cleopatra variety produced the tallest plants than those of
intercropped with other varieties Glorius or Lilly in both seasons.
On the contrary, the shortest faba bean plants were produced with
Glorius variety in both seasons. These results probably due to
differences in canopy architecture of sugar beet varieties, which
induce a shading percentage around faba bean plants with varying
light proportions. Differences in growth habit and vegetative traits
among sugar beet genotypes may be led to differential
performance of faba bean under intercropping systems.

With regard to yield and its attributes of faba bean,
intercropping faba bean with Glorius variety had the highest
number of branches plant?, number of pods plant?, 100-seed
weight, seed yield plant? and seed yield fed? compared with
those of intercropped with Cleopatra and Lilly in both seasons
(Table 5). Intercropping faba bean with Glorius variety increased
seed yield fed™ by 11.62 and 33.3% in the first season and by 7.34
and 29.64% in the second season, compared to intercropping
faba bean with sugar beet varieties Lilly and Cleopatra,
respectively. The obtained results indicated that LAl and root size
of variety Glorius played a major role to furnish better above and
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underground conditions for faba bean growth and development.
The current findings imply that canopy architecture of variety
Glorius contributed largely in climatic resources availability

particularly solar energy, which reflected positively on more
translocation of photosynthesis metabolites to the pod.

Table 4. Interaction effect between sugar beet varieties and faba bean plant densities on sugar beet growth, yield and its
attributes during 2017/2018 and 2018/2019 seasons.

Sugar beet Fababean No. of leaves LAI Root diameter Top weight Root weight Top yield Root %/ield Sugar yield Sucrose
variety plant density  plant?® (cm) plantl(g) plant’(g) fed®(t) fed™(t) fed(t) (%)
2017/2018 season
33.3% 17.01 521 13.20 424.21 604.47 14.19 22,61 4.20 1857
Glorius 25.0% 19.97 6.82 14.18 481.93 699.40 16.52 2458 4.65 18.91
16.7% 23.02 8.88 15.69 514.42 755.76 17.64 26.08 4.87 18.67
33.3% 19.07 5.84 14.05 534.64 723.35 17.97 25.30 407 16.09
Lilly 25.0% 22.87 7.66 16.25 57151 820.68 19.22 28.35 4.46 15.74
16.7% 25.98 9.10 17.70 621.51 897.68 21.09 30.28 457 15.09
33.3% 26.55 6.13 17.66 605.63 757.34 20.44 26.93 4,00 14.84
Cleopatra 25.0% 30.29 8.11 19.00 652.57 872.46 19.19 30.18 4.26 14.13
16.7% 32.94 9.53 19.87 694.00 975.19 23.49 32.35 455 14.08
LSD at0.05 NS 0.71 2.03 8.18 8.70 1.26 137 054 0.68
2018/2019 season
33.3% 19.03 554 13.90 45153 632.25 15.15 23.95 4.37 18.24
Glorius 25.0% 21.99 7.15 15.00 514.00 729.80 16.97 2750 4.94 17.96
16.7% 25.07 9.20 15.88 562.53 840.46 17.65 29.08 514 17.69
33.3% 21.30 6.18 14.61 587.70 801.47 19.76 28.35 4.28 15.08
Lilly 25.0% 25.16 8.02 16.75 622.60 881.01 20.94 31.43 4.66 14.82
16.7% 28.33 9.72 18.20 658.60 948.27 21.62 32.38 4.60 14.21
33.3% 28.65 6.55 18.01 632.68 867.23 20.69 29.97 4.30 14.34
Cleopatra 25.0% 3233 9.00 19.82 698.30 982.44 23.74 3325 455 13.67
16.7% 34.98 9.83 20.11 798.70 1143.36 25.16 35.35 498 14.08
LSD at0.05 127 112 1.94 NS 10.23 1.32 157 0.61 0.62

Table 5. Effect of sugar beet varieties on yield of faba bean
and its attributes during 2017/2018 and 2018/
2019 seasons.

Character Plant  No
Sugar beet height  of

No.of 100-seed Seed  Seed
pods weight vyield vyieldfed?!

variety (cm) branches plant®  (g) plantl(g) (ardab)
2017/2018 season

Glorius 7313 533 2011 8489 1783 412

Lilly 7493 437 13.78 80.78 16.17 357

Cleopatra 8218 365 1167 7822 1498 3.09

LSDat0.05 1.49 1.07 2.35 2.29 152 0.95
2018/2019 season

Glorius 7550 353 2311 8989 2183 4.68

Lilly 7731 344 16.78 85.78 20.19 4.36

Cleopatra 8459 283 1467 8322 18.93 361

LSDat0.05 153 113 2.59 3.76 154 1.02

Differences in the performance of crops intercropping
with sugar beet varieties were reported by Masri and Safina
(2015) who reported that the highest dry onion yield 6.22 and
6.14 tons fed* was obtained when intercropped with sugar beet
varieties Carolaand Glorius, respectively, while the lowest
yield fedwas obtained with variety Farida. Sheha (2016)
reported that all growth and yield characters of faba bean were
significantly affected by wheat varieties.

11. 2. Effect of faba bean plant densities:

Data presented in Table 6 indicated clearly that plant
density of faba bean plants significantly affected plant height,
number of pods plant?, 100-seed weight, yield plant* and yield
fed?in both seasons, while number of branches plant® was
significantly affected only in the first season. Plant height of faba
bean was significantly increased by increasing faba bean plant
density from16.7, 25.0 to 33.3%. The lower plant density of faba
bean 16.7% produced the shortest plants in both seasons. These
results could be due to increasing plant density per unit area,
increased intra-specific competition between faba bean plants for
basic growth resources especially solar radiation, among different
resources of competition, light is one of them. Mohammed et al.
(2005) and Hamdany and El-Aassar(2017) found similar result.

With regards to yield attributes, numbers of branches
and pods plant?, 100-seed weight and seed yield plant® were

gradually increased by decreasing faba bean plant density from
33.3t025.0 and16.7 %. Meanwhile, the lowest values of those
traits were produced by intercropping faba bean at plant
density of 33.30% with sugar beet in both seasons. The lower
plant density of 16.7% for faba bean could have enhanced a
greater utilization of sunlight, thus produced more number of
branches plant?, while shading by taller intercropped faba
bean plants could have reduced the photosynthetic absorption
rate for faba bean, thereby reducing number of branches at
maturity. Obviously, decreasing faba bean density up to 16.7%
progressively increased number of pods plant?, 100-seed
weight and seed yield plant™ (Table 6). This could be attributed
to reduced intra and inter-specific competition for growth
resources at a lower density. In addition, the highest number of
branches plant® produced from intercropped faba bean at
lowest plant density could have also been responsible for the
highest number of pods per plant and seed yield plant™.

Table 6. Effect of faba bean plant densities on yield of faba
bean and its attributes during 2017/2018 and

2018/2019 seasons.

Character Plant Noof No.of g Siesg Seed

Plant height branche pods weight )I/antl yield fed?

density (cm) splant? plant! (gg) p Q (ardab)
2017/2018 season

33.3% 8238 294 1167 7400 1434 413

25.0% 7566 331 1522 80.78 16.07 3.70

16.7% 7220 3.38 1867 8911 1856 2.95

LSDat0.05 343 NS 2.23 263 126 0.84
2018/2019 season

33.3% 8744 339 1467 79.00 18.36 4.88

25.0% 7570 469 1811 8578 2009 429

16.7% 6726 5.28 2178 9411 2249 348

LSDat0.05 341 0.83 248 2.26 13 1.13

On the contrary, the lowest plant density of faba bean
was achieved the lowest seed yieldfed™. Intercropping faba bean
with plant density of 16.7% significantly reduced seed yield
fed™ by 20.27 and 28.57% in first season and 18.88 and 28.69%
in second season, respectively, compared to 25 and 33.3%. This
reduction in seed yield fed™was expected as result of decreased
faba bean plant density per unit area. Results herein are in
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harmony with those obtained by Mohammed et al., (2005),
Hamdany and El-Aassar (2017) and lbrahim (2018).
11. 3. Interaction effects:

At the second season, plant height was a significantly
affected by the interaction between sugar beet varieties and
faba bean plant density. Meanwhile, other characteristics of
faba bean were not affected in both seasons (Table 7). The
tallest plants in the second season were obtained when faba
bean was intercropped by 33.3% of its sole culture density with
Cleopatra variety whereas, the shortest plants were showed at
16.7%0f faba bean plant density with Glorius variety.

I11. Competitive Relationships:
111. 1. Land Equivalent ratio (LER):

Results in Table (8) showed that the intercropped yields
of sugar beet and faba bean were greater than their respective sole
culture yields. The total LER values were greater than one in all
the studied treatments. The LER ranged from 1.08 to 1.29 in the
first season and from 1.15 to 1.33 in the second one. The highest
LER values 1.29 and 1.33 were obtained by intercropping faba
bean with Glorius variety at 25% of faba bean plant density in the
first season and second seasons, respectively.

This advantage of the highest LER may be due to the
canopy architecture of Glorius variety was more suitable with

sown faba bean at 25% to continue in their growth and
development compared with the others treatments. Intercropping
culture increased LER as compared to sole cultures of both crops
(Usmanikhail et al., 2012). Similar results are reported by
Mohammed et al. (2005), Masri and Safina (2013), Salama etal.,
(2016) and Abd El Lateef et al., (2019).

Table 7. Interaction effect between sugar beet varieties and

faba bean plant densities on faba bean yield and its
attributes during 2017/2018 and 2018/2019 seasons.

Plant Seedyield Plant Seed yield
Sugar Fab; E]‘:a“ height  fed®  height fed?
variety dFe’nsi y —(m _(ardab) (cm) _(ardab)
2017/2018 season  2017/2018 season
333% 7932 470 8438 534
Glorius 25.0% 71.73 422 73.80 4.76
16.7% 68.33 3.45 68.33 3.93
33.3% 81.35 4.13 86.44 5.12
Lilly 250% 7377 353 7582 432
16.7% 69.67 3.05 69.67 3.64
33.3% 86.46 357 91.50 4.17
Cleopatra  25.0% 81.48 3.36 83.48 3.79
16.7% 78.60 234 78.78 2.88
LSD at0.05 N.S N.S 449 N.S

Table 8. Interaction effect of sugar beet genotype and faba bean plant density on competitive relationships during

2017/2018 and 2018/2019 seasons.

Sugar beet Faba bean Root yield Seed yield Land equivalent ratio Aggressivity Relative crowding coefficient
variety plant fed? fed? (LER) A) (RCC)
density  (ton)  (ardab) Ls Lt LER As Ar Ks Kt K
Intercropping cultures: 2017/2018 season
33.3% 2261 4.70 0.83 043 1.26 -0.59 0.59 1.69 2.22 3.75
Glorius 25.0% 24.58 422 091 0.38 129 -0.78 0.78 2.46 248 6.08
16.7% 26.08 345 0.96 0.31 127 -1.10 1.10 4.29 2.77 11.87
33.3% 25.30 413 0.81 0.37 118 -0.41 041 1.46 1.79 261
Lilly 25.0% 28.35 353 0.91 0.32 123 -0.46 0.46 259 1.88 4.87
16.7%  30.28 3.05 0.97 0.28 125 -0.83 0.83 4.14 2.32 10.28
33.3% 26.93 357 0.76 0.32 1.08 -0.28 0.28 1.06 143 153
Cleopatra 250%  30.18 3.36 0.85 0.30 115 -0.45 0.45 1.46 175 254
16.7% 3235 2.34 0.91 0.21 112 -0.44 0.44 177 164 2.89
Sole cultures:
Sugar beet (Glorius) 27.08 - - - - - - - - -
Sugar beet (Lilly) 31.09 - - - - - - - - -
Sugar beet (Cleopatra) 35.36 - - - - - - - - -
Faba bean (Giza 716) - 11.04 - - - - - - - -
Intercropping cultures: 2018/2019 season
33.3% 23.95 534 0.81 0.45 1.26 -0.73 0.73 142 248 352
Glorius 25.0% 27.50 4.76 0.93 0.40 133 -0.85 0.85 332 2.70 8.98
16.7% 29.08 393 0.98 0.33 131 -1.22 1.10 9.75 3.04 29.69
33.3% 28.35 5.12 0.83 043 126 -0.63 0.63 1.62 2.30 371
Lilly 25.0% 3143 4.32 0.92 0.37 129 -0.68 0.68 2.84 231 6.55
16.7% 3238 3.64 0.95 0.31 126 -1.09 1.09 292 272 7.95
33.3% 29.97 417 0.78 0.35 113 -0.38 0.38 115 164 1.89
Cleopatra 250% 3325 3.79 0.86 0.32 118 -0.53 053 154 1.89 291
16.7% 35.35 2.88 0.91 0.24 115 -0.66 0.66 1.76 1.96 3.46
Sole cultures:
Sugar beet (Glorius) 29.57 - - - - - - - - -
Sugar beet (Lilly) 34.20 - - - - - - - - -
Sugar beet (Cleopatra) 38.65 - - - - - - - - -
Faba bean (Giza 716) - 11.80 - - - - - - - -

111. 2. 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. Results in Table 8 indicated that faba bean
was the dominant crop component in all studied treatments. The
highest positive values were obtained by intercropping faba bean
with Glorius variety at the lowest density of faba bean plants,

meanwhile intercropping faba bean at 33.3% plant density with
Cleopatra variety had the lowest positive values. That indicated
intercropping faba bean with Glorius variety is more competitive
than intercropped faba bean with Lilly and Cleopatra varieties.
Similar results were obtained by Mohammed et al. (2005) who
showed that faba bean plants are dominant component and sugar
beet plants are dominated component.
I11. 3. Relative Crowding Coefficient (K):

Relative crowding coefficient (RCC) plays an important
role in determining the competition effects and advantages of
intercropping. Willey (1979) described that each crop in
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intercropping system has its own RCC (K). The crop with high
value of “K” is dominant over the crop having lower value of
“K”. If the product of two values of K of two different crops is
greater than unity, it means that intercropping system has
advantages, disadvantages in case of value less than unity and it
is equal to unity, it means that intercropping has no advantages.
Table 8 showed that values of Ksaabean Was highest than those of
Ksugarbeet Under high density of faba bean, while values of Kgygr beet
was the highest under low faba bean plant density 16.7%,
irrespective sugar beet variety, in both seasons. Results on RCC
indicated that all intercropping treatments had yield advantages.
The highest values of K were obtained by intercropping faba
bean at 16.7% with Glorius variety, whereas the lowest value
produced by intercropping faba bean with Cleopatra variety at

33.3% of faba bean plant density. Similar results were obtained
by Mohammed et al. (2005).
I111. Economic evaluation:

Total income and monetary advantage index (MAI)
influenced clearly by intercropping faba bean plants at different
plant densities and sugar beet varieties comparison to sole sugar
beet culture as shown in Table (9). Intercropping faba bean with
any sugar beet varieties were increased total income over than sole
sugar beet culture in both seasons. The increases in total income
were 16.85, 10.28 and 0.09% in first season and 16.49, 12.13 and
1.37 % in second season by intercropping faba bean with Glorius,
Lilly and Cleopatra varieties compared with their sole culture,
respectively. Similarly, Glorius variety had the highest MAI 3260
and 3895 in first and second seasons, respectively.

Table 9. Effect of sugar beet genotypes, faba bean plant density and their interaction on total income and monetary

advantage index (MAI) during both seasons.

Sugar beet Faba bean Income fed (LE)  Total income MAI Income fed™ (LE)  Total income MAI
variety plant density Sugar Beet Fababean  fed(LE) Sugar beet Fababean fed?(LE)
Intercropping cultures: 2017/2018 season 2018/2019 season
33.3% 10853 3948 14801 3054 11496 4486 15982 3297
Glorius 25.0% 11798 3545 15343 3449 13200 3997 17197 4267
16.7% 12518 2901 15419 3278 13958 3305 17263 4120
Mean 11723 3465 15188 3260 12885 3929 16814 3895
33.3% 12144 3470 15614 2382 13608 4297 17905 3683
Lilly 25.0% 13608 2968 16576 3100 15086 3626 18713 4196
16.7% 14534 2647 17182 3420 15542 3060 18603 3801
Mean 13429 3028 16457 2967 14745 3661 18407 3893
33.3% 12926 2999 15925 1180 14386 3503 17888 1994
Cleopatra 25.0% 14486 2819 17385 2257 15960 3184 19144 2924
16.7% 15528 1966 17494 1874 16968 2419 19387 2596
Mean 14313 2595 16988 1770 15771 3035 18806 2505
Average of plant 33.3% 11974 3472 15447 2205 13163 4095 17258 2991
densities 25.0% 13297 3111 16408 2935 14749 3602 18351 3795
16.7% 14193 2505 16698 2857 15489 2928 18418 3506
Sole cultures:
Sugar beet (Glorius) 12998 - 12998 - 14194 - 14434 -
Sugar beet (Lilly) 14923 - 14923 - 16416 - 16416 -
Sugar beet (Cleopatra) 16973 - 16973 - 18552 - 18552 -
Faba bean (Giza 716) - 10538 10538 - - 10040 10040 -

At the same time, decreasing faba bean plant density
from 33.3 up to 25.0 and 16.7% when it was intercropped with
sugar beet increased sugar beet income and total income
(LE fed™) as well as MA, vice versa for income of intercropping
faba bean in both seasons. This expected since yield and income
of faba bean positively correlated with its plant density.

Obviously, the highest total income 17494 and 19387
LE fed'was achieved by intercropping faba bean with
Cleopatra variety at 16.7% of plant density, and at par with
total income of the same variety at 25% faba bean plant
density 17385 and 19144 LE fedin first and second seasons,
respectively. However, the highest MAI 3449 and 4267 was
detected when intercropping faba beat at 25 % with Glorius
variety. It is worth mentioning that, price evaluation of sugar
beet depended on sucrose % rather than root yield fed™.

So, intercropping faba bean at 25% with Glorius variety
was more profitability and produced the highest MAI over than
the other sugar beet varieties. Intercropping sugar beet with faba
bean crop was more profitability compared to sole sugar beet
culture. Mohammed et al. (2005), Usmanikhail et al., (2013),
Masri and Safina (2015) Salama et al., 2016, Ibrahim (2018) and
Abd El Lateef et al. (2019) reported similar results.

CONCLUSION

In current study, yield and profitability of
intercropping faba bean and sugar beet rely on select the best
sugar beet variety, in terms of suitability to intercropping and
their superiority in yield and quality traits. Therefore, plant

density (25%) for intercropping faba bean reduced negative
effect on yield and its quality of sugar beet, increased land use
efficiency as well as MAI. Results revealed that, Glorius was
the compatible sugar beet variety to intercropping with faba
bean at 25% of its plant density, which recorded the highest
LER (1.31) and monetary advantage index (MAI) 3858 as
well as produced 4.80 ton fedof sugar yield plus 4.49 ardab
fedlof faba bean seed as average of both seasons, compared
with other intercropping treatments under salt affected soils.
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