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WO experiments were conducted at Mallawy Agric. Res. Station, Minia Governorate,

Egypt during 2014/2015 and 2015/2016 seasons to study the effect of intercropping
soybean with sugar cane under different levels of N fertilizer. A split plot design with four
replicates was used for both experiments. Main plots were devoted for N levels i.e.195, 210
and 225kg fad™! of nitrogen. The intercropping patterns of soybean as 100 % sugarcane+30%
soybean in one row, 100% sugarcane + 30% soybean in two rows, 100% sugarcane + 40 %
soybean in one row, 100 % sugarcane + 40 % soybean in two rows, pure stand of sugar cane
and soybean were distributed in sub-plots.

Nitrogen levels had significant effect on most studied characters of soybean. Increasing N
levels up to 225kg fad! increased all studied traits of yield and yield components of soybean.
The highest values of yield and yield components were produced from pure stand compared
to intercropping patterns. On the other hand, intercropping pattern of 100% sugar cane+40%
soybean in one row gave the highest seed yield. Increasing N level up to 225 kg fad! caused
significant differences on yield and its components of sugar cane as well as quality parameters
and sugar yield fad'.The highest sugar yield fad! was gained from 225kgf ad"'of nitrogen.

Intercropping patterns of soybean on sugar cane had a significant effect on studied
characters of sugar cane. 100% sugar cane+40% soybean in one row (2 plants hill") gave the
highest values. In general, pure stand of sugar cane gave the highest values of juice quality and
sugar yield fad"'.The value of Land Equivalent Ratio (LER) is greater than one, which indicates
the increasing land productivity per unit area. The highest value of LER (1.56) was obtained
by intercropping 40 % soybean in one row (2 plants hill"') on 100% sugar cane with 225kg
fad'. Aggressivity (Agg) values of sugar cane were positive dominant, while those of soybean
were negative dominated intercropping 40 % soybean on 100% sugar cane with 225 kg N fad™!.
The actual yield loss (AYL) values for sugar cane and soybean were positive at all patterns
intercropping. The highest values of total income and profit obtained from 100 % sugar cane +
40 % soybean in one row (2 plants hill'") with 225kg fad! of nitrogen.

Keywords: Intercropping, N levels, Sugar cane, Soybean.

Introduction

The cultivated area in Egypt is limited, so the
agriculture intensification becomes urgent necessity
to optimize the utilizing of unite area. Intercropping
is considered to be one of the most important tools
of agriculture intensification, it is a way to achieve
intensive utilization for both edaphic and climatic
factors. Also, mixing crops leads to reduce the risk

of failure (Sayed et al., 1983 and Abdel-Wahab &
Abd El-Rahman, 2016)

It is possibly to plant one of the legume crops
intercropped with sugar cane, this leads to an
increase in the total production, also it benefits the
soils. Thus the basic question asked here is: what is
the best systems of intercropping must be allowed
to increase the total production (Rana et al., 2006)
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Sugar cane (Saccharum officinarum L.)
is a long duration and widely spaced crop in
comparison with other field crops, it offers a
great scope for using its interspaces by growing
short duration crops. In general, sugar cane has
a juvenile period of 100-120 days, so that the
intercrops of soybean and sugar cane are widely
practiced. Sugar cane is generally planted in 80-
100cm. ridges, and soybean could be intercropped
on ridges of sugar cane at the same time (Abdul
Rehman et al., 2014).

Assey et al. (1992) studied the effect of
intercropping soybean, maize and nitrogen
fertilizer levels on yield and yield attributes
of soybean. Their results showed that soybean
planted under intercropping possessing decreased
in some characters, i.e., pod No. plant!, seed
number plant”’, seed yield plant’, seed index and
seed yield fad'.Otherwise, the N applications
significantly increased the above-mentioned traits.

The intercropping of soybean with sugar cane
exhibited that brix % and sucrose % in pure stand
exhibited a positive and significant advantage
over the various intercropping patterns, while
juice purity was not affected.Yield of sugar cane
and soybean attained a significant increase in
pure stand over the intercropping soybean raised
(L.E.R.), while, the intercropping two rows
soybean decreased sugar cane yield significantly
(El-Gergawy et al., 1995).

Abou-Kresha et al. (1997) reported that
significant differences between intercropping
systems of cane with soybean.Yields of cane
and soybean were significantly reduced under
intercropping compared with pure stand.
Brix %, sucrose % and sugar yield of the
intercropped plants were significantly lower
than that assessed of pure stand. The sugar
cane crop depletes a considerable amount of
nutrient from soil, but soybean in intercropping
pattern increases productivity per unite area
of land and enables the crops more effectively
utilize nutrients and improve soil fertility
and field ecological conditions (Tang et al.,
2005). Intercropping soybean with sugar cane
recorded higher the number of cane (87830ha
") than cane alone (85910ha’') as a result of
the seed yield of soybean (1.5 tha') and lower
cost of production in soybean intercropping
(Khandgave, 2010). The cultivation model of
sugar cane intercropping with soybean offers
opportunity for profitable utilization of available
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land, water, light and other natural resources,
and it's played an important role in development
of sugar cane crop in terms of economic benefit
per unit area (Che Jiang-Lul et al., 2011). The
population economic benefit under sugar cane /
soybean intercropping was 3.2%-26.3% higher at
lower than at higher nitrogen application level (Li
et al., 2011). Significant yield reduction in sugar
cane was noted due to intercropping comparing
to the growing sugar cane as a mono crop which
made more economic sense than intercropping
under different levels of nitrogen (Ramouthar
et al., 2013). Xiuping et al. (2013) showed that
yield of sugar cane under sugar cane/soybean
intercropping was increased by 30.57% and
decreased by 16.12% for 100-grain weight for
soybean. Abdul Rehman et al. (2014) found cane
diameter, stripped cane yield and cane growth rate
was significantly higher in sole sugar cane when
compared with different intercrop. Moreover, the
intercrops gave higher land equivalent ratio (LER)
and net return over sole sugar cane planted, while
sole sugar cane gave the maximum benefit cost
ratio compared with other intercrop. Yang et al.
(2015) showed that the stalk diameter, cane yield
and sugar production were significantly affected
by sugar cane-soybean intercropping, while the
cane quality was not change obviously compared
with mono culture of sugar cane. Also, Khippal
et al. (2016) observed that the intercropping
trials have proved conclusively that crops like
pea, chickpea and lentil can be successfully
intercropping with autumn planted sugar cane
for higher returns to the farmers with better cane
quality and improving soil health for sustainable
crop production.

The aim of the current investigation was to
study the effect of various intercropping patterns
of soybean on productivity and quality of sugar
cane under different levels of nitrogen.

Materials and Methods

Two field experiments were conducted at
Malawi Agric. Res. Station, Minia Governorate,
Egypt during 2014/2015 and 2015/2016 seasons.
The variety G.T.45-9 of sugar cane and Giza 35
of soybean were used for the present study. A
split plot design with four replicates was used for
both experiments. Main plots were occupied by
three nitrogen fertilizer, i.e. 195, 210 and 225 kg
N fad™!, while sub-plots allocated to the following
intercropping patterns: {the treatments were
shown in Fig. 1}.
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Fig .1. Intercropping soybean with sugar cane and sole culture of both crops.

Egypt.J. Agron. Vol.39, No.2 (2017)



224

A.SM. MORSY etal .

B1-100 % sugar cane + 30% soybean, 42000
plants fad™!, one row of soybean in hills spaced 20
cm at two plants hill .

B2-100% sugar cane + 30% soybean, 42000
plant fad', two rows of soybean in hills spaced
20 cm at one plant hill"' on both sides of the cane.

B3-100 % sugar cane + 40% soybean, 56000
plant fad™!, one row of soybean in hills spaced 15
cm at two plants hill .

B4-100 sugar cane + 40% soybean, 56000
plant fad"!, two rows of soybean in hills spaced
15 c¢m at one plant hill! on both sides of the cane.

Added sole or pure stand of sugar cane and
soybean (140000 plants fad' of soybean). Figure
1 illustrates the intercropping soybean with sugar
cane and sole culture of both crops. The timetable
of sowing and cutting or harvesting dates for both
crops are presenting in Table 1.

TABLE 1. Sowing and harvesting dates of sugar cane and soybean crops during 2014/2015 and 2015/2016 seasons.

Crop Sowing date Harvesting or cutting date
2014/2015 season

Sugar cane 1/3/2014 28/2/2015

Soybean 2/4/2014 10/7/2014
2015/2016 season

Sugar cane 5/3/2015 4/3/2016

Soybean 5/4/2015 13/7/2015

Sugar cane

The physical and chemical analysis of the
experimental site (according to Klute 1986) Table 2.

The plot area was 25 m?, consisted of five
ridges, five meters length and one meter width.
Phosphorus was added during soil preparation
at rate of 150 kg fad'calcium super phosphate
(15.5% P,0,), while potassium was applied at
rate of 48 kg K O fad at the first irrigation
of sugar cane. Nitrogen fertilizer was applied
as ammonium nitrate (33.5%N) in three equal
doses just on sugar cane, second on sugar cane
and soybean and third on sugar cane after
harvest soybean. All the required agricultural
practices were done as followed by sugar cane
and soybean growers in the region.

The recorded data

Soybean

At harvesting time after 99 days from
sowing, 20 guarded plants of soybean were
taken randomly from each sub-plot to estimate:
plant height (cm.), No. of branches plant', No.
of pods plant!, pod length (cm), No. of seeds
pod!, 100-seed weight (gm), seed yield plant’!
(gm) and seed yield kg fad™"
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At cuttingdate after 12 month from sowing,
20 guarded stalks of sugar cane were taken
from each sub-plots to determine the stalk
height (cm.)(it was measured from soil surface
to the top dewlap), stalk diameter (cm), No. of
internodes stalk!, stalk weight (kg), cane yield
(ton fad™), total soluble solids (TSS %), which
was determined using "Brix hydrometer"
as shown by A.O.A.C. (2005), sucrose %
which was estimated according to A.O.A.C.
(2005), juice puritywas determined according
to Satisha et al. (1996) using the following
equation: purity % =sucrose % X 100/TSS %,
pol % of cane juice, was calculated by using
the following equation : pol % = [ Brix % -
(Brix % - sucrose %) 0.4] 0.73, reducing sugar
of cane juice according to A.O.A.C. (2005),
sugar recovery % was calculated by using the
following equation according to the procedures
used by the sugar and Integrated Industry
Company as sugar recovery % = [pol % - 0.8/
purity % x purity % - 40/100-60)100, and sugar
yield (ton fad') according to the following
equation: sugar yield (ton fad')= cane yield
fad'xsugar recovery % according to Mathur
(1981).
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TABLE 2. Chemical properties of Mallwai site in 2014/2015 and 2015/2016 seasons before planting the experiment.

Analysis

1** Season 2" Season
Texture analysis
Sand % 8.30 7.75
Silt % 53.40 53.70
Clay % 38.30 38.55
Soil texture Silty clay loam Silty clay loam
Organic matter % 1.14 1.16
pH soil-water suspension ratio (1 :2.5) 8.25 8.15

Soluble cations ( meq/L )

Ca™ (meq/L)
Mg™ (meq/L)
Na*™* (meq/L)

K* (meq/L)

7.25 7.45
2.32 2.15
3.30 3.22
0.18 0.20

Soluble cations ( meq/L )

Co (meq/L)
HCO (meg/L)
CL (meq/L)

So, (meqg/L)
Available N (ppm)

Available P (ppm)

Available K (ppm)

3.30 3.45
4.25 4.15
5.40 5.42
18.15 18.25
7.76 7.58
155 156

Competitive relationship and yield advantage

The following parameters were caculated:

Land Equivalent Ratio (LER): was calculated
according to Willey (1979) by the following

formula: ya b y ba

LER vaa ybb
where: yaa=pure stand yield of a (sugar cane)
ybb=pure stand yield of b(soybean).
yab=yield of intercrop a (sugar cane) with b
(soybean).
yba=yield of intercrop b (soybean with a sugar
cane).

Aggressivity (Agg): This was proposed by Mc-
Gilchrist (1965) and was calculated according to
by the following formula:

b jib  yha pho - yab
Agh=———-—— M= —— -——

yoo xz0b ybhazba " ybh xzba yoavzeh
where: zab=the sown proportion of intercrop a
(sugar cane) in combination with b (soybean) and
zba=the sown proportion of intercrop b (soybean)
in combination with (sugar cane).

Actual yield loss (AYL): 1t was calculated
according to Banik (1996) by the following
formula: AYL=AYLa + AYLb

Egypt.J. Agron. Vol.39, No.2 (2017)
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vab/zab

vba/zbha
vaa/zaa

— 1
vbb/zbb ;
where: AYLa and AYLDb represent the partial yield

loss of a (sugar cane) and b (soybean) intercrops,
respectively.

AYL={

yab=yield of intercrop a (sugar cane) with b
(soybean), yba=yield of intercrop b soybean with
a (sugar cane).

Area Time Equivalent Ratio (ATER): it
provides more realistic comparison of the yield of
intercropping over mono-cropping in terms of time
taken by component crops in the intercropping
systems according to Hiebsch (1978). ATER was
calculated by formula:

ATER= (LER xDc+LER

ybe:

X Dc)/Dt.

sugar cane

where, LER is land equivalent ratio of crop, Dc is
duration (days) taken by crop. Dt is days taken by
whole intercropping system from planting to harvest.

Farmer's benefit: 1t was calculated by
determining the total costs and net return of
intercropping culture as compared to recommended
solid planting of sugar as follows:

1-Total return :

-Total return of intercropping cultures = Price
sugar cane x yield + Price soybean x yield
(L.E).

-Total return of sugar cane= Price sugar cane
xyield (L.E).

-Total return of soybean= Price soybean x yield
(L.E).

To calculate the total return, the average of
sugar cane 360 L.E ton fad', soybean 4210 L.E
ton! prices presented by Agriculture Statistics
(2014, 2015 and 2016) seasons were used.

- Net return per fad = Total return — (fixed costs
of sugar cane + variable costs of soybean
according to intercropping pattern).

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

Al Value of combined intercrops (L.E) x (LER — 1)
LER

Statistical analysis
The proper statistical analysis of data was
done according to Gomez & Gomez (1984). The
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differences between means of the studied treatments
were compared using least significant difference
(LSD) at 5% level.

Result and Discussion

Soybean

Data in Table 3 indicated that nitrogen fertilizer
levels had significant effect on plant height, No. of
pods plant!, 100-seed weight, seed yield plant! and
seed yield kg fad' in both seasons and combined
analysis as well as No. of branches plant’! in the
second season and combined analysis and No.
of seeds pod! in the first season and pod length in
combined analysis. Increasing nitrogen level up to
225kgN fad! significantly increased all studied traits
in both seasons and combined.

Concerning the values of studied traits in
comparison with the values of sole or purestand of
soybean, it is clear that the values of sole soybean
were higher than soybean plants fertilized by nitrogen
levels for most studied characters. Comparing to
sole soybean, seed yield fad' increased by 817.07,
787.18 and 775.48 kg fad' due to adding 195, 210
and 225kgN fad™!, respectively over the two seasons.
These results are probably due to the increase in yield
components, i.e. No. of branches plant’, No. of pods
plant?, No. of seeds pod™!, 100-seed weight and seed
yield plant!, which showed that increase nitrogen
level resulted better growth of soybean plants.

Table 4 showed that yield and yield components of
soybean were significantly affected by its companion
with sugar cane, the effect was significant on all
studied traits in both seasons and combined analysis,
except pod length in both seasons and combined and
No. of seeds pod™! in the second season. The highest
values of yield and yield components were produced
from pure stand for most studied characters. The
heaviest seed yield fad' attained from pure stand
(1227,1166 and 1197 kg fad™") in first, second seasons
and combined analysis, respectively compared with
either one of intercropping patterns.

On the other hand intercropping pattern of 100%
sugar canes +40% soybean, one row gave the highest
seed yield compared to the other intercropping
patterns. The interpretation for reduction in yield and
its components of soybean as compared with grown
in pure stand is mainly attributed to the effect of
shading sugar cane and its competition for growing
needs, which in turn had determined effect of plants
in intercropped crop. These results are in good
agreement with El-Gergawy et al. (1995), Abou-
Kresha et al. (1997) and Luo et al. (2016).
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TABLE 3. Effect of nitrogen levels on yield and yield components of soybean in 2014/2015, 2015/2016 seasons
and combined analysis.

100- Seed
MO g braches pods  Limgn seody 060 i, Seed il
(cm.) plant plant (cm) pod (gm) (gm)
2014/2015 season
195kg N fad! 85.08 2.53 34.25 4.65 2.39 15.81 7.35 403.84
210kg N fad™! 97.00 2.59 44.67 4.77 2.54 16.29 7.97 433.73
225kg N fad! 99.13 2.65 42.25 4.79 2.67 17.73 9.54 430.37
LSDat5% 3.58 N.S 7.73 N.S 0.17 0.39 0.17 17.30
Sole soybean 101 3.10 99.80 4.80 2.60 17.50 10.62 1227
2015/2016 season
195 kg N fad!  99.83 1.92 23.73 4.02 2.55 14.27 5.70 356.03
210 kg N fad'  111.42 2.41 28.42 4.15 2.63 15.15 6.81 385.90
225 kg N fad'  114.25 2.53 35.17 4.46 2.85 15.96 8.82 412.68
LSDat5% 3.69 0.23 2.03 N.S N.S 0.08 0.18 6.02
Sole soybean 98.67 2.54 89.30 4.50 2.13 12.27 8.00 1166
Combined
195 kg N fad!  92.46 2.23 28.99 4.33 2.47 15.04 6.53 379.93
210 kg N fad'  104.21 2.50 36.54 4.46 2.58 15.72 7.39 409.82
225 kg N fad!  106.69 2.59 38.71 4.62 2.56 16.84 9.18 421.52
LSDat5% 2.13 0.11 3.32 0.19 N.S 0.36 0.10 7.60
Sole soybean 99.84 2.82 94.55 4.65 2.63 17.17 9.31 1197

The interaction effect was significant on
plant height, No. of branches, and 100-seed
weight in the second season and over the two
seasons (combined), as well as seed yield
plant! and seed yield fad! in both seasons and
combined analysis and No. of pods plant! in
the second season (Table 5).

Generally it is clear that increasing nitrogen
level up to 225kg fad' with intercropping
pattern of 100% sugar cane+40% soybean in
one row or two rows gave the highest values of
seed weight plant! and per fad.

Sugar cane

Data in Table 6 indicated that increasing
N- level up to 225kgN fad™' caused significant
differences on stalk high , stalk diameter and
cane yield fad! in both seasons and over the
two seasons (combined), as well as the effect
was insignificant on stalk weight over the two
seasons(combined). On the other hand the
effect was insignificant on No. of internodes
stalk! in both seasons and combined analysis,
as well as, stalk weight in both seasons.

Increasing N- level up to 225kgN fad
recorded the highest values of stalk height,
stalk weight and cane yield. Such results have
been expected and maybe attributed to the role
of nitrogen in building up the photosynthetic
area of sugar cane plants and consequently gave
the highest values of yield and its components.
Similar results obtained by Ramouthar et al.
(2013).

1

Concerning the effect of N fertilizer levels
on sugar yield of sugar cane (Table 6), it is clear
that no significant effect on second season, as
well as significant effect on first season and over
the two seasons (combined). The data in Table
6 showed clearly the significant responses of
sugar yield (ton fad"') to the different nitrogen
levels added and that more higher sugar yield
was gained associated with higher nitrogen
levels up to 225kg fad!'. These results ensure
the vital importance of nitrogen fertilization
with sufficient level to obtain economical high
sugar yield.

Egypt.J. Agron. Vol.39, No.2 (2017)
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TABLE 4. Effect of intercropping patterns of soybean on yield and yield components of soybean in
2014/2015,2015/2016 and combined analysis.

Plant  No.of No.of Pod No, of :gfd Sii‘ig Seed
Intercropping patterns height branches pods length seeds . y o yield (kg
(cm) plant’  plant’ (cm) pod’ weight  plant fad?)
(gm) (gm)
2014/2015 season
0 0
100% sugar canet 30% soybean g0 5 o sp78 484 256 1748 861 38421
one row
0, 0,
100% sugar canet 30% soybean 5 ) 47 3120 465 230 1658 729 40923
two rows
0, 0,
100% sugar canct 40% soybean o 0 o0 400 474 276 1712 948 483.10
one row
0 0
100% sugar canet 40% soybean g0 70 51 3356 471 252 1525 776 41404
two rows
L.S.Dat5% 3.38 0.14 925 NS 013 08 028 15.33
Sole soybean 101 310 9980 480 260 1750 1062 1227
2015/2016 season
0 0
100% sugar canet 30% soybean ) 33 qe 3032 429 276 1614 840 34901
one row
0, 0,
100% sugar canet 30% soybean ¢ 00 035 468 409 255 1436 622 321.07
two rows
0, 0,
100% sugar canet 40% soybean 0 0 5 3591 419 280 1547 764 45454
one row
0 0
100% sugar canet 40% soybean 00 00 009 2850 407 259 1454 617  414.87
two rows
L.SDat5% 3.33 0.25 121 NS NS 061 034 8.07
Sole soybean 9867 254 8930 450 213 1227  8.00 1166
Combined
0 0
100% sugar canet 30%soybean 00 00 040 4155 457 266 1681 851 366.61
one row
0 0,
rloogs/"s“ga“’anw()/"s"ybean“”" 10072 241 2795 442 243 1547 676  365.15
0 0
100% sugar canet 40% soybean ) 12 9 s 3gu6 446 278 1630 856 468.82
one row
0 0
100% sugar canet 40%soybean g0 1) a0 3103 444 257 1490 696 41446
two rows
L.SDat5% 229 0.14 451 NS 012 050 021 8.37
Sole soybean 99.84 282 9455 465 263 1717 931 1197
The results in Table 7 showed that gave the highest values of stalk high and cane

intercropping patterns of soybean on sugar cane
had a significant effect on stalk height, stalk weight
and can yield fad' in both seasons and over the
two seasons and stalk diameter in the 2™ season.
Otherwise, insignificant effect was recorded on
No. of internodes stalk™! in both seasons and over
the two seasons and sugar yield in the 1* season.

It could be observed that intercropping pattern
of 100% sugar cane+40% soybean in one row

Egypt.J.Agron. Vol.39, No.2 (2017)

yield fad.

It is worth mentioning that the increase in
stalk height compared with pure stand of sugar
cane may be due to the competition between
soybean and sugar cane plants and fixed
nitrogen by soybean in the case of intercropping
which in turn increased stalk height (Teshome
etal., 2015).
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TABLE 5. Effect of interaction between nitrogen levels and intercropping patterns of soybean on some traits of
soybean in 2014/2015, 2015/2016 and combined analysis.

= v - =~ - - o
Treatment: o = » = o F =
reatments g E E % 'sg E E E E %‘ g‘l E E
B 2 E EL =2-=_. & = s & » =B _ ¥
= £ - 20 = 5 2 E = E = = = S g = E =
S 5 = < =2 S S & T & = =3 = s 50 =
== 2 T s® =T 2T E g ¥ E 3 =7 B
i g O = 2 2 2 3 =z
levels Intercropping - 3 E A “ = s 5:.3 z g s = % 5;.3
patterns (B) A < =
(A)
1% season 2" season Combined analysis
Bl 7.87 36400 11000 203 1492 613 340.87 2397 99.67 232 1590 7.00 35243
11<95N B2 6.80 36840  99.67 1.59 1373 533 32547 2204 91.17 201 1508  6.07  346.93
ffd" B3 796 46403  97.33 245 1492 613 393.63 2540 93.00 257 1541 7.05 42883
B4 6.78 41893  92.33 1.60 1350 520 36417 2350 86.00 2.00 1376 599 39155
Bl 878 39400 116.67 203 1545 887 32400 2833 108.00 237 1643 882  358.00
EION B2 6.63 42433 11000 280  13.62 540 30357 23.00 103.83 2.63 1466  6.02  363.95
ffd‘l B3 886  493.67 11333 250 1622 733 47783 3533 10483 2.60 1652 810 48575
B4 7.60 42293 105.67 230 1530  5.63 43820 27.00 100.17 240 1527  6.62  430.57
Bl 9.19 39463 11033 247 1804 1020 382.17 38.67 10567 252 1810 9.69 38840
22
) 5N B2 845 43497 11433 267 1573 793 33417 29.00 107.17 2.58 16.68  8.19  384.57
fagd'l B3 11.62  491.60 11233 262 1526 947 49217 38.00 10567 2.76 1695 10.55  491.88
B4 891 40027 112.00 238 1481  7.67 44223 3500 10825 251 15.65 829 42125
LSDat5% (AxB) 048 2655 5.71 0.43 1.06 059 1397 211 397 236 086 037 14.49
B1: 100 % sugar cane + 30 % soybean one row. B2: 100%sugar cane + 30 % soybean two rows.
B3: 100 % sugar cane + 40 % soybean one row. B4: 100 % sugar cane + 40 % soybean two rows.

TABLE 6. Effect of nitrogen levels on yield and yield components of sugarcane in 2014/2015, 2015/2016 seasons
and combined analysis.

Nitrogen levels llset:‘glll:t dii:zlel:er intlz:‘)l.l::ses .Stalk Cane yie_!d Sugar yiild
(cm) (cm) stalk” weight (kg) (ton fad™) (ton fad™)
2014/2015 season
195 kg N fad! 195.42 2.54 16.35 1.15 44.28 5.41
210 kg N fad™! 204.17 2.51 15.61 1.20 46.81 5.89
225 kg N fad’! 214.75 2.36 16.33 1.28 48.83 6.04
LSDat5% 5.33 0.11 N.S N.S 0.89 0.33
Sole sugar cane 180.7 2.33 14.9 1.06 45.99 5.69
2015/2016 season
195 kg N fad"! 190.42 2.49 16.17 1.20 45.22 5.63
210 kg N fad™! 199.33 2.50 15.93 1.23 48.43 6.08
225 kg N fad! 218.50 2.34 16.31 1.30 51.33 6.41
LSDat5% 4.03 0.07 N.S N.S 1.60 N.S
Sole sugar cane 190.7 2.57 16.03 1.16 47.13 6.69
Combined
195 kg N fad! 192.92 2.52 16.26 1.18 44.75 5.52
210 kg N fad™! 201.75 2.50 15.77 1.21 47.62 5.99
225 kg N fad! 216.63 2.35 16.32 1.29 50.08 6.23
L.SDat5% 3.43 0.06 N.S 0.07 0.67 0.25
Sole sugar cane 185.7 245 15.46 1.11 46.56 6.19
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TABLE 7. Effect of intercropping patterns of soybean with sugarcane on yield and yield component of sugarcane
in 2014/2015, 2015/2016 and combined analysis.

Intercropping patterns hset:lgl: ¢ dii:::::]t(er No. of inte_rlnodes Stalk weight ~ Cane yiﬂd Sugar yie_elld
(cm) (cm) stalk (kg) (ton fad™)  (ton fad™)
2014/2015 Season
100% sugar cane+ 30% soybean one row 199.22 249 16.00 115 45.66 572
100% sugar cane+ 30% soybean two rows 200.00 2.50 15.98 1.17 43.73 5.35
100% sugar cane+ 40% soybean one row 21122 243 16.28 1.29 49.42 6.17
100% sugar cane+ 40% soybean two rows 208.67 2.46 16.13 1.24 47.76 5.88
LSDat5% 6.52 N.S N.S 0.07 1.45 N.S
Sole sugar cane 180.7 233 14.9 1.06 45.99 5.69
2015/2016 Season
100% sugar cane+ 30% soybean one row 20222 244 16.11 1.20 47.14 6.00
100% sugar cane+ 30% soybean two rows 198.67 234 15.82 1.24 45.78 5.53
100% sugar cane+ 40% soybean one row 206.44 251 16.48 1.25 50.89 6.48
100% sugar cane+ 40% soybean two rows 203.67 2.48 16.13 1.27 49.49 6.16
LSDat5% 531 0.09 N.S 0.03 1.33 0.35
Sole sugar cane 190.7 257 16.03 1.16 47.13 6.69
Combined
100% sugar cane+ 30% soybean one row 200.72 247 16.06 1.17 46.40 5.86
100% sugar cane+ 30% soybean two rows 199.33 242 15.90 1.20 44.76 5.44
100% sugar cane+ 40% soybean one row 208.83 247 16.38 127 50.16 6.33
100% sugar cane+ 40% soybean two rows 206.17 247 16.13 1.26 48.62 6.02
LSDat5% 4.06 N.S N.S 0.04 0.95 0.31
Sole sugar cane 185.7 245 15.46 111 46.56 6.19

The highest values of stalk weight and
cane yield were obtained when applying
intercropping pattern of 100% sugar cane +40%
soybean in one row, than those of intercropping
pattern of 100% sugar cane +30% soybean.

In general, resulting the great cane yield
fad! from intercropping pattern of 100 % sugar
cane with 40 % soybean compared with pure
stand of soybean. This result may be due to
soybean in intercropping increase productivity
per unit area of land and enables the crop
more effectively utilize nutrients and improve
soil fertility and field ecological conditions.
Similar results recorded by Tang et al. (2005)
and Khandgave (2010).

The interaction between N levels and
intercropping patterns (Table 8) was significant
with respect to stalk weight and cane yield
fad! in the second season and over the two
seasons (combined). The highest value of stalk

Egypt.J.Agron. Vol.39, No.2 (2017)

weight obtained from 100 % sugar cane + 40%
soybean in two rows with 225kgN fad'.Also,
the greatest cane yield fad' produced from
100% sugar cane + 40 soybean, one row with
225kgN fad! in the second season and over the
two seasons(combined). These finding may be
attributed to the role of nitrogen fertilizer in
sugar cane growth and intercropping with 40%
soybean improved the soil inorganic nitrogen
compared with sole plantation of sugar cane.
Xiuping et al. (2013) obtained similar results.

Concerning the effect of nitrogen fertilizer
levels on quality parameters (Table 9), it is
clear that no significant effect on all quality
parameters in both seasons except purity % in
second season and TSS % and purity %in over
the two seasons (combined analysis) which has
significant effect.

Data in Tables 7 and10 showed the effect
of intercropping soybean on juice quality and
yield of sugar yield fad'and could be cleared
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TABLE 8. Effect of interaction between nitrogen levels and intercropping patterns of soybean on stalk weight
and cane yield fad in the second season and combined analysis.

“?etlaglll: ¢ Cane yield Stalk weight Cane yield
Treatment (kg) (ton fad™) (kg) (ton fad™)
2" season Combined

30% soybean one row 1.12 44.68 1.07 44.77
195 30% soybean two rows 1.19 43.68 1.16 43.03
kg N fad! 40% soybean one row 1.24 46.68 1.25 46.27
40% soybean two rows 1.24 45.87 1.22 45.23
30% soybean one row 1.23 46.83 1.19 46.10
210 30% soybean two rows 1.20 44.10 1.16 43.78
kg N fad" 40% soybean one row 1.25 52.23 1.27 51.32
40% soybean two rows 1.23 50.53 1.23 49.27
30% soybean one row 1.25 49.93 1.25 48.63
225 30% soybean two rows 1.32 49.57 1.30 47.45
kg N fad! 40% soybean one row 1.26 53.77 1.28 52.88
40% soybean two rows 1.35 52.97 1.33 51.37
L.S.D.at5% (AxB) 0.06 231 0.06 1.65

that differences between intercropping patterns
were not enough to attain significant effect on
juice quality, while the effect was significant on
sugar yield fad! in the second season and over
the two seasons (combined).

In general, pure stand of sugar cane
gave the highest values of sugar yield fad
' and juice quality parameters. This finding
indicate that under the high canopy conditions
(intercropping), sugar cane plants failed to attain
the highest profit from the available ecosystem
such as light, nutrients, water, etc.. compared
with plants grown in pure stand, which partially
profited from the environments. These results are
in agreement with EL-Gergawy et al. (1995) and
Teshome et al. (2015).

Competitive relationships and yield advantage

Results of competitive relationships and yield
advantage for intercropping soybean with sugar
cane under nitrogen levels and four patterns
combined are presented in Table 11. Data
showed that intercropping soybean with sugar
cane resulted in an advantage in land equivalent
ratio (LER).

The value of LER is greater than one, which
indicatedthat increasing the land productivity
per unit area. The highest value of LER (1.56)
obtained by intercropping 100% sugar cane
+ 40 % soybean in one row with 225 kgN fad-
!, while the lowest one (1.21) recorded from

intercropping 100% sugar cane +30 % soybean
in two rows with 195kgN fad'. Also, ATER
values cleared that the highest value obtained
from 100 % sugar cane with 40 % soybean in
one row, while the lowest one recorded from
100% sugar cane with 30% soybean in two rows
with 195 kg N fad'.Aggressivity (Agg) values
of sugar cane were positive (dominant), while
those of soybean were negative (dominated)by
intercropping 100% sugar cane + 40 % soybean
in two rows.The best value of aggressivity was
recorded from intercropping 100% sugar cane
with 30 % soybean in one row with 210kgN fad"',
while the lowest value obtained by intercropping
40 % soybean in two rows with 225kgN fad'.

Belong to actual yield loss (AYL) values
for sugar cane and soybean were positive at all
intercropping patterns.The highest value (1.02)
of total AYL was obtained from intercropping
40 % soybean in one row with 225kgN fad
'., while the lowest one (0.46) was recorded
from intercropping 30 % soybean in two rows.
These results means that the intercropping
soybean on sugar cane increased values of yield,
yield components and quality parameters in
intercropping patterns than sowing the same crop
in pure stand.The results of Tahir et al. (2003),
Khan & Khaliq (2004), Dhima et al.(2007),
Teshome et al. (2015), Khippal (2016)and Luo et
al. (2016) supported the current finding.
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TABLEY. Effect of nitrogen levels on quality parameters of sugarcane in 2014/2015, 2015/2016 and combined

analysis.
Nitrogen levels TSS%  Sucrose % Purity % Pty o Sugar
sugar % recovery%
2014/2015 season
195 Kg N fad! 20.71 17.71 83.61 14.45 0.40 12.09
210 Kg N fad"! 20.96 18.35 84.29 14.90 0.39 12.38
225 Kg N fad"! 2142 17.92 83.69 14.60 0.40 12.07
LSDat5% NS NS NS NS NS NS
Sole sugar cane 21.30 18.17 84.97 14.65 037 1222
2015/2016 season
195KgN fad! 21.24 18.22 83.07 1451 041 1245
210 Kg N fad"! 2143 18.90 84.58 15.00 041 12.57
225 Kg N fad"! 21.80 18.48 83.87 14.65 041 1247
LSDat5% NS NS 043 NS NS NS
Sole sugar cane 2240 19.32 84.50 15.32 0.40 13.10
Combined
195 Kg N fad! 2098 1797 83.70 14.48 041 1227
210 Kg N fad! 21.19 18.63 84.43 14.95 0.40 12.48
225 Kg N fad! 21.61 18.20 83.78 14.63 041 12.27
LSDat5% 0.26 NS 0.27 NS NS NS
Sole sugar cane 21.85 18.75 84.74 14.64 0.39 12.25

TABLE 10. Effect intercropping patterns of soybean on quality parameters of sugar cane in 2014/2015, 2015/2016
and combined analysis.

. Reducin
Intercropping patterns TSS% Su?);ose Plt;:ty Pozl sugars i recSol:fge?‘;%
2014/2015 season
100% sugar cane+ 30% soybean one row  21.06 18.32 84.26 14.87 0.39 12.40
100% sugar cane+ 30% soybean two rows ~ 20.94 17.71 83.83 1443 0.39 11.95
100% sugar cane+ 40% soybean one row  21.39 18.16 83.89 14.78 0.40 12.32
100% sugar cane+ 40% soybean two rows ~ 20.72 17.79 83.48 14.52 0.40 12.09
L.S.D at 5% N.S N.S N.S N.S N.S N.S
Sole sugar cane 21.30 18.17 84.97 14.65 0.37 12.22
2015/2016 season
100% sugar cane+ 30% soybean one row  21.73 18.87 84.51 15.09 0.40 12.74
100% sugar cane+ 30% soybean two rows ~ 21.32 18.47 83.94 14.69 0.41 12.09
100% sugar cane+ 40% soybean one row  21.58 18.36 84.16 14.52 0.42 12.72
100% sugar cane+ 40% soybean two rows ~ 21.32 18.44 83.69 14.57 0.41 12.43
L.SDat5% N.S N.S N.S N.S N.S N.S
Sole sugar cane 22.40 19.32 84.50 15.32 0.40 13.10
Combined

100% sugar cane+ 30% soybean one row  21.39 18.60 84.38 14.98 0.39 12.55
100% sugar cane+ 30% soybean two rows ~ 21.13 18.09 83.89 14.56 0.40 12.02
100% sugar cane+ 40% soybean one row  21.48 18.26 84.02  14.65 0.41 12.52
100% sugar cane+ 40% soybean two rows ~ 21.02 18.12 83.58 14.55 0.40 12.26
L.SDat5% N.S N.S N.S N.S N.S N.S
Sole sugar cane 21.85 18.75 84.74 16.64 0.39 12.25
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TABLE11. Calculated data of competitive relationships and yield advantage for intercropping patterns of soybean

with sugar cane (combined of seasons).

Aggressivity (A
Intercropping LER = 88 ¥ (&) AYL=
+
Nitrogen Sugzll}lz:}ne S(I;)lfi)l:an ATER S A S (‘;) AYLSugarcane +
levels (A) ugarcane Soybean AYLSoybean
Bl 0.96 +0.29=1.25 1.04 -0.03 +0.03  025+0.28=053
(1’;‘9 B2 092+029=121  1.00 -0.06 1006 020+ 0.26=046
N kg fad™!
B3 0.99 +0.36 =135 1.09 +0.16 -0.16  0.40+0.24=0.64
B4 0.97 +0.33=1.30 1.06 +0.24 -024  037+0.13=0.50
Bl 0.99 +0.30=1.29 1.07 -0.01 +0.01  029+0.30=0.59
é‘?a) B2  094+030=1.24 1.02 -0.10 +0.10  022+0.32=0.54
N kg fad™!
B3 1.10 +0.41 =1.51 1.21 +0.15 -0.15  0.55+0.40=0.95
B4 1.06 +0.36 =1.42 1.16 +0.25 -025  049+0.24=0.73
Bl 1.05+032=1.37 1.14 -0.05 +0.05 036+041=0.77
(A) B2 1.02 +0.32 =134 1.11 -0.08 +0.08  032+0.40=0.72
3
225
N kg fad" B3 1.14+0.42=1.56 1.25 +0.18 -0.18  0.60+0.42=1.02
B4 1.10 +0.35=1.45 1.19 +0.34 -034  0.55+0.21=0.76

B1=100 % sugar cane + 30 % soybean one rows.

B3 =100 % sugar cane + 40 % soybean one rows.

Economic analysis

It is clear from the results in Table 12 that the
intercropping patterns of soybean on sugar cane led
to increase total income and its total return or profit
L.E fad'and Monetary advantage index (MALI). Data
showed that the highest values of total income and
total return (21108 and 10746 L.E fad™"), respectively
obtained from 100% sugar cane+40% soybean in
one row with 225kgN fad'(A3xB3), the same trend
was true in Monetary advantage index (MAI) was
7577.23. Total return of intercropping sugar cane

B2=100%sugar cane + 30 % soybean two row.

B4=100 % sugar cane + 40 % soybean two row.

with soybean was varied between treatments from
8031 to 10746 L.E fad'compared with sole sugar
cane (7961.60 L.E fad').(Nazir et al., 2002 and
Khippal,2016) supported our results.

Finally, it could be intercropping 100% sugar
cane with 40% soybean, one row (2 plant hill') of
soybean in hills spaced 15 cm under 225 kg N fed! is
appropriate and best under Middle Egypt conditions.

Egypt.J. Agron. Vol.39, No.2 (2017)
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