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ABSTRACT: Two field trials in RCB design were carried
out in Shandaweel Experimental Station Agricultural Research
Center (ARC). Sohag governorate (26, 34 oN) during 2000/
2001 and 200172002 seasons, o study the effect of intercrop-
ping onion in various densities (77000, 115.500 and 154000
plants/fed., represent 50, 75 and 100 of the sole onion crop) on
the quality and productivity of sugar beet planted in two ridge
width i.e. 50 and {00 cm (without any change in beet density).
In the same time, economic evaluation of intercropping such as
farmer net return (NR) and profitability was take in considera-
tion. The results revealed that; intercropping onion in various
densities on sugar beet planted in both ridge width had insig-
niftcant effect on most quality and productivity traits in both
seasons, except pol% (in the first season), extractable sugar
(sugar recovery), extractability % and sugar yield ton/led. (In
both seasons).

The highest beet quality and productivity were obtained from
beet planted on 100 cm ridge width and intercropped with two
onion rows (represent 50% (77000 plant/fed) density of onion
in pure stand in both seasons while, intercropping onion on the
other side of beet ridge 50 cm width (gave the same previous
onion density) was high and negatively affected beet quality
and productivity,

Average beet bulb, yield/fed and TSS were significantly re-
duced by various intercropping patterns on both seasons as
compared with onion in pure stand, meantime yieild of onion /
Fed increased gradually with the increase in onion density. All
intercropping treatments are increased markedly farmer net re-
turn and profitability per unit capital input (one LE), but inter-
cropping two or three of onion (represent 50 and 75 %dcensitly
of onion on pure stand) on the wide ridge of beet were maxi-
mized those traits.
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INTRODUCTION

Egypt agriculture has the advantage of enjoying rich endowments of nat-
ural and man-made resources, with favorable temperature and abundance of
sunshine available throughout the year. The fertile soil and water also can
profitably be used to maximize crop production per unit area of land and
other capital resources. This approach known as multiple cropping or inter-
cropping. Intercropping may be defined as the growing of two or more crops
simultaneously in the same field. This results in crop intensification in time
and space {Androws and Kassan, 1975).

Intercropping is wide spread in most developing countries of Africa,
Asia and America, moreover. The previous studies showed that this patterns
is more suitable for small holder former due to the increase in the productiv-
ity and the net return (Nelliat et al, 1974; Panner, 1975; Osman and Haggag,
1981, El-Geddawy et al, 1988; Farrag 1990; EL-Ammary et al, 1999; Enan
1999; Beshay et al, 2000 and Toaima et al, 2001). In Egypt, intercropping
patterns are used successfully from long time using various summer or win-
ter crops. In this connection, the available literature showed that a major ad-
vantage of intercropping beet with some winter crops is an increase in the
productivity of land as measured by sugar yield per unit area and farmer net
return without any effect on the productivity of cultivated area of beet (Bak-
er and Norman, 1975; Nour and Farag, 1984; Beshay et al, 2000 and Toaima
et al, 2001).

Onion (Allium cepa L.} one of the most important winter crops grown
for local consumption and exportation. Under Sohag governorate conditions,
where, the first onion drying factory was established since 1960. Moreover,
the production of sugar beet in Sohag governorate since 1990 had proved
successful. Therefore, the aime of this work was to study the effect of inter-
cropping onion in various densities on beet planted in two between ridges
spacing, and to assessed the impact of this system on the quality and produc-
tivity of both crops as well as economic evaluation. '

MATERIALS AND METHODS

Two field trails were carried out in Shandaweel Experimental station,
Sohag governorate during 2000/2001 and 2001/2002 seasons.

52



Al-Azhar 1, Agric, Res., Vol, 36, 51 - 65 (December), 2002

Each trial consisted of six trearments as follows:

T,- Pure stand of sugar beet (Beta valgaris) Oscarpoly multigerm variety
was planted on 50 cm ridges on hills 20cm apart to give target plant popula-
tion of 30000/fed. (Tradional sugar beet cultivation}.

T,- Pure stand of onion Allium Cepa L. var Giza 6, was planted on
25cm rows and hills 10 cm apart to give target plant population of
154000/fed.

T, - Intercropping onicn with sugar beet by planting sugar beet as in Tl
while, onion was planted on the other side of the ridges in hills 10 cm apart
to give 77000 plant/fed (represent 50% of the sole onion crop).

T,, T5 and T~ Intercropping onion with sugar beet by planting sugar beet
on 100 c¢m ridges on hills 20 cm apart on both sides of ridges (100% of the
sole beet crop) and planting 2,3and 4 rows of onion on the top of the ridges,
10 cm within plant to gave 77000,115500 and {54000 plant /fed. (Represent
50, 75 and 100 of the sole onion crop), respectively.

Treatments were arranged in randomized complete block design with
four replications. Each plot (21 m?) consisted of six ridges 50 cm apart for
T,, T, and three ridges (1 m apart) for T,, T,, Ts and T, and both 7 m long.

Beet was planted on September 5 and 10, 2000 and 2001, respectively,
while onion was planted two months later after beet planting. Super phos-
phate (15.5% P, O,) at the rate of 15.5 Kg/fed and Potassium sulphate (48%
k,0) at the rate of 24 kg /fed was applied during land preparation. Nitrogen
fertilizer was applied at the rate of 75 kg /fed in the from of ammonium ni-
trate (33.5%N) in three equal doses the first after beet thinning (30 days
from sowing), the second was one month later (at onion planting) and the
third one after month later, (where, beet age was three months and onion
was one month age).

Other normal practices of both sugar beet and onion were maintained at
the recommended level to assure optimum production. Beet and onion were
harvested in both seasons in the first week of April, where beet and onion
age reached about 6 and 5 months, respectively.
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At harvest, a sample of ten guarded plants were taken at random to deter-

mine juice quality in the fresh roots using an automatic French system (HY-
CEL) apparatus as follows

1-

a-

Sugar beet quality parameters:

Sucrose percentage (pol%) was polarimeterically determined according
to the methods of le Docte (1927).

Juice impurities which including.
Purity percentage.
Potassinm and sodium (flame photometry).

ot amino nitrogen determined using ninhydrin methods according to Car-
ruthers et al. (1962},

Sugar beet teéhnological parameters:
Sugar loss in molasses and purity according to Devillers (1988)

Sugar extraction (Recovery or Rendement) and Extractability according
to Dexter et al. (1967).

Sugar beet productivity:

Root characteristics and root yield T/fed.
Plant top weight and top yield ton/fed.
Sugar yield ton/fed.

Percentage of total soluble solids (TSS) of onion bulb was measured us-
ing hand referactometer:

Economic evaluation was carried out.

Data were statistically analyzed according to the procedure out lined by

Roger (1985).

RESULTS AND DISCUSSION

1-Sugar beet quality parameters:

a- Sucrose percentage (pol%)

Results of the first season (Table 1) indicate that intercropping onion on

the other side of the ridges (50 cm) planted with sugar beet (T,) significantly
reduced sucrose percentage (pol%) of the extracted juice as compared with
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beet planted on ridges 50 cm in pure stand. Meantime various densities of
onion (77000, 115500 and 154000 plants/fed) intercropped on sugar beet
planted on 100 cm ridges (T,, T, and Ty) had insignificant effect on this trait
as compared with beet in pure stand (T,). However, in the second season;
variouis intercropping patterns insignificantly affected sucrose percentage
(Table 1). Data also manifested that intercropping 2 rows of onion (77000
plant /fed) on the back of wide ridges (100 cm) of beet (T,) exhibited the
highest sucrose percentage in both seasons as compared with the same onion
density bur on the norrow ridges 50 cm of beet (T,) where intrinsicall
reduction in sucrose percentage was detected (Table 1). Such effect of (T})
may be due to the better spatial use of light and other resources, while inter-
cropping on narrow ridges (T,) may be due to the high competition between

the two crop on various resources.

The obtained resuits are in harmony with those obtained by of Nour and
farag (1984) Beshay et al (2000) and Toaima et al {2001).

Table (1): Root quality and of sugar beet as affected by intercropping patterns.

FOL Impurities Ex = £
Yo A g& 2
. L2 Jo 8
Treatments Purity % 7y g 5 g 8¥
o AN, Na K e S 3 2
vy & Ll I
4y
2000/2001 season
T1 1598 1.35 222 457 92.09 1.79 13.39 85.04
T3 15.46 L39 227 458 91.60 .81 1305 8441
T4 16.04 1.36 225 455 92.1¢ 1.79 1365 85.10¢
T5 15.92 1.30 225 4.60 92.05 1.79 1353 84.99
T6 15.82 1.32 235 4356 91.94 1.80 1342 84.83
LSDass 031 NS NS NS NS NS 0.5 015
2001/2002 season
T1 14.65  0.87 1.68 3.53 93.43 1.45 12,60 86.01
T3 1448 091 178 3.55 93.21 1.47 1241 B85.70
T4 1480  0.87 1.74 3,53 93.44 1.46 1274 B86.08
TS 1467 092 1.75  3.51 93.35 147 12.60 83.89
T6 14.40 1.02 1.85 3.53 93.11 1.51 1249 85.35
L.S.D g0 NS 0.09 0.10 NS NS NS 0.16 0.20
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b- Juice impurities (Non sugars)

Data in (Table 1) show that various densities of onion intercropped on
sugar beet planted on both narrow and wide ridges had insignificant effect
on juice impurities ¢ amino nitrogen, Na and K in the first season only,

while this trend was the same in the second season for juice k content.

In general, the content of impurities show inconsistent trend with various
densities of onion intercropping patterns. The obtained results were partly
similar to those obtained by Beshay et al (2000).

c- Purity percentage.

Slight variation in juice purity percentage (statistically insignificant) has
been detected in both seasons between beet in sole crop and various densi-
ties of onion intercropped on beet planted on both norrow and wide ridges
(Tablel). In general, intercropping onion on the other side of beet ridges, 50
cm width (T3) and 4 onion rows (the highest density) on the wide beet ridg-
es (100 cm) exhibited a marked reduction in juice purity in both seasons
(Tablel). Similar effect has been also detected on sucrose percentage. These
findings are in line with those of Beshay et al. (2000) and Toaima et al
(2001).

2-Sugar beet technological parameters.
a- Sugar losses in molasses

Data in (Table 1) cleared that various densities of onion intercropped on
beet planted on norrow or wide ridges had insignificant effect on sugar loss-
es in molasses in both seasons. Such effect may be due to the slight effect on
juice impurities as mentioned before. The present results are in accordance
with those reported by Beshay et al (2000) who showed that onion or garlic
intercropped on beet had a slight effect on sugar losses in molasses, In this
connection Last and Draycott (1977) pointed to the highly negative and sig-
nificant correlation between the loss of sngar to molasses and the non sugar
K, Na and o Amino.N. Similar results were olso reported by Hilde et al.
(1983) and Van Geijn et al. (1983).
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b- Extractable sugar and Extractability percentages.

Extractable sugar percentage (Recovery) and extractability {extractable
sugar as a percentage of beet Pol%) were significantly affected by various
intercropping patterns (Tablel). In general, the reduction in both traits was
depended not only on density of the intercropped crops but also upon beet
ridges width. In both season intercropped onion T, (density of 77000 plants
/fed) on the other side of the narrow ridges (50 cm) planted with beet exhib-
ited the highest reduction in extractable sugar and extractability percentages
as compared with beet in pure stand (Table 1), followed by onion inter-
cropped in 4 rows (density of 154000 plants/fed) with beet planted on wide
ridges (100 ¢m T6). On the other hand, both traits were maxmized (differed
insignificant with beet in pure stand) when onion intercropped in 2 rows
{density of 77000 plants/fed) with beet planted on wide ridges (100 cm T4).
Such effect may be due to that the two crops canopies had not overlapped
and a better temporal use of light was verified under these condition. Similar
findings are reported by Beshay et al (2000) who found that beet intercrop-
ping with onion and garlic gave nearly equal extractable sugar and extracta-

bility values to those of sole beet.
3-Sugar beet productivity.
3-a Root characteristics and root yie[d T/fed.

Data presented in (Table 2) reveale insignificant effect of various inter-
cropping patterns in both seasons on root characteristics expressed as length,
diameter and weight and root yield ton/fed. The best root performance in
terms of length, diameter and weight and root yield T/fed were resulted
from beet planted on wide ridges and intercropped with two onion rows (T,)
as compared with sole beet, followed by T (beet planted in wide ridges and
intercropped with three onion rows). On the contrary the lowest root charac-
teristics and yield of T, (onion intercropped on the other side of ridges 50
cm width) (Table 2).
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Table (2): Root characteristics, and yield of sugar beet as affected by onion
intercropped in various patterns.
Root  Root  Root
Treatments length diameter weight

Root yield Planttop Top yield Sugar yicld

s 12
cm)  (cm) (@) f wt, (g) 1723 t'f
200002001 season
T! 3230 1360 950 3260 600 21.65 4.43
T3 32.1¢0  13.30 935 31.15 625 2045 4.07
T4 3230 13.80 995 32.75 660 21.70 4.47
T5 3230 13.50 980 32.35 643 2130 4.38
T6 3220  13.50 950 31.33 640 21.10 4.21
L.S.Dges NS NS NS NS NS NS 0.24
20001/2002 season
Tl 33.10 1430 1015 33.55 635 20.90 4.23
T3 32.80 13.80 g0 32.25 615 20.70 4.00
T4 33.20 1450 1025 33.75 645 21,35 4.30
T5 33.3¢ 1420 1040 33.35 640 21.10 4.21
T6 3290 14.00 990 32.65 630 20.85 4.08
LSDges NS NS NS NS NS NS 0.16

The obtained results give evidence to the possibility of growing beet and
onion crops simultaneously in the same field, but only by change in ridges

with width, keeping the same beet density and productivity.

These results are in line with those of Nour and Farag (1984) who stated
that intercropping bean with sugar beet increased root yield, EL-Ammary et
al (1999) pointed out that intercropping pattern (autumn sugar cane +onion)
maxmized cane yield than does wheat or been. More recently, similar results
are also reported by Beshay et al (2000) and Toaima et al (2001) who
showed that intercropping onion or garfic with sugar beet increased root
yield ton/fed.

3-b Plant top weight and top yield ton/fed.

Slight variation in individual plant top weight /g and top yield t/fed (sta-
tistically insignificant) has been detected in both seasons between sole crop
and various intercropping paﬁerns (Table 2). Such effect may be due to the
better spatial use of light and other resources by either beet alone or beet +
onion especially under in wide ridges.
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Contrary results were reported by Beshay et al (2000), and Toaima et al
(2001). who found that intercropping onion or garlic on beet decreased top
fresh weight and top yield.

3-c Sugar yield ton/fed.

Various densities of onion intercropped on beet planted on both narrow
(T3} and wide (T, T, and T,) ridges had insignificant effect on sugar yield
ton/fed, In 2000/2001 and 2001/2002seasons. Intercropping onion on the
other side of beet ridges 50 cm width (Ty by 8.13% and 5.44% (tradional
planting of beet) significantly reduced sugar yield in both seasons, respec-
tively as compared with sole beet followed by T, and T in descending order
(onion intercropped in 4 and 3 rows, density of 154000 and 115500 plants/
fed with beet planted and wide ridges 100 cm Table 1).

On the other hand onion intercropped in two rows (T,) plant density of
77000plants/f with beet planted in wide 100 cm increased slightly sugar
yield t/fed by 0.90% and 1.66% in 2000/2001 and 2001/2002 seasons re-
spectively. Such effect my be due to the highest sugar yield components in
terms of pol %, purity, extractable sugar, extractability and root yield mean-
time the lowest in purities and sugar losses in molasses have been also re-
corded for T4, The obtained results are in harmony with those of EL-
Geddawy et al (1988), Srivatava et al (1988), EL-Ammary et al (1999) and
Beshay et al (2000). ' '

4-Effects onion yield component diameter, yield of bulb (ton/fed.) and total
soluble solids (TSS).

Data in (Table 3) show that average bulb weight, bulb yield (t/f) and TSS
were significantly affected by various intercropping patterns in both sea-
sons, however bulb diameter insignificantly affected. The highest onion
yield (ton/fed.) was achieved in pure stand while various intercropping
patterns were significantly decreased onion yield in both seasons. Data in
(Table 3) also manifested that the reduction on onion yield was depended
not only on the density of intercropped crop beet also upon the ridges width
where beet was planted. The reduction percent of onion yield as compare to
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pure stand of onion (T, 154000 plant /f) were 52.56, 46.98, 22.79 and 7.44
in the first experiments compared with the corresponding reduction present
56.02, 51.04, 27.39 and 14.11 in the second experiment for T3 (77000
plants/f, 50cm ridges width T, (77000 plant/f on 100 ¢m ridges width, T,
(115500 plant t/f, 100 c¢m ridge width) and T, 154000 plant 100 cm ridge

width, Table (3): yield, yield component and total soluble solids of onion as affected
by intercropping with sugar beet.

Kafou
Bulb Bulb Bulb Bulb Bulb Bulb
Treatments diamete  wi. yield T.5.8 diameter wt. yield T.5.5
(mm) (2) it (mm) () tf
2000/2001 season 2001/2002 season
T2 54.2 63.99 1075 1345 56,50 7173 12,05 13.25
T3 4980 56.71 5.10 13.43 52.00 63.10 530 13.02
T4 5350 67.10 5.70 1361 53450 7315 6.15 13.48
T5 56.50 65.77 8.30 13.60 5500 6945 875 13.51
T6 51.50 5923 9.95 13.25 5330 6137 1035 12.95

L.3.D g5 NS 5.02 0.4} 0.19 NS 585 028 0.17

Economic evaluation:

The effect of various intercropping pattern on beet former Net Return
(NR) per area unit and profitability per capital unit are summer in (Table 4).

Average data over the two seasons indicated that intercropping onion on
beet increased markedly former netreturn and profitability per capital input
(one LE) as compared with beet (T ) or onion (T,) in pure stand. Such effect

may be due to the extra income from intercropped onion on beet ridges.

Intercropping 2,3 and 4 rows of onion (T,, T, and T5) which represent
50% 75% and 100% of onion in pure stand (T,) on beet ridges, 100 cm
width (in these treatments beet density were equal the some of beet in pure
stand} maximized former NR which amounted 27182, 3410 and 3654 LE
respectively as compare with beet (1280 L E) or onion (196 LE) in pure
stand (Table 4).
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Table (4): Economic evaluation of intercropping patterns (Average of
2000/2001 and 200172002 seasons)
Yield

Treatments (v TR Costs Economic criteria
Beet onion Ve Tc G.R NR  Prof%

T, 33.08 - 3307.50 777.65 2027.65 252935 1279.85 63.i2

Tz - 11.40 3543.00 1637.67 3337.67 1896.33 19633 S.88

T3 3170 520 4782.00 1106.66 2356.66 367534 242534 102.91
T, 3325 593 5161.75 1130.15 2380.15 4031.60 2781.66 116.87
Ts 3305 853 5947.75 1288.04 2538.04 465971 2409.71 134.34
Ts 3200 1015 634650 1442.67 269291 4903.50 2653.59 133.67

(TR) Total return (TR) = yield x price

(GR) Gross margin (GR) = Total return - variable cost (VC)

(NR) Net return {NR) = Total return - Total cost {TC)

Prof =profitability = (NR/TCY/ 100

« Prices and costs used in this calculations urea from Agricultural Economic, Vol. 1,
Winter crops statistics, 2000.

Based on, intercropping two, three and four rows of onion on beet ridges
of 100 cm width slightly affected quality and technological characteristics of
roots and yield productivity such as root and sugar yield (T4 exhibited slight
increase in all mentioned characters while T and T, were slightly decreased
(statistically insignificant) all those characters than equivalent sole crop on
the other hand intercropping onion on the other side of beet ridges of 50 cm
width in spit of the marked increase in farmer NR (2425 LE} as compared
with beet on onion in pure stand, beet quality and yields of roots sugar were
obviously decreased (Table 4) '

The obtained results give evidence that  a rnain advantage of
intercropping system increase land productivity and farmer NR without any
deterious effect on the productivity and or the cultivated area of the main
crop (sugar beet) herein;These results could be easy recognize by only
chamse the width of beet ridges from 50 cm to 100 cm without ony effect on
beet density.

The obtained results are in line with those of Baker and Norman (1975),
Nour and Farag (1984), EL-Ammary et al (1999), Beshay et al (2000) and
Toaima et al (2001).
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Regarding various intercropping patterns on profitability per unit capital
input. Data in (Table 4) revealed that any intercropping pattern positively af-
fected profitability as compared beet on onion in pure stand. Moreover, T,
(beet + 2rows of onion) and T, (beet + 3rows of onion) exhibited the best
profitability 117 and 134 LE respectively per unit capital input (one LE)
without any adverse effect on beet productivity and quality (Table 4)

In his commotion, the increase in profitability per unit capital input give
evidence to the magnitede of growing suitable crops together in mixtures
rather than in pure stand.
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