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ABSTRACT

The effect of intercropping sugarbeet with onion and garlic under
different inter and intraspacing, were studied in the Horticultural Farm in Toshky
region (Upper Egypt) during 2002/ 2003 and 2003/ 2004 scasons. Eight
intercropping treatments, which were the combinations of two ridging distances
systems, as 60 and 70 cm apart and two plant spacing as 25 and 35 cm between
sugarbeet plants intercropped with onion and garlic either were examined and
checked against sugar beet, onion and garlic grown in pure stand at the same
levels of inter and intraspacing. Data indicated that sugarbeet in nor any of the
intzrcropping treatments outyielded the pure stand sugarbeet at the same
respective treatments, of inter and/ or intraspacing. Highest yield of intercropped
beet was obtained when sugarbeet was arranged in ridges 60cm apart and 25 cm
between begt plants and intercropped with onion, whereas, lowest yield was
obtained when beet was grown in the ridging system 70 cin apart and spaced at
th widest intraspacing 35 cm apart and intercropped with garlic. Total soluble
sugars {T.S.S) and sucrose percent were in parallel with tuber weight, Decreascs
in T.8.8,, sucrose and purity percents were observed with tuber weight which
gradually increased with increasing inter and intraspacing of sugarbeet plant.

Yields of onion and garlic per feddan were governed by plant density of
both crops per unit area of land. Gradual decreases in yields of onion or garlic per
feddan were evident with increasing inter and intraspacing either or both, i.e.,
intercropped onion orientated on ridges 60 cin apart and spaced at 25 cm apart
cutyielded all other intercropped treaunents. On other hand, the vields of any
component in the intercrop association could not exceed the corresponding pure
stand at the same level of plant orientation. The data also indicated that there was
apparent loss in the marketable yield of onion and garlic with the narrowest
ridging and plant spacing (60 X 25 c¢m).

The data on land equivalent ratio (LER) indicated that all plant
geometric orientations achieved yicld advantage, except in case of intercropping
of beet with garlic at 70 x 35cm onentation. Highest LER was achicved when
both components in the intercrop were grown at the heaviest densities (60 X 25
cm). The data also revealed that LERs Ebtained froin sugar beet-onion
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associations were higher at any plant population density than those obtained from
sugar beet-garlic associations. The relative crowding coefficient (RCC) behaved
the same trends. There were no any heavy competitive pressure exeried when
either onion or garlic intercropped with sugarbeet at any plant geometric
orientation.

INTRODUCTION

Toshky region is characterized with marginal and fluctuated thermal
indices in addition to the clear sky all the year round. It is considered a bonus for
researches, regarding the cfficiency in interception and utilization of solar
tadiation as well as in land usage. Sugarbeet (C3 crop) has a slow rate growth,
especially at early growth stages. It necds long duration till the crop canopy can
develop and be able fo receive not less than 75% of the incident sun irradiance
which encourage researchers to relay some other crops to sugarbeet and diminish
losses in solar energy. One of the most important yield advantage of int¢rcropping
1a based on differences in leaf morphological characters (leaf inclination, size and
shape) supporting onion and garlic as very pertinent and favorable companion

crops.

In the old land (Nile Delta and Upper Egypt), sugarbeet was frequently
intercropped with several legumes, onion and garlic and some other crops. El-
Borai and Radi (1993), Amer ef al. (1997), Hussein and El- Deeb (1999) and
Wafaa Mohammed and El- Metwally (2004) intercropped sugarbeet with faba
been, chick pea and lentil. They all revealed that legumes are considered
compatible companion crops for intercropping with beet. El- Borai and Radi
(1993), reported that decreasing faba been ratio in association with sugarbeet
from 100% to 50% or 33.3% had favorable effect on sugarbeet yield and tuber
qualitics. Sucrose, total soluble sugar and purity percent were not affected or
improved. Amer et al. (1997) found, on other hand, that intercropping
significantly reduced sugarbeet yield/ fed, as well as, sugar yield/ fed.
Furthermiore, Hussein and El-Deeb (1999) reported that plant densities of legumes
could affect yielding and tuber qualities of sugar beet. Maria- Beshay et al.
(2000), Toaima et al. (2001) and Saleh (2003) intercropped sugarbeet with other
winter crops. They revealed that intercropping sugarbeet with onion or garlic
increaszd roots and sugar yield compared to sole cropping of beet, but most other
intercropped crops negatively affected sugarbeet yield and tuber qualities. They
also added that the deleterious effects on beet yield and tuber qualities were
dependent not only on intercropped crops but also upon their densities in the
associations. Maria- Beshay (2000), further added that onion and garlic were
more compatible companion crops to sugarbeet rather than wheat and beans.
Toaima et al. (2001) further added that 60 cm ridging gave higher yield, yield
componenlts and improved tuber qualities when sugarbeet was intercropped with
onion or garlic. They also reporied that higher yields of onion and garlic were
obtained when they were raised on ridges 120cm wide.

In recent investigations, Saleh (2003) intercropped onion with sugarbeet
on 60 and 120 cm ridge widths, He found (hat yield, yicld components and tuber
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qualitics; (sucrose, total soluble sugars and purity percents) on 60 cin ridges were
superior 10 those obtained from beet grown in pure stand on same ridging systein.
On other hand, growing onion or garlic on ridges 120 cm apart had yield and
yield components of both crops higher than those obtained on ridges 60cm width

El-Naggar ef af., 1956,

Competitive relationships were also reported by several investigators
Kamel et al.(1992), El-Habbak and Abo Kresha (1993) and Maria-Beshay (2000)
reported that onion was more compatible companion crop as compared with other
winter crops. El- Borai and Radi (1993) and Amer ef al. (1997), revealed that
decreasing faba bean ratio in beet-bean cropping systems reduced the
intercropping efficiency, but, they further added that the advantage reached
maximnal with full plant density of the overstory crop. Toaima et al. (2001), also
reporied that growing both componcnis in the intercrop on 120cm ridges gave
higher values of land equivalent ratios (LERS) than on 60 cm ridges. Same trends
were observed for relative crowding coefficient values. Sugarbeet was the
dominanl component, whereas, the intercropped crops were dominated. Saleh
(2003} also obtained higher LERs when raising both components on 120 cm
ridges. Onion was the dominant component, whereas, sugarbeet was dominated.

MATERIALS AND METHODS

Two field trials were carried out in the Horticultural Research Farm in
Toshky region (Upper Egypt), Aswan governorate in the winter seasons of 2002/
2003 and 2003/ 2004 to study the effect of intercropping onion and garlic with
sugarbeet under different inter and intraspacing on growth associated, yicld and
yield components and qualities of sugarbeet {the main crop) and the associated
crops. The geometnic distributions of the main or intercropped crops were the
combination of two ridging systems 60 and 70 cm apart and two plant spacing, 25
and 35 cm apart. The treatments were as follow:

A- Cropping systems

Sugarbeet intercropped with onion.
Sugarbeel intercropped with garlic.
Pure stand Sugar beet.

Pure stand onion.

Pure stand garlic.

Pure stand plots of each component in the association were as check for
the intercropping Lreatments al same respective geometric distribution.

B- Geemetric distribution of sugar beet, onion and garlic

uu cia ridge, 25 cin beet onion and garlic spacic 7 (28300 planis/ fed)
60 cmn ridge, 35 cm beel orion and garlic spacing (20000 plants/ fed)
70 cm nidge, 25 cm beet onion and garlic spacing (24000 plants/ fed)
70 cm ridge, 35 cm beet onion and garlic spacing (17140 plants/ fed)
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A total of 20 treatments were thus compared, and establishcd in
randomized complete block design with four replicates during the two scasons.

Implermentation and layout

Land has been ploughed twice and ridged at 8.75 meter in length for
each ridge . At bottom of each ridge chicken manure at a rate of 25 kg/ ridge, 0.75
kg of calcium superphate fertilizer {15.5% P,Os) and 0.5 kg of potassium sulphate
{48% K,0) were mixed and soil was healed on the mixture which was burried at
20 cm in depth. Thereafier the drip irrigation net was established where drips
were at 25 or 35 cm apart and hoses at 60 and 70 cm apart. Each six (70 cm apart)
or seven (60 cm apart) ridges were considered as an experimental plot (36.75 m?
in area), leaving alleys in between each two plots. Treatmentis were laid out
randomly in the three replication,

Nitrogen fertilizers was added in the form of urea (46.5% N) at a rate of
100 kg fertigated in six split up doses throughout the vegetative growth of sugar
bect. Sugarbeet cv. Martine (Beta Vulgaris L.) was seeded on the first and fifth of
November in 2003 and 2004 winter seasons and was harvested on 10" and 15"
May in 2002/ 2003 and 3003/ 2004, respectively. Onion cv. Giza 6 Mohassen was
transplanted after one month from seeding sugar bect, whereas garlic cv. Balady
was seeded ten days before sceding sugarbeet in both consecutive winter seasons,
Harvesting onion was on mid of March and 20" March whereas garlic was on
first of March and mid of March in both seasons, respectively.

The soil of the experimental site was virgin, untouched with no
preceding crop. The physical and chemical analysis of the experimental site is
presented in Table 1.

Table (1): The mechanical and chemical characteristics of soil.

Mechanical analysis Chemical analysis
30cm 60cm 30cm  60cm
Coarse Sand % 18.07 17.21 | SP 25 27
Fine Sand % 36.52 44.31 | Organic matter 0.57 0.56
Silt % 35.16 3037 | E, C m mohs /cm 535 8.80
Clay % 10.25 8.11 | Cations meg/ L
Textural Clags ~ S2rdy  Sandy oy 2106  40.00

loam loam

CaCo3 % 1.2 1.13 | Mg++ 127 665
Na++ 2874 40.00
K+ 210 3.84
Anions meg /L
C03— 4.16 5.72
504-- 4511 8147
Cl- 9.9 1330

The name of the textural class was ascertained from ihe textural triangle
given by Alexander (1977).
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The other normal cultural treatments were practiced for the three crops
grown in the associalions as recommended in the intercrop and in the pure sland

syslems.

Measurements '
Ten plants were taken at random from the inner ridges of each p.ot to

estimate yield components of each crop in the associations. Yield/ fed. was
estimated on the whole plot basis.

I. Records for growth, yield components and yiclds were as follow:

Onion and garlic: plant height (cm), bulb diameter (cm), bulb weight (g), bulb
yield/ fed (ton) and marketabie yield/ fed (ton).

Sugar bect: foliage fresh weight (g), tuber length (cm), tuber diameter (cm),
tuber fresh weight (kg), nwnber of dua! tubers and total yield/ fed (ton).

Quality attributes of sugarbeet tubers: samples of 30 g fresh weight from
Sugarbeet tubers were taken froin each treaument to determine:

Total soluble sugars percent (T.8.5), using refractometer according to
A.O.A.C (1984). Sucrose percent, using saccharameter, according to Le-Doct
(1927). Purity percent using the following formula (sucrose/ T.8.8) X 100.

1I- Competitive relatlonships
1- Land equivalent ratio (LER)

LER is determined as the sum of the fractions of the yield of the
intercrops relative to their sole crop yields (Willey, 1979 a). Land equivalent ratio
LER was determined according to the following formula:

Yab Yba
LER = — + ——
Yaa Ybb

where:

Y. = Pure stand yield of species a.

Y= Pure stand yield of species b.

Y. = Mixture yield of a (when combined with b).

Y. = Mixiure yield of b (when combined with a).

Pure stand yield of species a or b were chose as the heavicst plant
density of the crops {Willey, 1979 a)

2- Relative crowding coefficient (RCC)
Relative crowding coefficient RCC was determined according to the
following formula: for species {a) in a mixture with species (b)(De-Wit, 1960)

Yabx Zba

Kab =
(Yaa — Yab) x Zab
Where:
Z.,= Sown proportion of species a (in a mixture with b).
Zy. = Sown proportion of species b (in a mixture with a).
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Ybax Zab

Kba =
(Ybb—Yba) x Zba

If a species has a coefficient less than, equal to, or greater than I, it
means it has produced less yield, the same yield, or more yield than the
"expected”, respectively.

The component crop with the higher coefficient is the dominant one, To
determine if there is a yield advantage of mixing, the product of the coefficient is
formed by multiplying Kab x Kba,

If k > 1, there is a yicld advantage, if K = | there is no difference and if
K< 1 there is a yield disadvantage.

3- Aggressivity (A)

This parameter was proposed by McGilichrist (1960). It gives a simple
measure of how much the relative yield increase in species (a) is greater than that
of species (b). Aggressivity "A" is determined according to the following
formula:

Yab ¥Yba

Aab= =
Yaa x Zab Ybb x Zha

An Aggressivity value of zero indicates that the component species are equally
competitive. For any other situation, both species will have the same numerical value
but the sign of the dominant species will be positive and the dominated negative. The
greater the numerical value the bigger the difference in competitive abilitics and the
bigger the difference between actual and "expected"” yield,

Statistical Analysis

All data of the treatment imposed were subjected Lo statistical analysis
according to the procedures outlined by Snedecor and Cochran (1980), using
MSTAT-Computer V4 (1986) L.S.D. test at 0.05 level was used to conpare

bctween treatments means.
RESULTS AND DISCUSSION

1- Eff:ct of intraspacing on sugarbeet growth, yicld components, yield and
chemical attributes under different cropping systems

Data in (Table 2) indicate clearly that growth, yield components and
yield/ fed of sugarbeet were significantly influenced by intercropping with onion
or garlic. 1t is evident that the values of all these traits of pure stand sugarbcet
were significantly higher than those recorded in case of beet intercropped with
onion or garlic, except, in case of average number of dual tubers, the trend was
reversed, wheve the number of dual tubers minimized when sugarbeet was grown
in pure stand. Reductions in sugarbeet growth, yield components and yield/ fed of



Table 2. Effect of intercropping systems on sugarbeet growth , vield components, yield and chemical attributes under
different cropping systems in 2002/2003 and 2003/ 2004 seasons

Treatment

Foliage Tuber wt. Tuber Tuber Dual tubers  Yield/ fed Sucrose T.8.S Purity
fresh wt. length diameter
...... AU e KE M. O cedon s Y
2002/ 2003
Sole sugarbeel 225.00 1.395 28.94 17.94 1.75 28.25 9.73 14.79 65.70
Intercropping systems
With onion 188.33 1.103 27.16 14.07 8.15 24.89 11.98 16.98 70.51
With garlic 173.35 0.898 26 37 15.44 10.48 19.36 12.91 17.84 71.89
LSD 0.05 9.75 0.08 0.25 0.29 0.35 1.21 1.74 0.85 NS
2003/ 2004
Sole sugarbeet 214.08 1.325 26.83 16.54 1.36 25.64 11.03 16.21 67.99
Intereropping systems
With onion 180 92 1.045 25.08 12.59 8.00 21.45 12.94 17.99
With garlic 167 61 0.7535 24.50 12.04 10.44 17.14 13.79 18.77 7359
LSD 0.05 10.11 0.09 0.31 0.22 0.36 111 0.10 0.90 NS

£0§ MDD B uotu() 17g s03ng O Graponpod] Y YmodH
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intercropped sugarbeet were supported previously by Toaima (2001), Salch
{2003) and Wafaa Mohainmed and El-Metwally (2004). The increases in growth,
yield components and yield’ fed of pure stand sugar beet, as compared with
intercropped beet 1ight be due to the low below and above competition for light
intercepled by foliage, nutrient and water uptake. On other hand, onion appeared
to be more favourable compatible companion crop rather than garlic. Foliage
fresh weight, average length and diameter of sugarbeet tuber, the average weight
of tuber/ plant and the yield of tubers/ fed of sugarbeet intercropped with garlic
were significantly less than those when beet was intercropped with onion. The
data indicated that while yields of sugarbeet were reduced by 30.76and 37.05% in
2002/ 2003 and 2003/ 2004 seasons respectively due to intercropping with garlic,
reduction diminished to only 11.86 and 16.34% when beet was intercropped with
onion in both successive seasons. The data also revealed that the average number
of dual tubers of the intercropped plots significantly exceeded the plots grown in
pure stand sugar beet. On other hand, intercropped plots with garlic had higher
number of dual tubers than those intercropped with onion. These resulis are valid
in both seasons, The increases in dual luber associated with intercropped
sugarbect plants might due to the heavy competitive pressure exerted within
intercropping systems. It is also worthy to note that the extra growth vigor as well
as the super yield potential of beet grown in the first and even in the sccond
season could be attributed much to virgin soil of Toshky region.

Chemical characteristics of sugarbeet tuber were significantly influenced
by the cropping systems and the crop species of the associaled crop. It is evident
that the percents of total soluble sugar, sucrose and purity in sugarbeet tuber
tissues when beet plants were intercropped with onion or garlic were higher than
those obtained from beet tuber of plants grown in pure stand. Moreover, total
soluble sugar, sucrose and purity percents of sugarbeet plants intercropped with
garlic were slightly higher than those obtainad when sugarbeet was intercropped
with onion. Interpretation for this criterion could be attributed (o the weight and
size of tubers rather than the ¢ropping systems effect. Both traits seeined (o be
exclusively associated with weight and size of the tubers and governed by the
dilution theory. The higher the tuber weight was, the less the total soluble sugars,
sucrose and purity percents were obtained. Increases in T.§ S, sucrose, and purity
contents when sugarbeet was intercropped were supported by Maria- Beshay
{2000), Toaima ef al. (2001) and Saleh (2003).

2- Effect of interspacing on sugarbeet growth, vield components, yield and
chemical attributes under different cropping system

Measurable effects of ridge spacing on sugarbeet plants intercropped
with onion and garlic or remained grown in pure siund were indicated in Table 3.
Nevertheless, interspacing had no any appreciable ciTect on the top fiesh weight
of beet under these cropping systems, although (he pure stand had relatively
higher growth foliage than the intercropped under both 60 cim and 70 cin ridging
systems. Relative larger growth foliage when beet plants were grown associaicd
with onion than when beet plants were grown associated with garlic under both
60cm and 7t cm ridging systems. The data also indicate that foliage weight of
beet plants raised on 70 cm ridge spacing tended to be heavier than beet plants



Table 3. Effect of interspacing on sugarbeet growth, vield components, vield and chemical attributes under different
cropping svstems in 2002/2003 and 2003/ 2004 seasons

Treatment Foliage fresh Tuber Tuber length Tuber Dual wbers  Yield/ fed Sucrose TSS Purity
weight weighl diameter
—— e - S kgooooo e CML.iiinas, SR T ORI (o 4 OO [ T
2002/ 2003
Sole sugarbeet 219.17 1.270 28.35 17.54 1.83 29.33 10.09 15.12 66.70
60cm With onion 184,17 0.925 25.85 13.23 939 25.55 12.25 17.25 7093
With garlic 169.17 0.860 2533 12.15 11.41 21.84 13.93 18.28 76.16
Sole sugarbeet 230.84 1.520 2954 18.34 1.68 2747 937 14.47 64.70
T0cm  With onion 192.50 1.285 28.47 14.91 69 24.22 11.72 16.72 70.09
With garlic 177.30 0.933 27.93 14.74 9.55 i7.28 11.90 17.41 67.63
LSD 0.05 NS 0.12 0.35 0.1 0.50 1.71 NS 0.28 1.20
. 2003/ 2004
Sole sugarbeer 207.33 1200 26.25 16.18 146 27.54 11.45 16.75 68.35
60cm With onion 170.00 0875 2575 11.75 9.16 22.15 13.63 18.63 73.13
With garlic 15750 0.6% 23.08 10.75 11.39 18.39 14.27 19.24 74.15
Sole sugarbeet 220.93 [.450 27.48 16.90 1.25 23.75 10.60 15.67 67.62
70cm  With onion 191.83 1215 26.42 13.42 6.84 20.75 12.25 17.37 70.53
With garlic 178.35 0813 2592 13.32 9.50 15.90 1331 18.32 72.64
LSD 0.05 NS a2 0.43 0.32 0.51 1.57 0.14 0.26 1.2

50§ oMY P womQ) 17g 0Ing JO Giaponposd P modD
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raised on 60 ¢m ridge spacing whether beet was grown in associaiion or was
grown in pure stand. These trends were valid in both seasons. The very high
correlations between rates of net photosynthesis and selar irradiance might
interpret the cxtra greath vigor associated with sugarbeel grown at fa widos
ridge system (70cm spacing). From another angle, the erectophile canepy of boil:
onion and garlic and the limited growth of Loth crops seemed to facilitale pass the
solar irradiance adequate cnough to the photosynthetic organs of sugar bect.
Maria- Beshay (2000), Toaima et al. (2001) and Saleh (2003) results were in

agreement with these observations.

Ridge spacing had significant effects on yield components of beet under
different cropping systems. Values obtained on average length, diameter and
weight of sugarbeet tuber when plamis were raised on 60cm ridges were
significantly less than those obtained when plants were raised on 70 cin ridges.
These observations were true whether beet was grown alone or in association
with onion or garlic. The data also indicate that the values of these traits when
beet was intercropped with onion were significantly higher than those obtained
when beet was intercropped with garlic under both ridging systems and indicating
onion compatibility to intercrop with beet rather than garlic. These results were
fairly truc in both seasons. On other hand, the average number of dual tubcr/ plot
when beet plants were raised on ridging at 60 cm apant significantly exceeded
those grown on ridges 70cm apart. These results were also true in both seasons
and might be due to lesser competition as compared with those growing on ridges
60 cm apart,

The average yield/ fed followed another distinctive pattern of change.
Average yield of fresh tubers/ fed was tenaciously associated with beet density
per unit area of land rather than due o increases in yield components owing 10
wider ridge spacing. Hence, yield of fresh tubers/ fed when beet was grown at the
interspacing 60 cm apart whether intercropped with onion; garlic or Ieft in pure
stand was statistically higher than those raised on 70 ctn ridges apart at the same
respeclive cropping systems. These results were truc in both seasons. From
another angle of data, yicld of sugarbeet intercropped with garlic was less than
beet intercropped with onion whether it was raised on ridges 60 or 70 cm apart.
Differences were also significant, These results were also concordant with those
obtained by Toaiina ef af. (2001), Saleh (2003) and Wafaa Mohainmed and El-
Metwally {2004). Total soluble sugar, sucrosc and purity percents werc also
associated with tuber weight. The heavier and larger the weight and size of tubcr
were the: lower values of these traits were oblained indicating that higher percents
of these traits were found in tubers of plants grown at narrower ridge spacing as
well as in tubers of plant associated with garlic rather than with onion.

3- Effect of intraspacing on sugarheet growth, yield components, yield and
chemical attrihutes under different cropping systems

Data in (Table 4) also indicated that the effect of intraspacing on loliage

weight of sugarbect followed the same general tendency of interspacing

treatirents as a whole. The data revealed that top fresh weight tended to increase

with wider distances between becet plants whether in the intercropping systems or



Table 4. Effect of intraspaeing on sugarbeet growth , yield components, yield and chemical attributes under diffi reat
cropping systems in 2002/2003 and 2003/ 2004 seasons

Treatment Foliage fresh Tuber Tuber lengTh Tuber Pual tubers  Yield/ fed Sucrose TS.S Purity
weight _ weight o diameter
o e [N Keoooooo CM...oiiiins JUUNR + U+ JUURRTOUN 11« OO PO TR
2002/ 2003 o
Sole sugarbeet 221.25 i.320 28.01 17.31 1.91 31.08 10.00 15.04 66.51
25¢cm  With onion 186.67 1.020 26.82 317 10.21 26.57 12.70 17.7 ~1.39
With garlic 170.00 0.885 26.50 B 12.59 14.28 21.44 13.61 i8.13 74.26
Sole sugarbeet 228.75 1.470 29.88 18 57 1.60 2542 9435 14.55 64.90
35cm  With onion 190.60 1.190 27.50 14.96 6.09 23.20 11.27 16.18 &67.04
With garlic 176.67 0.910 26.76 14.29 6.69 17.68 12.22 17.56 69.52
LSD 0.05 NS 0.12 0.35 NS 0.50 0.54 NS NS NS
o e _2003/2004
Sole sugarbeet 209.00 1.250 2590 15.88 1.50 27.50 11.30 16.32 68.43
25e¢em  With onion 177.50 0.950 24.73 11.59 10.16 23.15 13 50 18.55 72.69
Wit‘h_@r[jc 16*000 0.630 24.42 11.15 1422 18.00 14 ”3| 19 33 _ -’E_()S_.._
Sole sugarbeel 21917 1.400 27.75 17.20 1.22 23.68 10 73 1590 67.36
3Sem With onion 184.34 .40 2542 13.59 5.84 19.75 1238 17,44 71.32
With gariic 175.83 0.875 24.58 12.92 6.67 16.29 i3.26 18.21 7281
LSD 0.05 NS 0.12 0.43 0.32 0.51 NS D.14 0.26 NS

LOS " 214n0) B uoni() @23y 03ng f) G1agonposg B yimoln
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in pure stand system, although, differences were not wide enough to reach the 5%
level of significance, The (op fresh weights of beet intercropped with garlic were
relatively lower than those obtained fromn beet plant grown with onion under both
intraspacing systems 25 and 35 cm apart. These results were true in both scasons.
Yield components of sugarbeet were also influenced by plant spacing. The
average length, diameter and weight of tubers of beet spaced at the wider
distance, 35 cm apart significantly exceeded those when plants were spaced at
25cm apart. However, nor any of these traits when plants were intercropped could
match up those when planis were grown in pure stand at both systems of plant
spacing (25 or 35 cm apart). However, the statistical analysis revealed
insignificant effect in case of the average diameter of the tubers in the first
season. These results were also true in both seasons and were in agreement with
those obtained by Amer ef al (1997). Interpretation for these resuls is feasible. In
explicit, these trends were governed by plant to plant competitiveness for light,
minerals and water,

The data also indicated excesses in the average number of dual tubers
when beet plants were intercropped, in particular in case of beet- garlic
association. These observations were true under both regimes of intraspacing.
They also indicated that dual tubers of the pure stand beet were at minimal,
whether, beet was spaced at 25 or 35 cin apart. Nevertheless, the average number
of dual tubers of beet spaced at 25 em apart was higher than those grown at 35 cmn
apart under any cropping system. Differences were also significant in both
seasons. It seemed that the competition with narrower spaced beet were the cause
and effect for these observations. Yield/ fed followed another trend, since beet
yield was very correlated with beet population per/fed . Sugarbeet spaced at 25
cm outyielded planis spaced at 35 cm apart. This trend was true under any
cropping system. Pure stand beet yielded more than plants intercropped under any
of the two plant spacing regimes. However, the statistical analysis revealed
significant differences in the first season, but, differences were insignificant in the
second scason. The results were also in concordant with those obtained by Amer
et al (1997), Toaima ef al. (2001) and Wafaa Mohamined and El-Metwally
(2004). Total soluble sugar, sucrose and purity percents followed also regular
pattern in both seasons although differences were insignificant except incases of
sucrose and T.S.8 percent in the second season. Both traits were correlated with
the weight and size of sugar beet. Eventually, beet raised on ridges at 25cm apart
had the least total soluble sugar, sucrose and purity percents when grown alone,
ranked the second when beet was associated with onion and naximized when was
associzted with garlic. Similar trends were observed when beet plants were
onentated at 35cm apart. Toaima ef al. (2001)and Saleh (2003) camne to simnilar
results.

4- The interaction Effect of inter and intraspacing on sugarbeet growth, yield
components, vield and chemical attributes under different cropping systems
The combined interactions of the three main variables, inter and
intraspacing of sugarbeet under different cropping systems indicated the general
tendency of the three main variables as they behaved individually in most cases
(Table 5). Witlun sugar beet-onion associations least fresh weight of top growth,
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average length and diameter of tubers were obiained when onion was raised on 60
cm ridges and sugarboet was spaced at the narrowest distance, 25 cin apart,
whereas highest values were obtained when onion was raised on 70 cin ridges and
beel was spaced al the widest distance, 35 cm apart. Within sugarbeel garlic
associations, same traits followed the general tendency of the trecatment effect as
in sugar beet-onion associations. Within the pure stand sugar becl, these triits
were also governed by the general tendency of the interaction effect. These resalts
were (rue in both seasons. The interaction effect data also indicated that yiclds
within the three associaiions were influenced by beet population densities.
Highest yicld were obtained with sugarbeetl grown on ridges 60 ¢cm apart and
spaced at 25 cm, whereas the lowest yields were with sugarbeet grown on ridges
70 cm apart and spaced at 35 cm. Total soluble sugars, sucrose and purity
percents behaved also parallel to the average weight of tuber, lowest percents of
these traits were associated the heaviest average suparbeet tuber obtained when
beet plants were raised on 70 c¢m ridges and spaced at 35 cm apart whereas
maximuimn values of these wraits were obtained when beet plants were raised on 60
cm ridge and spaced at 25 cm apart. These trends predominatcd the three
crapping systems. From another angle of data, values obtained on growth and
yield components and yield/ fed of pure stand sugarbeet were higher than those
within the intercrop associations. However, the statistical analysis revealed
significant differences among the treaiments imposed for most fraits in both
seasons.

5- The interaction effects of cropping systems, inter and intraspacing of
sugarbeet on growth, yicld components and yield of onion

Data in (Table 6) indicated that intercropping sugarbeet with onion
significantly reduced plant height of onion at any of the inter or intraspacing
treatments as compared with the same respeclive treatinents when onion was
grown in pure stand. The data also indicated that onion height decreased with
increasing ridge spacing and with increasing plant spacing within each ridging
system. On other hand in no any of the intercropped treatment onion plants could
match up in height with the pure stand onion at the saine respective treatment.
These results were in accordance with those oblained by Toaima ef al. (2001) and
Saleh (2003). Plant to plani competition for light intercepted by foliage miglt be
the cause to enlength onion height. Yield components, bulb diameter and bulb
weight followed reversed trend. There were gradual increases in the values of
both traits with increasing ridge spacing as well as with increasing plant spacing,
although differences of both trails were insignificant in both seasons, except, in
case of bulb diameter in the sccond season. This tendency of the treatment effects
was also due 1o the low below and above ground competition for light intercepted
by foliage and water which was in favour the wider inter and intraspacing effec
oun onion,

Yield/ fed was governed by plant density of onion per unit arca of land,
rather than the yield of the individual plant (expressed in bulb weight). Gradual
decreases in yield of onion per fed were evident with increasing inter and
intraspacing either or both. Onion orientated on ridges 60 cm apan and spaced at
25 cm outyielded all other intercropped wreatments. The excesses were eslimated



Table 5. The inferaction Effect of inter and intraspacing on sugarbeet growth , vield components, vield and chemical

attributes under different cropping systems in 2002/2003 and 2003/ 2004 seasons

Treatment Foliage fresh Tuber Tuber length Tuber Dual tuber  Yield/ fed Sucrose TS.S Purity
weight weight diameter
SO SO kg o1 1+ OO N 1T JUUURRUN (| | O PR UR %....
2002/ 2003

Sole sugarbeer 21333 117 27.17 16.85 1.93 33.63 10.17 15.17 67,04
25 With onion 183.33 0.87 2577 12.50 12.37 26.18 13.13 18.17 72.26
60 With garlic 165.00 0.80 25,12 11.58 15.15 22.67 14.73 18.77 78.47
Sole sugarbees 225.00 1.37 29,53 18.23 1.73 25.03 10.00 15.07 66.33
35 With onion 185.00 0.98 2593 13.95 6.42 24.91 11.36 16.32 69.60
With garlic 173.33 0.92 25.53 12.71 7.67 21.02 13.13 17.78 73.84
Sole sugarbeet 229.18 1.47 28.85 17.77 1.88 28.52 9.83 14.90 65.97

25 With onion 160.00 1.17 27.87 13.85 8.05 26.96 12.27 17.40 70.51
70 With garlic 175.00 0.97 27.87 13.60 13.40 20210 12.50 17.48 70.06
Sole sugarbeer 232.50 1.57 30.23 18.90 1.47 25.80 8.90 14.03 63.43
35 With onion 195 00 1.40 29.07 1597 5.77 2149 11.17 16.03 69.68
With garlic 180.00 0.90 27.99 15.87 5.70 14.34 11.30 17.33 65.20

LSD 0.05 8.45 0.40 0.49 NS 0.70 247 NS 0.41 NS

2003/ 2004

Sole sugarbeet 203.00 1.10 2510 15.45 1.60 30.10 11.50 16.90 68.04
25 With onion 168.33 0.80 23 67 11.00 12.32 22.80 14.50 19.50 7435
60 With garlic 148.33 0.53 22.83 10.17 15.10 19.20 14.70 19 80 74.24
Sole sugarbee 211.66 130 27 40 16.90 1.33 2497 11.40 16.60 68.67

35 With onion 171.66 0.95 2383 12.50 6.00 21.50 12,77 17.75 71.91
With garlic 166.66 0.85 2333 11.33 7.67 17.57 13.83 18.68 74.03

Sole sugarbee: 215.00 1.40 26.70 16.30 1.40 2510 11,10 16.13 68.81
25 With onion 186.66 1.10 25 83 12.17 8.00 25.50 [2.50 17.60 71.02
70 With garlic 171.66 0.73 ) 26 00 12.14 13.33 16.80 13,92 18.90 73.63
Sole sugarbent 226.66 [.30 2810 17.50 1.10 22.40 10.10 15.20 66.44
35 With onion 197.02 135 27.00 14.67 567 18.00 12.00 17.13 70.05
With garlic 185.00 090 25.83 14.50 5.67 13.00 12.70 17.73 71.63

LSD 0.05 7.65 0.17 0.61 NS 0.72 2.22 0.19 037 NS

01s
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to 42.67 and 46.28% over onion raised on 70 ¢m ridges and spaced at 35 cm
apart, in the first and second seasons, respectively. The data also indicated that
yields of onion iutercropped with sugarbeet were significantly less than those
grown in pure stand at the same respective treatments. These results were true in
both seasons and were supported by Kamel ef a/.(1992) and El-Habbak and Abo
Kresha (1993). 1t is also interesting to note that marketable yield of onion
behaved parallel to the total yield/ fed whether grown in pure stand or when
intercropped with beet. However, there were apparent losses in the marketable
yield of onion associated with the narrowest ridging and plant spacing (60 X 25
cm) in both seasons probably due to the deleterious effect of heavy compelition
on onion quality.

Table (6): The interaction effects of cropping system, inter and intraspacing
of sugarbeet on growth, yield components and yield of ¢nion in
2002/2003 and 2003/ 2004 seasons.

Plant Bulb Bulb  Yield/ Marketable

Treatment height  diameter  weight fed yield / fed

......... Cm......... e B cetonn
2002/ 2003
Sole 60.70 4.67 68.98 12.27 10.22
25 Intercropped 48.45 4.37 6070 10.10 8.40
60 Sole 56.55 5.02 71.83 9.17 8.16
35 Intercropped 47.70 4.95 66.00 7.23 6.27
Sole 52.83 5.33 7325 1013 9.16
25 Intercropped 43.66 5.18 70.12 9.10 817
0 Sole 48.00 6.40 75.55 8.60 7.90
_ 35 Intercropped 43.11 5.42 71.25 6.10 517
LSD 0.05 4.60 NS NS 0.62 0,75
2003/ 2004

Sole 52.66 4,98 60.78 11.60 9.78
25 Intercropped 45.33 4.15 57.32 9.50 7.28
60 Sole 49.33 5.23 6547 8.40 747
35 Intercropped 43.66 4.70 61.17 6.40 5.57
Sole 48.66 5.63 69.82 9.50 845
25 Intcreropped  40.00 4.97 62.17 833 7.60
70 Sole 45.66 5.80 71.82 7.93 6.73
35 Intercropped 36.33 5.32 64.16 540 4.75
LSD 6.08 5.16 0.33 NS 0,63 0.63

#- The interaction effects of cropping systems, inter and intraspacing of
sugarbeet on growth, yield components and yield of garlic.

Plant height of garlic whether intercropped with beet or grown in pure
stand was also governed by the competitive relationships between plants. The
narrower inter and intraspacing were, the higher the garlic plants were obtained
(Table 7). These results were in agreement with those obtained by Toaima ef al.
(2001). On other hand, the trend was reversed in case of the effect on yield
components of garlic, the wider ridging and plant spacing were the higher the
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values of these trails were obtained. These results were true in both seasons,
although, differences among the treatment imposed did not reach the 5% level of
significance. However, the results were in agreentent with those obtained by
Kamel ef al(1992) and El-Habbak er a/ .(1993). Yield of garlic/ fed was
tenaciously bounded with garlic density per unit area of land rather than was
effected by the geometric distribution of garlic plants in the field. The excesses in
yield when garlic was grown at the heaviest density 60 X 25 cm over garlic
grown at the lowest density 70 X 35 were estimated to 77.32 and 104.6% in the
first and second seasons, respectively when garlic was intercropped with beet.
Whereas, the excesses were 47.45 and 68.96% for the same respective seasons in
case of garlic grown in pure stand. Marketable yield of garlic followed the same
trend as in onion and same criterion was also observed as in a large losses were
cbserved when garlic was grown at the heaviest density in the intcrcrop as well as
in the pure stand treatment. Further, the statistical analysis also indicaie
significant differences in yield and marketable yield/ fed in both scasons. These
results were also in accordance with those obtained by Toaima ef al. (2001).

TFable (7): The interaction effects of cropping system, inter and intraspacing
of sugarbeet on growth, yield components and yicld of garlic in
2002/2003 and 2003/ 2004 seasons.

Treatment Plant Bulb Buld  Yield/ Marketable
height diameter weight fed yield / fed
...... cm.,..... .ton.......
2002/ 2003
Sole garlic 95.00 3.33 4320 1727 5.90
25  Intercropped 84.00 2.67 3500  5.50 4.55
60 Sole gariic 92.33 3.62 4747 573 4.86
38 Intercropped 83.33 3.17 3692  4.60 3.78
Sole garlic 89.00 3.20 4585 6.10 3.95
25 Intercropped 84.33 3.12 3887 547 4.53
70 Sole gariic 85.00 3.96 48.15 4.10 3.47
____ 35 Intercropped 73.66 3.40 4083 3.73 3.02
LSD 0.05 7.35 NS NS 0.96 0.72
2003/ 2004
Sole garlic 85.00 2.70 4020 6.55 4.58
2§  Intercropped 8133 2.60 3777 4.9 3.92
60 Sole garlic 82.66 3.62 4199  4.50 4,10
35 Intercropped 79.66 2.80 38.57 1385 2.30
Sole garlic 81.00 2.95 4211 527 4.37
25 Intercropped  77.00 2,98 3822 470 3.87
70 Sale garlic 77.33 i 4296 320 2,55
35 Intercropped 66.66 315 4081  2.90 220

LD 0.05 6.45 NS NS 0.43 0.71
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7- Competitive relationships

Data on the competitive relationships when onion or garlic was
associated with sugarbeet indicated that relative yields of both crops in the
association was parallel 1o plant density of either. Table (8 and NIt is evident that
RY values of onion were relatively lower than the relative yield (RY) values of
sugar beet, except in case of the heaviest densities of both crops in the
associations, (60 X 25) in both seasons. In case of parlic-beel association, the
relative yield of garlic exceeded that of the relative yield of sugarbeet except in
case of the lowest density in the second season. The data on total land equivalent
ratio (LER), indicated also thal all treatments imposed cxcept that when sugarbeet
was intercropped with garlic at 70 x 35cm orientation achieved yield advantage,
since all values obtained exceeded the unit. Highest land utilization rate was
achieved when both comnponents in the intercropping were grown at the heaviest
density of either (60 X25 cm) whereas minimum values were oblained when both
components were grown at lowest density of either. Nevertheless, it is also
evident, in all cases, that LER values obtained when both crops were orientated in
60 X 25 were always higher than when orientated at 60 X35 due to ruore plant
population per unit area of land. The data also indicate that values obtained from
sugarbeet onion association at any plant population density were relatively higher
than ihose obtained from sugarbeet garlic associations, indicating that onion is
considered a more compatible companion crop rather than garlic. These results
were true in both seasons and were in agreement with those obtained by Kamel ef
al.(1992), El-Habbak ef al. (1993) and Saleh (2003).

The relative crowding coefficient (RCC) when the ratio of either
component were considered followed the same trends as influenced by plant
orientation systems in intercropping. All values obtained exceeded the unit
indicating yield advantage what cver when the ratio of either component were
considered.

Data on Aggressivity (A) values revealed no any heavy competitive
pressure exerled when either onion or garlic were associated with sugarbeet at
any of plant orientation systems in both seasons. Sugar beet was the dominant
component in all plant orientation system except, in case of growing both crops in
onion sugarbeet assoctation at the heaviest plant density. On the other hand, garlic
was the dominant component excepl in case of (70 X 35) it was dominated
indicating relative higher competitive pressure rather than onion. Toaima ef al.
(2001) came to similar result.

It could be concluded that yield advantage obtained from all these
intercrop systems as compared to sole cropping might be due to the added
production due to the substantial leaf canopy. Moreover, both onion and garlic
proved to be good compatible companion crop with sugarbeet due to erectophile
and fimited leaf canopy of both onion and garlic.
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Table (8): Effect of inter and intraspacing on competitive relationships and
monetary advantage of garlic intercropped with sugarbeet in
2002/2003 and 2003/ 2004 scasons

Charac-  Land equivalent ratio Rclative crowding Agpressivity

e (LER) coefficient (R.C.C) AN
Treat- Lgu.gnr Ksugar K o Alugnr

ment Lo beet LER Kaen beet beet

Ridge spaeing/ plants spacing
2002/ 2003
60/25 076 067 143 2305 028 645 +009 009
60/35 0.63 063 126 1995 020 399 +0.01 -0.01
70/28 075 060 120 2333 021 489 4015 0.5
70/35 0.51 0.43 0.96 16.33 0.12 .59 +0.09 009
2003/ 2004
60/25 075 064 133 2155 024 517 +H0.12 012
60/35 059 058 12 1752 016 280 +0.01 00l
70/25 0.71 056 123 2115 018 380 +0.16 0.6
70/35 044 050 082 1334 013 173 006 +H.06

Table (%9): Effect of inter and intraspacing on competitive relationships of onion
intercropped with sugarbeet in 2002/2003 and 2003/ 2004 seascns

Charac- Land equivalent ratio Relative crowding Agpressivity

ters (LER) eoefTicient (R.C.C) A"
Treat- Lougar Kugar LS Agpww  Agugar
ment e et PR Ko beet beet

Ridge spacing/ plants spacing
2002/ 2003
60/25 0382 0.78 1.56 3419 048 1647 +0.04 004
60/35 059 0.74 1.33 2531 034 860 015 +0.15
70/25 0.74 080 1.53 3150 041 1292 -006 +.0006
70/35  0.50 064 LI14 2158 026 S61 -014 +014
2003/ 2004
60/25 (.82 0.76 1.51 3344 043 1438 H.06 .06
60/35 0.55 0.71 .26 23130 032 746 016 +H.16
70/28 0.72 078 143 2999 036 1080 006 +H.06
70/ 385 047 0.60 1L 19.87  0.22 437 0.1y +0.13
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