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ABSTRACT

For studying the effect of intercropping system of onion plants on sugar beet plants, a field
experiment was conducted at the Experimental Farm, Faculty of Agriculture, Assiut University
which carried out during two winter growing seasons of 2011-2012 and 2012-2013. In the study,
we focused on the relative advantage of intercropping systems of sugar beet with onion on the
growth, vield and yield components of the two crops intercropping parameters which also
considered. The effects of the associated cropping patterns of onion with sugar beet on yield and
its components of onion crop were significantly decreased by intercropping. Nevertheless the vield
of sugar grown in monoculture was slightly high than obtained from any intercrop combination
under study. These results may be due to competition between sugar beet and onion plants for
nutrient, water and solar radiation. The highest values of Land Equivalent Ratio (LER) and gross
return were observed when sugar beet intercropping with onion as compared to mono crops of
either species. This investigation showed that grown sugar beet intercropping with onion gave the
highest economic return for the farmers.
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INTRODUCTION

One of the main problems associated with the Egyptian Agricultural system is the low size of
cultivated land per farmer. In average, 42.9% of the farmers own or work in field one feddan
(4200 m?% or less (Ahmed et al., 2009). This led to an increase need to maximize land usage to
enhance farmer's income. The need to follow process such as intercropping is of great importance
in this context. If the process of intercropping is adopted, attention should be given to the crops
used that can grow together with minimal loses and maximum profit. Intercropping is an
agricultural system that utilizes several crops to attain better final income. It 1s mostly asscciated
with non mechanized farming system. Intercropping is the growing of two or more crop on the same
time and position.

The intercropping system greatly contributes to crop production by its effective utilization of
resources, as compared to the monoeculture cropping system (Zhang and Li, 2003). Currently, this
system was interestingly increasing in low-input crop proeduction systems and was being extensively
investigated (Li et al., 1999). The choice of the intercropped crops is critical. The selected crops must.
be complement each other rather than compete with each other.

Sugar beet is one of the most important crops not only in Egypt but also all over the world.
However, production of sugar is not enough, so the agricultural policy has been given much
attention to grow sugar beet to narrow the gap between consumption and production. Inereasing
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sugar yield per unit area had national interest and it can be achieved by adopting suitable cultural
practices such as intercropping systems. The area that allocated to sugar beet in Egypt had
increased mostly in the recent years (16900 fed in 1982 season to 450000 fed in 2012 season) also,
the contribution of sugar beet to sugar production increased largely, as it reached 35.5% of the total
sugar production 1in 2012 season. Since the cultivated area in Egypt 1s limited, the agriculture
intensification had become urgent necessity to optimize the utilizing of unit area.

Onion is a valuable crop since ancient times and ranks second after tomato in the list of the
worldwide cultivated vegetables. In 2010, about 74 million tones of onions were produced in
3.7 million hectares according to the FAOSTAT database (FAQ, 2012).

Farghaly et al. (2003) reported that yield of sugar beet intercropped with onion, faba bean and
chickpea were reduced by intercropping. The highest values for land equivalent ratic were observed
when intercropping sugar beet with onion, while the lowest were done when sugar beet
intercropping with faba bean. Besheit et al. (2002) showed that the highest sugar beet quality and
productivity were obtained from beet planted on ridge (100 cm) width and intercropped with two
onion rows, while intercropping onion on the other side of sugar beet ridge (50 em) width was
higher and negativity affected sugar beet quality and quantity.

Therefore, the present study aimed at finding out the effect of intercropping onion with sugar
beet on yield and quality of sugar beet as well as on land equivalent ratio and the net income.

MATERIALS AND METHODS

Two field experiments were conducted in the Experimental Farm, Faculty of Agriculture, Assiut
University, during two winter growing seasons of 2011-2012 and 2012-2013, to study the relative
advantage of intercropping systems of sugar beet (Beta vulgarts L.) with onion (Allium cepa L.) on
the growth, vield and yield components of the two crops intercropping parameters are also
considered. Some physical and chemical properties of a representative scil sample used in the
experimental soil were determined before preparation according to Jackson, 1973 and presented
in Table 1.

The recommended dose of phosphorus fertilization was applied at a level 100 kg calecium
superphosphate fed™ (15.5% P,0,) during preparation. The experimental design was a
randomized complete block with five treatments replicated thrice. The area of each plot was

Table 1: Some physical and chemical properties of a representative soil samples in the experimental site before sowing (0-30 cm depth)
in 2011-2012 and 2012-2013 seasons

Character 2011-2012 2012-2013
Particle size distribution

Silt (%) 27.7 26.8
Sand (%) 25.7 24.4
Clay (%) 48.4 418.8
Texture Clay silty Clay silty
Organic matter (%) 1.84 1.82
Field capacity (%) 4260 43.6
EC (1:1 extract) (dS m™) 0.88 0.85
pH (1:1 suspension) 7.60 7.82
Total nitrogen (%) 0.78 0.74
CaCO (%) 346 368
Extractable P (ppm) 8.50 8.72
Extractable K (ppm) 122 123

*Kach value represents the mean of three replications
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10.5 m? (3 m lengthx3.5 m width), with 4 ridges 85 em width, 3 m in length. Scwing took place on
27 and 5% October 2011-2012 and 2012-2013, respectively. Seed halls of multigerm cultivar
(Gloria cv.) were sown in hills 20 cm apart at using 3-4 seed halls hill™. In the two growing
seasons, seeds of sugar beet crop were planted in one side of the ridge and after 25 days onion
seedlings ((;iza-6 cv.) were transplanted inteo other side of ridge as the following.

Intercropping systems:

+  Pure stand of onion (on hoth sides of ridges, 10 em between hills)

* Intercropping onion on the other sides of one sugar beet, ridge and leaving ridge three without
intercropping (O+B, 1.4 ridges)

* Intercropping onicn on the other sides of two sugar beet ridges and leaving two ridges without
intercropping (O+B, 2:4 ridges)

* Intercropping onion on the other sides of three sugar heet ridges and leaving one ridges without
intercropping (O+B, 3:4 ridges)

* Intercropping onion on the other sides of all sugar beet ridges (O+B, 4:4 ridges)

+ Pure stand of sugar heet. (solids culture)

Sugar beet plants were thinned to one plant per hill after 25 days from planting. Nitrogen
fertilizer was added at a level 100 kg N fed ™' in the form of urea (46.5% N) were added in two equal
doses. The first one was applied after thinning and the other one 21 days later. Potassium fertilizer
in the form of potassium sulphate (48% K,0) was applied in one dose after thinning. The preceding
crop was sorghum in the two seasons. The other cultural practices were carried out as
recornmended (feddan = 4200 m?).

At harvest (200 days from sowing), plants of each plot were harvest to determine roots and
foliage yield (ton fed™). A sample of 25 kg of roots were taken at randem from each plot and sent
to the Beet Laboratory at Abo-Korkas SBugar Factory, to determine root quality.

Sugar beet growth and quality:

+  Top fresh weight plant*(g)

* Root fresh weight plant™'(g)

*+ Root length (em)

« Root diameter (cm)

* Root yield ton fed™: was taken from one ridge and repeated 3 times for each treatment

+  Bucrose% (Pol%) was estimated in fresh samples of sugar beet root using Saccharcmeter
according to the method deseribed by AQAC (1995)

«  Purity%

«  Sugar yield ton fed™!

+  Uross sugar yield (ton fed™) = root yield (ton fed™) X sucrose%

Onion growth: At 90 days from transplanting the onion traits were determined, 1.e. plant height
{cm), number of leaves, bulb diameter (cm), neck diameter (em) bulbing ratic and bulb yield (g).

Competitive relationships and yield advantages: The following parameters were calculated:

+ Land equivalent ratio (LER): This was determined according to Willey (1979):
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LER = Yab  yba
vaa ybb

Where:

vab = Mixture yield of a (when combined with b)
vaa = Pure stand yield of crop (a)

yba = Mixture yield of b (when combined with a)
ybb = Pure stand yield of crop (b)

*  Aggressivity (A): Aggressivity values were determined according to MeGilchrist (1965):

Aga = yab  yba
vaaxzab ybbxzba
Agb yba yab

- ybb x zba - yaa x zab

Where:

Aga = Aggressivity value for sugar beet,

Agh = Aggressivity value for onion

zab = Sown proportion of sugar beet (in mixture with onion)
zba = Sown proportion of onion (in mixture with sugar beet)

« Kconomic evaluation
+ Gross return (L.E. fed™): Gross return from each treatment was calculated in Egyptian
pounds (L.E)/ton of sugar beet and (L.E .)/ton of onion in both seasons as follows:

Ton of sugar beet = 350 L.E and Ton of onion = 1500 1..E for both seasons

Price of sugar beet was obtained by Egyptian Sugar and Integrated Industries Company and
price of onion was obtained by market search.

Statistical analysis: Statistical analysis of the collected data was carried out using the computer
program MSTAT-C package by Freed et al. (1988) according to Gomez and Gomez (1984). Barlett
test was used to assess the variance of experimental error of both seasons. Least significant
difference (I.SD 5%) was used for comparison among the means.

RESULTS AND DISCUSSION

Effect of intercropping patterns on yield components of sugar beet: Data presented in
{Table 2) indicated that sugar beet yield and its components were not significantly decreased by
intercropping with onion comparing with pure stand. Nevertheless the vield of sugar grown in
monoculture was slightly high than obtained from any intercrop combination under study.

Sugar beet characters i.e., top fresh weight plant™, root fresh weight plant™, root diameter (cm)
and sugar vield (ton fed™) were highly significantly affected by intercropping sugar beet with
onion in both seasons, while root. length (em), root yield ton fed ™ and purity% were not. significantly
affected by intercropping sugar beet with onion in both seasons. Also results indicate that
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Table 2: Effect of intercropping sugar beet with onion on some sugar beet characters grown in 2011-2012 and 2012-2013 seasons

Top fresh Root fresh

weight plant™ (g) weight plant™ (g) Root length (cm) Root diameter (cm) Root yield ton fed™!
TN EICTOPPITIE - o rmm rrm oo oo oo e e o e rn o s e oS eonennommsesnns S eemeseeassessessessessseess -
systems 2011-2012 2012-2013  2011-2012  2012-2013 2011-2012  2012-2013  2011-2012  2012-2013  2011-2012 2012-2013
T, 235.0 213.3 1070.0 1066.7 24.87 24.47 9.23 8.43 20.42 27.71
T, 210.0 206.7 1010.0 930.0 2547 25.53 8.17 T7.43 28.55 26.98
T, 195.0 201.7 991.7 880.0 25.87 25.60 7.60 6.83 28.27 26.74
T, 186.7 186.7 §85.0 8§16.7 26.17 26.10 6.43 5.73 28.28 26.41
Ts 175.0 168.3 815.0 773.3 26.67 26.37 5.67 5.10 27.45 25.9
LSD 5% 17.27 21.67 7081 8915 ns ns 0.77 0.86 ns ns

ng: Not Significant

Table 3: Effect of intercropping sugar beet with onion on the sugar beet quality grown in 2011-2012 and 2012-2013 seasons

Sugar yvield ton fed* Sucrose (%) Purity (%) Gross sugar yield (ton fed™)
Intercropping
systems 2011-2012 2012-2013 2011-2012 2012-2013 2011-2012 2012-2013 2011-2012 2012-2013
T, 4.33 417 18.77 19.20 88.27 88.03 5.69 5.32
Ty 4.10 3.93 18.37 18.87 86.63 87.43 5.35 5.09
Ts 3.91 3.84 18.70 18.77 86.43 87.07 5.29 5.02
T, 3.83 3.76 18.40 18.20 86.73 86.80 5.20 4.81
Ts 3.73 3.68 18.37 18.17 86.70 86.73 5.04 4.70
LSD 5% 0.185 015 ns 0.73 ns ns 0.38 0.44

ns: Not gignificant

sucrose% of sugar beet was not significantly affected by intercropping sugar beet with onion in the
first season, while it was highly significantly in the second season (Table 3).

Besheit ef al. (2002) revealed that intercropping onion at various densities on both ridge widths
(b0 and 100 cm) had insignificant effect on most quality and productivity traits in both seasons
except pol% (in the first season), extractable sugar, extractability % and sugar yield ton fed™ (in
both seasons). The highest sugar beet quality and productivity were obtained from beet planted on
100 em ridge width and intercropped with two onion rows, while intercropping onion on the other
side of beet ridge 50 em width was high and negatively affected beet quality and productivity. Abou
Khadra ef al. (2013) found that a significant difference amoeng intercropping systems in top, root
and sugar yields and their attributes as well as root quality in the two seasons. Decreasing density
of wheat increased root length, root diameter, root yield, top yield, total sugaro, white sugar% and
juice purity%, while it decreased concentration of impurities, alkalinity coefficient and losses
sugar%. Root and sugar yields fed™ produced by solid beet plants and its intercropped with wheat
at hills 80 em apart were practically the same and significantly surpassed those intercropped with
wheat at hills 20 em apart in both seasons.

Similar results were recorded by Abd-E1-All (2002), Farghaly ef al. (2003), El-Shaikh and
Bekheet (2004), Gadallah ef al. (2006) and Hussein and Yousrya (2012),

Effect of intercropping systems on yield components of onion: Data presented in (Fig. 1-6)
show that the associated cropping patterns of onion with sugar beet on yield and its components
of onion crop, plant height, number of leaves, bulb diameter, neck diameter and weight of bulb,
were significant decreased by intercropping. These results may be due to competition between sugar
beet and onion plants for nutrient, carbon diexide, moisture and solar radiation. Plant height of
onion was more affected at the T, and T, treatments of intercropping as compared with solid

(Fig. 1).

230



Astan JJ. Crop Sei., 6 (3): 226-235, 2014
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Fig. 1: Flant height {(cm) of onion as affected by intercropping with sugar beet
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Fig. 2: No. of leaves of onion as affected by intercropping with sugar beet
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Fig. 3: Bulb diameter (ecm) of onion as affected by intercropping with sugar beet,

Concerning bulb yield of onion, the results indicated that, significant reduction was observed
by intercropping sugar beet with onion, compared to onion pure stand. The highest values of the
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Fig. 4: Neck diameter {cm) of onion as affected by intercropping with sugar beet,
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Fig. 5: Bulbing ratio of onion as affected by intercropping with sugar beet,
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Fig. 6: Bulb yield (g) of onion as affected by intercropping with sugar beet

bulbs diameter (Fig. 3) were 4.29 cm and 3.91 em while the lowest values were 2.54 em and
2.87em first and second seasons, respectively. The highest values of bulb weight (Fig. 8) were
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96.0 and 90.67 g, while the lowest values were 62.67 and 57.0 g first and second seasons,
respectively. These results may be due to inter and intra- competition between plants of sugar beet.
and onion for light. The reduction in yield of intercropping onion with sugar beet was mainly due
to shading effect of sugar beet. This reduction in intercropping treatment may be due to inter
specific competition between onion and sugar beet and intra competition between onion plants.
Similar results were recorded by El-Kafoury ef al. (1993) and Marey (2003) who found that the
intercropping resulted in a significant decrease in number of leaves plant™, top weight plant™, root
length, root diameter, root weight and yield of top or root fad™.

Effect of intercropping systems on competitive relationships and yield advantages
Aggressivity (Ag): The results in Table 4 showed that, aggressivity sugar beet was dominant crop
under interaction treatments whereas onion was the dominated one in the both seasons. The
highest Ag values were from the intercropping in one ridge of onion with all sugar beet ridges
whereas the lowest Ag values obtained from all onion and sugar beet ridges intercropping in the
both seasons. The present results indicate clearly that onion has lower competitive abilities than
sugar beet. These results agree with these obtained by El-Kafoury ef al. (1993), Farghaly ef al
(2003) and Abou-Elela and Gadallah (2012).

Land equivalent ratio (LER): Results in Table 4 indicated that intercropping onion with sugar
beet increased land equivalent ratio in all intercropping patterns. Highest land equivalent ratio
value (1.85) was recorded due to (T,) treatment in the first season, while the lowest land equivalent
ratio value (1.35) was found by in the (T,) treatment in the second season. Generally, LER value
was greater than 1.0 for all intercropping patterns. This showed that the actual productivity was
higher than the expected productivity when sugar beet with onion. Farghaly ef al. (2003), found
that yield of sugar bheet intercropped with onion, faba bean and chickpea were reduced by
intercropping. The highest values for LER were cbserved when intercropping sugar beet with
onion, while the lowest values were done when intercropping sugar heet with faba bean. Abou
Khadra et al. (2013) showed that land equivalent ratio (LER) values were greater than one at any
intercropping systems. Intercropping sugar beet and wheat increased land usage by 37, 35, 31 and

Table 4. Effects of intercropping sugar beet with onion on land equivalent ratio (LER), aggressivity (Ag) and gross return (L E. fed™) in
2011-2012 and 2012-2013 seasons

Land equivalent ratio QGross retirn (LE. fed™)

2011-2012 2012-2013 2011-2012 2012-2013
Ty 1.85 1.80 26137 24659
T; 1.76 1.70 24293 23303
T, 158 1.52 23149 22448
Ts 141 1.35 21832 20574

2011-2012 2012-2013

Az (8) Ag (O) Ag () Ag (O)
Ty 0.667 -0.667 0.708 -0.708
Ts 0.218 -0.218 0.236 -0.236
T, 0.077 -0.077 0.057 -0.057
Ts 0.014 -0.014 0.029 -0.029
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33% over monocultures of both crops at wheat hill spacing of 20, 40, 60 and 80 em. Similar results
were recorded by Khedr and Nemeat Alla (2006), Attia et al. (2007) and Abou-Elela and (Gadallah
(2012).

Economic evaluation

Gross return (L.E. fed™): Data presented in Table 4 showed that, the highest value of gross
return (26137 L.K. fed ™) was recorded due to (T,) treatment in the first season, while the lowest
gross return (20574 1. E. fed ') was found by in the (T,) treatment in the second season. Hussein
and El-Deeb (1999) showed that intercropping faba bean at a density of 4 plant m? with sugar beet
increased profitability by L.E 12.5% than solid sugar beet. Toaima et al. (2001) recorded that higher
yield was observed when intercropping system was 120 em width ridges higher LER were
(1.56, 1.51) for onion, (1.53, 1.52) for garlic and total income (3174, 3154 L.E) for onion and
{4103, 4120 L.E) for garlic in both seasons, respectively.

These results are in accordance with those obtained by Besheit et al. (2002) reported that all
intercropping treatments increased markedly farmer net return and profitability per unit capital
input (one Egyptian pound), but intercropping two or three rows of cnion on wide ridge of beet.
maximized those traits.

CONCLUSION

Root yield of sugar beet was not significantly decreased by intercropping with onion comparing
with pure stand. Effect the associated cropping patterns of onion with sugar beet on yield and its
components of enion crop were significant decreased by intercropping. The highest values of land
equivalent ratio and gross return were observed when sugar beet intercropping with onion as
compared to mono crops of either species. These findings suggest that intercropping sugar beet and
onion increase total productivity per unit area improve land equivalent ratio.

This investigation showed that grown sugar beet intercropping with onion gave the highest

economic return for the farmers.
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