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ABSTRACT

Two figld expeAments were conducted at Mallawi Experimental Station
(Middie Egypt) during 2002/2003 and 200372004 seasons to study the effect of
imtercropping sugar beet with omion , faba bean or wheat on yield and yield
components of sugar beet . The experimental design was randomized complete
block design with three replications . The important results could be summarized as
follows :

1. Yigld of sugar beet was significantly reduced by intercropping and the reduction
was more evident wheat as compared with pure stand in both seasons Yield and
yield components under bed system (120 cm) were higher than that grown on
ridges (60 cm} .

2. Chemical characters of sugar beet i-e T.5.5 % , sucrose % and sugar yield /
fad were significantty reduced by intcrcropping and the reduction was in
highest value when intercropped with wheat comparing with pure stand in both
$2asons ,

3. Imtercropping onion with sugar beet on bed system gave higher yield than on
ridges. Bulb weight under bed system was heavier than under pure stand ,
However imercropped bulb yield / fad was reduced as compared to pure stand .

4. Faba bean and wheat vield were significantly decneased by intercropping
comparing with pure stand . The yield of faba bean and wheat grown with sugar
‘beet on bed system wene higher than under ridges .

5. The highest values of LER and gross retum were cbserved when sugar beet
intercropping with omion on bed system .

This study showed that grown sugar beel with onion on bed system

gave the highest economic retumn for the farmers .

INTRODUCTION

Agricultural intensification is considered to be one of the important
ways of solving or decreasing the gap between production and
consumption of food products . Application of intercropping some field
crops with other crops such as sugar beet , sugar cane, cotton, would
decrease the food gap especially for strategic food craps .

Some farmers started to plant faba bean in an irregular
arrangement in sugar beet fields . Sugar beet yield was not significantly
reduced by intercropping with faba bean and it raised the total income
Nour and Farag ( 1984 ), Farag { 1990 ) and EL-Borai and Radi {1993).
Whereas, Abou -Keriasha ef al(1991) , Amer ef al(1997), Metwally ef
al{1997), Abd EL-AIL, {2002 ) and Farghaly et al{ 2003 ), indicated that
monoculture  planting gave the highest valyes of yield and its
components of sugar beet as compared to the iniercropping systems .
Abdel - Aal et al ( 1989 ) they concluded that the intercropping faba
bean at different densities on sugar beet decreased root length and diameter
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and yield of top and root per plant and per faddan of beet as compared to
sole planting. Abou- Keriasha et a/.(1991). showed that seed yield / pfant ,
seed index and seed yield / fad of faba bean were statically influenced by
intercropping . Monoculture faba bean, chick pea and lentil produced
the highest means of plant higher and seed yield / faddan than the other
intercropping systems Amer et al.{ 1997 ), Metwally et al.( 1997 } , Hussein
and El-Deeb , (1999} and Farghaly et ai.( 2003 ) showed that yield of sugar
beet intercropped with onion , faba bean and chickpea were reduced by
intercropping .The highest values for LER were observed when intercropping
sugar beet with onion, while the lowest values were done when
intercropping sugar beet with faba been. Besheit et a/.(2002) found 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 cm } width
was higher and negafivity affected sugar beet quality and productivity .
Marey, (2003) recorded 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 . Hussein and E!-Deeb
(1999 ) found that intercropping faba been at a density of 4 plants /m?
with sugar beet increased profitability by L.E 12.5 % than solid sugar
beet. Toaima et a/.(2001) found that higher yield was obtained with the
intercropping system when it was 120 cm 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 .

MATERIAL AND METHODS

Two field trials were carried out at Mallawi Agriculture Research

Station in Minia governorate ( Middle Egypt ) during 2002 / 2003 , and 2003/

2004 seasons to investigate the effect of intercropping sugar beet ( cv.

Gloria} with onion {(Giza 6 ), faba bean (Giza 674} and wheat ( Giza 168 )

on vyield and its components of sugar beet .The experimental design was

randomized complete block system with three replication . The plot
area was 10.8 m? containing of 3 beds or 6 ridges, 6 m long . The
treatments were :-

1. Sugar beet was planted on one side of ridges (60 cm ).at a distance of
20 cm apart ( 35.000 plants / fad ) and onion was transplanted on the
other side of ridge10 cm apart ( 70.000 plants /fad } .

2. Sugar beet was planted on one side of ridges (60 cm ), 20 cm. apart
{ 35.000 plants / fad ) and faba bean planted in one row on the other side
10 cm . apart two plants / hill { 70.000 planted / fad } .

3. Sugar beet was planted on one side of ridges (60 cm), at a distance 20
cm apart ( 35.000 plants / fad ) and wheat was planted inone row
on the other side, 10 cm apart between hills .

4, Sugar beet was planted on both sides of the bed system (120 cm), at
a distance of 20 cm. apart between hills { 35.000 plants/ fad ) and onion
was transplanted as two rows or the top of the ridges, at a distance of
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20 cm. apart between rows and 10 cm. between hills ( 70.000 plants /
fad) .

5. Sugar beet was planted on both sides of the bed system and faba bean
was planted as two rows on the top bed ata distance of 20 cm.
between rows and 10 cm. between hills and thinned to two plants / hill {
140.000 plants / fad ) .

6. Sugar beet was planted on both sides of the bed system and wheat was
sown on two rows on the top of the bed, at a distance of 20 cm
between rows and hills .

The solid crops of onion and faba bean were planted on both sides of
ridges (60 cm.), at a distance of 10 cm between hills ( 70.000 ptants for
onien and 140.000 plants for faba bean / fad ), while solid sugar beet was
planted on one side of ridges at a distance of 20 cm between hills { 35.000
plants / fad .j and wheat was seeded in rows ( 20 cm between rows ). The
preceding crop was maize in the two seasons.

Data of sowing and harvesting dates for the four crops recorded in Table 1,

Table 1: Sowing and harvesting dates of sugar beet, onion, faba
bean and wheat in both seasons.

Sowing date Harvesting date
Season | S.beet| onionjF. bean| wheat| S.beet| onion|F.bean| Wheat
002/ 2003 |Oc¢t.28 " Nov.18710ct.28" Nov. 11" May. 15 Apr.22 r.23 "May. 11
03/ 2004 {Nov.3" Nov.23"10ct.23% Nov.8" May.23 Jar.wﬂ%npay.s“’ May.8™

Normal cultural practices were done for crops under study either in
pure stand or intercropped as recommended . Calcium super phosphate (
15 kg P, Os/ fad ) was added during soil preparation .Potassium fertilizer
was applied as potassium sulphate (48 K;O) at the rate of 24 kg K;0 / fad
with the first N-dose . Nitrogen fertilizer for sugar beet (90 kg N/ fad ) was
added after thinning and after 75 days from sowing. While nitrogen
fertilizer for onion (60 kg N / fad) in three doses , the first dose was applied
during transplanting , the second dose after one month and the third one
after two months from transplanting . For wheat nitrogen (60 Kg N/ fad)
was applied in three equal doses before first, second and third
irigations.

Ten plants from each treatment were chosen randomly to determine
yield parameters. White the yield / fad . was determined from the whole plot .
The traits under study were ;
1-Sugar beet .

Number of roots / m? ( at harvesting } , root length (cm) ,root diameter
{cm} , root fresh weight / plant {gm), root yield {ton /fad ), top fresh
weight / plant (kg) . top length (cm) and top yield { ton / fad .) .Quality
attributes : A fresh sampie was taken from fresh roots of sugar beet plants
representing each treatment to determine : total soluble solids percentage
{1.5.5%) was measured by using hand fractometer according to AO.AC.
(1984). Sucrose % by saccharemeter according to Le-Docte ( 1927 ).
purity % was calculated as (sucrose % by 7.5.8%) x 100 and sugar yield =
root yield {ton/fad} x sucrase % .

2603



Gadallah, R.E et al.

2-Onion

Number of bulbs / m?, bulb diameter {cm), bulb weight ( g ) and bulb
vield ( ton / fad .). - .
3-Faba_bean

Number of branches / plant , number of pods / plant , number of
seeds / plant , seed yield f plant (g), seed yield (ardab / fad) and straw yield {
ton / fad ).
4-Wheat

Number of grains / spike , spike length (cm), welght of grains/
spike, 1000 grain weight {g), grain yield ( ardab / fad.) and straw yie!d ( ton/
fad .).
Competitive relationships
1-Land_equivalent_ratio (LER) : According to Willy (1879 ) the following
formula was used :

LER =

where : yaa = pure stand yield of species a
ybb = pure stand yield of species b
yab = Mixture yield of a { when combined with b )
yba = Mixture yield of b ( when combined with a )
2-Relative crowding coefficient { Rcc)
According to Dewit (1960 ) K for crop a, ( K ) for crop b and ( Rec ) for
the two crops were calculated as follows :-

abx zba ba x zab
Kab = B4 ,Kba = 4
(yaa — yab) x zab (ybb - yba) x zba
where = zab = sown proportion of crop a ( in a mixture with b} .
zba = sown proportion of crop b ( in a mixture with a } .
if ever k> 1 there is a yield advantage, if k=1 there is no difference
and there is yield disadvantage if k<1.
3-Aggressivity { Adg )
This was proposed by Mc-Gilichrist {1960 ) and was determined
according to the following formula .

yab  yba
yaaxzab ybbxzba

An aggressivity value of zero indicates that the component crops
are equally competitive . For any other situation both crops will huve the
same numerical value , but , the sign of the dominante crop will be
positive and the dominated negative. The greater the numerical value of
(Agg ), the bigger the difference in competitive abilities and the higger the
difference between actual and expected yields .
4-Gross profit :

Gross profit was calculated in Egyptian pound ( L.E / ton) for sugar
beet and onion (L.E.100 / ton) for sugar beet and ( L.E 216.5 / ton for onion ).
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Pricas of faba bean and wheat seeds were L.E 105/ ardab for faba been
L.E 175 [ ardab for wheat , according to Ministry of Agriculture and land
Reclamation, Economic Affairs Sector Agricultural Statistics, volume 2 ,
March 2002 pp:113.114 .

Data of the two seasons were Statically analyzed according to
Snedecor and Cochran (1988 ) using MSTAT computer V + { 1986 )} and
L.S.D test at 5 % level was used to compare between treatment .

RESULTS AND DISCUSSION

I. Sugar beet

Data presented in Tables ( 2and 3 } showed that yield , yield
components and chemical characters of sugar beet were significantly
affected by intercropped crops in both seasons except in cases of T.5.5.% in
the first season and purity % in both seasons .Number of roots Im?, top root
and chemical characters were less affected when intercropped with onicn
whereas root fresh weight under bed system were increased . While
these characters were more affected when intercropped with wheat .
The highest values were observed when intercropping sugar beet with
onion under bed system (120 cm.}, followed by onion under ridges { 60
cm ). While the lowest values were observed when wheat was on
ridges. The reduction in thz characters when intercropped with onion on
bed system were 9.03 and 11.65% for number of roots / m*, 17.17 and
23.48 % for top length , 17.43 and 33.33 % for top fresh weight 13.44 and
394 % for root length and 16.44 and 20.18 % for root diameter as
compared to solid in the first and second seasons respectively. Sugar beet
and onion grown on ridges , the reduction was 10.40 and 12.39 % for
number of beets / m?, 20.9 and 29.56 % for top length , 20.02 and 42.11 %
for top fresh weight, 13.44 and 13.71% for root length, 29.08 and 24.4 %
for root diameter and 0.06 and 0.04 % for root fresh weight as compared
to solid in the first and second seasons respectively .

The intercropping of sugar beet and wheat on n'd?es the resulted in
reduction by 38.57 and 34.80% for number of roots / m*, 52.25 and 41.74
% for top length , 57.80 and 38.60 % for top fresh weight , 34.62 and 33.35
% for root length , 50.23 and 51.77 % for root diameter and 53.64 and
60.98 % for root fresh weight as compared to solid in the first and second
seasons respectively.

Top and root vield of sugar beet per faddan were reduced when
intercropping with onion , faba bean or wheat compared with pure stand .
Top and root yield / fad were more affected when intercropped with wheat
than with onion. Root yield of intercropped sugar beet with onion, faba bean
or wheat were 14.59 and 11.89% with onion 38.23 and 38.11% with faba
bean and 55.40 and 63.63 % with wheat under bed system in the first and
second seasons respectively .While root yield under ridges were 29.63 and
27.65% of onion, 42.66 and 44.51% of faba bean and 66.70 and 63.63% of
wheat in the first and second seasons respectively. '
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Regarding to chemical characters of sugar beet (T.S.S., sucrose, purity and
sugar yield) in Tables { 2 and 3 ) showed that T.$.8.% in the first season and
sucrose % and sugar yield / fad in the two seasons only were significantly
affected by intercropped crops (onion, faba bean and wheat ). Intercropping
onjon, faba bean and wheat significantly decreased T.5.8% sucrose %
and sugar vyield / fad compared with pure stand sugar beet in the two
seasons. This results are in agreement with these obtained by Amer et
al.(1997) , Toaima et al.(2001) and Farghaly ef a/.(2003) .

It is clear that vield and yield components of sugar beet were
less affected by intercropping with onion than intercropping with faba bean
or wheat .This results are mainly large due to the lower below and above
ground competition fore nutrients, water and light when intercropped
sugar beet with onion as compared to the other intercropped crops.
This findings are in agreement with those obtained by Amer ef al{1997),
Toaime et al{ 2001), Abd-El-All ( 2002 ) and Farghaly e! a.(2003) .

The results also showad that the highest sugar beet quality and
productivity were obtained from , planted sugar beet on both sides of bed
system (120 cm), and intercropped with two onion rows on the top ridge,
while the intercropped crops (onion, faba bean or wheat) planted on the
other side of sugar beet of ridges ( 60cm ) was highest negatively
affected sugar beet quality and productively . Similar results were obtained by
Beshit et a/.(2002),

1. Intercropped crops
1.onion:

Data in Table 4 showed intercropping of sugar beet with onion on
yield and yield components of onion, number of bulbs /m?, bulb diameter,
and bulb yield /fad. were decreased by intercropping while bulb weight under
bed system was increased compared with pure stand.

The reduction under ridges was higher than under bed system . The
reductions in the characters under bed system were 41.23 and 33.28 %
for number of bulbs /m?, 9.52 and 3.47 % for bulb diameter and 30.54 and
34.0 % for bulb yield / fad Whereas under ridges were 73.98 and 70.88 %
for number bulbs / m?, 22,70 and 22.62 % for bulb diameter and 50.33
and 55.69 % for buib yreld / fad in first and second seasons respectively .

Bulb weight of onion on bed system was heavier (1.15 and 1.13% in
both seasons) than pure stand. However, tha intercropped bulb yield / fad
was lesser than vyield of pure stand. The current data indicated that the
increase in bulb weight under bed system could not compensate the
reduction in number of plants/ fad actual stand to bulb yield / fad. The
reductlon in yield bulb under ridges due to bulb weight and number of
bulb / m* were lesser than when planted under pure stand .These results
may be attribute to the fact that increasing number of bulbs per unit area
under ridge means high competition between plants for nutrients carbon
dioxide , moisture , light etc . Similar results were obtained by Toaima et
al.(2001) and Beshit ef a/.(2002).
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Faba bean:

Data in Table (5) show that all characters studied of faba bean
were significantly affected by “inlercropping expect no. of seeds / pod in both
seasons, however no .of branches / plant, no. of pods / plant, no. of seeds /
pod , seed vyield / plant , seed yield / fad. and straw vyield / fad. were
decreased compared with pure stand in both seasons. Characters values
of intercropped faba been on sugar beet under bed system (120 cm) were
higher than grow on ridges (60 cm) .The reduction in characters under ridges
were 15.31 and 12.23 % for number of branches / plant, 46.15 and 32.07
% for no. of pods / plant, 13.94 and 879 % for no. of seeds / pod and
32.3% and 26.83 % for seed vield/ plant in the first and second seasons
respectively . Seed vield of intercropping faba been decreased on bed
syslem and ridges were 48.98 and 62.30 % of pure stand in the first season
48.31 and 65.46 % of pure stand in the second season, respectively . The
reduction in seed vyield of intercropped faba bean due to that yield
components character and number of plants per unit area ( faddan ) were
decreased as compared to pure siand . These results were in harmany
with those obtained by Abou -Keriasha et al (1991) , Amer et al (1997) and
Farghaly et al {2003) .
2.Wheat_:

Data in Table (6) show that no. of grains / spike , grain yield and straw
yield / fad were significantly affected by intercropping systems in both
seasons. The highest values of spike length, no. of grains / spike , weight of
grains spike and 1000 grain weight were observed when wheat grown
with sugar heet on bed system, whereas, the lowest values were observed
under ridges in both seasons . Grain and straw yield / fad of intercropped
wheat were more decreased as compared to pure stand . Grain yield / fad
under bed system were 68.37 and 71.26 % of pure stand, while, under
ridges were B80.09 and 81.43 % of pure stand in the first and second
seasons , respeclively, The current data indicated that increase in spike
length, no, of grains / spike weight of grains spike and 1000 grain weight
under bed system could not compensate the reduction in number of plants /
fad in the respect yield / fad .

ill. Competitive relationships and advantage :
1.Land Equivalent Ratio (LER }:

Dala presenied in Tables (7 and 8) showed the effect of intercropping
sugar beet with other winter crops { onicn, faba bean or wheat ) on land
equivalent ratio (LER). land equivalent ratio ( LER) values was greater than
one by intercropping sugar beet with onion on both bed system and ridges
and with faba bean on bed system only in both seasons .This clarify that
the actual productivity was higher than the expected productivity when
sugar beet was intercropped with onion bed system or ridges and with
faba bean on bed system. Sugar beet relative yield (RYS) was large when
intercropping with onion under bed and ridges and with faba bean under
bed system and it decreased when intercropping with wheat under both
bed and ridges and with faba bean under ridges .
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Relative vyield of onion and faba bean only was over half when
intercropping with sugar beet under bed system. The highest LER values (
1.54 and1.60 } was observed when intercropping sugar beet with onion
on bed system in the first and second seasons , respectively . On the
other hand of these values it could be concluded that planting sugar beet
with onion under bed system may produce the best yield advantage
and the highest land usage . This results was confirmed by Toaime et al (
2001 Yand Farghaly et a/.(2003).

2.Relative crowding coefficient (RCC) (k):

If a species has a relative crowding coefficient (K) less than, equat 1o or
greater than one this means that it produced less yield , the same yield
or more yield than expected, respectively .

Data in Tabtes {7 and 8) show that relative crowding coefficient { K } for
both sugar beet and intercropped crops was large when intercropping
with onion and decreased under ridges . The highest values of K was
observed by when intercropping sugar beet with onion under bed system
(13.17and17.86 ) in the first and second seasons, respectively. While the
lowest values was observed when intercropping sugar beet with
wheat under ridges (0.13 and 0.13) in the two seasons, respectively .
3.Aggressivity (Agg ) :

Data in Tables { 7 and 8 ) showed that intercropping sugar beet
with onion under ridge gave the highest values of { Agg) 0.40 and
0.56 in the first and second seasons , respectively . The lowest values (
0.19 and 0.21 )} in the first and second seasons, were observed when
intercropping sugar beet with wheat and with faba bean under bed system.
Sugar beet was the dominant ({ positive values ) , whereas the
intercropped crops ( onion , faba bean or wheat ) were the dominated
crops { negative values ). This resulls is in disagreement with that
found by Farghaly et a/.(2003) .
4.Gross returns / fad

Data presented in Tables { 7 and 8 ) showed that intercropping
the other crops (onion, faba bean or wheat)on sugar beet had effect
on gross returns / fad , where the highest gross returns / fad { 4092.45 and
4005.35 ) was obtained when intercropping sugar beet with onion under
bed system ( realized more than pure stand of sugar beet ) in the first and
second seasans, respectively. Whereas, when sugar beet intercropped with
onion under ridges was the second rank, but less than pure stand of sugar
beet .The lowest gross returns was abserved when sugar beet cropped
with wheat under ridges system in both seasons.

In conclusion , this study showed that the best treatment was
growing sugar beet with onion under bed system (120 cm) which gave
the highest economic return for the farmers Similar results were recorded
by Toaime et al.(2001) and Farghaly et ai.(2003) .
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