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Abstract

Yield, yield components, juice quality as well as competitive rela-
tionships and economic evaluation of sugar-cane in response to inter-
cropping with sorghum and soybean under different row spacings were
investigated during 1995/1996 and 1996/97 seasons.

Intercropping soybean or sorghum with spring sugar-cane reason-
ably improved number of internodes/stalk, stalk weight, Brix%, sucrose
%, fiber % and land equivalent ratio (L.E.R), while reduced number of
millable cane, cane yield, top yield, purity%, sugar yield and monetary re-
turns. Sugar recovery did not alter with intercropping compared with
pure stand of sugar-cane. Agressivity value of sugar-cane was positive
for soybean and for sorghum was negative under intercropping systems.

Increasing row spacings of sugar-cane was followed by an in-
crease in stalk weight and a reduction in the number of millable cane,
cane yield, top yield, sugar yield, monetary returns. The other studied
characters did not change.

It is clear that intercropping sorghum with sugar-cane was more
profitable than soybean in respect to the monetary returns.

INTRODUCTION

Because of the rapid increase of the population under condition of the limited
cultivated area and water resources, self satisfaction with agricultural food prod-
ucts has been always considered a problem. Sugar is considered one of the cheapest
sources of energy for the Egyptians. In spite of the continuous increase in sugar pro-
duction and manufacture which succeeded to raise Egypt self satisfaction from sugar
to 75%, the gap of sugar is still high (650000 tons).

Increasing the productivity per the unit area under sugar cane vertically be-
comes the only choice to attain the self-satisfaction from sugar. Also, the suitable
agriculture intensification of some field crops with sugarcane will be a good choice
to face the shortage in food materials.
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It is well kino4wq ,that at ﬁrst part. of growth qycle (formatlve phase), sugar-
cane does not utilize avallable growth resources fully. From germination to canopy
closure, neither space,: Ilght nor, wate[ IS f"ﬁ"’( ytlllzed Therefore, growing addi-
tional crop in the m’cer—rovivs of sugar-cane durmg thls penod is a means of achiev-
ing better resouce use and |nten5|fy|ng time and space dimensions. However, the
choice of the intercrop is questlon of Fndmg crops that complete each other rather
than compete with each other. Sorghum and soybean are charactenzed W|th their
fast growth and maturity which mean that they are harvested before the boom stage
of sugar-cane during which cane stalks grow up quickly and their elongation rate is
in its maximum.. .

Previous .work show, that varying row spacings of sugarcane substantially in-
fluenced-both yield and its components. (Gascho and Shih, 1981; Dominf and Plana,
1989; Usman, 1989; Pat_'ei et al,, 1990 and El-Gergawy et al., 1995).

The idea for intercropping sugarcane especially with legumes ascertained
many agronomists. Their studies focpsed on the relation between intercropping and
the yield and ifs components of the main crop..(Abd El-Gawad et al., 1985; Sathya-
veln et al.,, 1991; Kanwar et-al.,, 1992} El-Gergawy et al., 1995; Harlapur et al.,
1995 and Singh and Chaudl"lary, 1996.

Sugarcane yield and its components in relation to the intercropping and row
spacing was studied by many authors (Ahmed et al., 1990; Jayabal et al., 1990;
Jayabal et al., 1991; Kumar and Srivastava 1994 and El-Gergawy et al., 1995).
Abd El-Gawad et al. (1985) revealed that (LER) of single sugar-beet was greater
than on by intercropping sugartane with sugar beet at different densities. They add-
ed increasing sugarcane with sugar L beet. at different densities. They added increas-
ing plant density of the |ntercrop Govmden ‘and Arnaon (1990), Kanwar et al.
(1992), Govinden and Ramasamy (1995) and Singh and Chaudhary (1996) reported
that intercropping sugar cane with- maize caused reduction in cane and sugar yield.
El-Gergawy, et al. (1995) showed that yield of cane or soybean attained a significant
increase in. pure stand. over those under the intercropping treatment. They obtained
more profitable from intercropping soybean with cane. They added that sugarcane
with soybean intercropping raised (L.E.R.) Gascho and Shih (1981) and Prasad et al.
(1983) explained that narrow row spacing could result in higher yields. Jayabal et
al. (1991) found that ‘the highest sugar yield was obtained by planting three row of
soybean between cane rows.
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Thus, this work designed to study the effect of sugar-cane row spacing and
intercropping of some summer crops on yield and yield components, juice quality as
well as competitive competition and economic values under Souhag Governorate con-

ditions.

MATERIALS AND METHODS

Two field experiments were conducted at Shandaweel Reearch Station (Souhag
governorate) in two succesive seasons of 1995/96 & 1996/97 to study the rela-
tive advantage of intercropping soybean and sorghum with spring ugar-cane in re-
spect to yield and quality of sugarcane.

Each trial included nine treatments which were the combination between three
row spacings and three intercropping patterns of soybean and sorghum plants with
sugar-cane as shown in Table (1) and the illustrated diagram.

Table 1. Intercropping systems of soybean and sorghum with the Spring planted sug-

ar-cane.
Row spacing Intercropping
(cm) 1 11 BRI
100 Cane alone Cane + one row Cane + one row
of soybean of sorghum
120 Cane alone Cune + two rows &Cunc + two rows
of soybean of sorghum
140 Cane alone Cane + three rows | Cane -+ three rows
of soybean of sorghum

In addition to the above mentioned intercropping treatments, both soybean and
sorghum were singly sown in four replications as a check treatment to follow up
their perf:ormance under intercropping with their growing in pure stand. All the ag-
ronomic processes for both crops were done as usual in pure stand. All the agronom-
ic processes for both crops were done as usual in pure stand condition.

Because of the studied factors are in the same level of importance and to at-
tain a random distribution for the studied treatments, a complete randomized com-
plete block design was used. It is worth mentioning that row spacing of sugar-cane
were manually prepared. The experimental unit area was 42m2, 6m in length and
7m-width, Sugar-cane was planted during the first week of April in both growing
seasons.
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The companion crops i.e., soybean and sorghum (in pure stand and/or inter-
cropping with sugar-cane) were sown after 15 and 30 days after planting sugar-
cane, respectively. Moreover the rows of the companion crops i.e., soybean and
sorghum were allocated between sugarcane row spacing. A commercial sugar-cane
variety viz G.T. 54-9 was used in both seasons. Also, short stem sorghum variety
viz Drado and Crowford soybean variety were used.

Nitrogen fertilizer was added as Urea (46% N) at rates of 180,130 and 100
kg N/fed. for sugar-cane, soybean and sorghum, respectively according to the rec-
ommended doses for the three crops. Nitrogen dose given to sugar-cane was splitted
into two equal doses, the first dose was added after 70 days from planting, while
the second one was applied after the removal of the companion crops (soybean or
sorghum). In respect to the companion crops, nitrogen was applied to soybean once
after 21 days from sowing and after 21 and 50 days from sowing for sorghum.
Phosphorus at rate of 30 kg P»Og5 was added during land preparation as Calcium Su-
perphosphate (15% P,05) Meanwhile, potassium fertilizer at rate of 48 kg K0 was
applied as potassium sulphate (48% K>0) with the second dose of nitrogen fertilizer.
Normal agricultural practices were applied as usual.

Data recorded:

1. At harvest, a sample of 10 labeled stalks was chosen at random in the field for
each treatment to determine the following attributes:

a. Number of internodes/stalk. b. Stalk weight "gm"
2. Number of millable cane per fed. was counted.

3. Cane yield (tons/fed.): plants of 4-guarded row of each treatment were harvest-
ed, topped, cleaned and cane yield/fed. was calculated.

4. Top yield (ton/fed).

A sample of 30 stalks from each treatment was taken at random and the following
data were recorded:

1. Brix /100 cm3 of juice was determined in the laboratory using brix hydrometer.
2. Sucrose/100 cm3 of juice (S%) was determined according to A.0.A.C. (1995).

3. Purity percentage (P%) was calculated according to the following equation:
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[Purity % = (Sucrose % /Brix %) 100]. Purity % (Sucrose % /Brix )

4. Fiber percentage (F%): at harvest, samples of three stalks were taken, cut, oven
dried, ground to determine fiber % according to Pleskhow (1976).

S. Sugar recovery percentage (SR%) was calculated as follows:

[SR% = Richness % x Purity %] where:

Richness = (Sucrose in 100 grams x Factor)/100

Factor = 100 - [Fiber % + physical impurities + water free from sugar %].

6. Sugar yield/fed. was estimated according to the following equation:
Raw sugar production (ton/fed.) = cane yield (tons/fed.) x SR%

Comptitive relatioship and yield advantages:

1. Land Equivalent Ratio (LER): was determined according to Willey and Osiru
(1972):

2. Relative crowding coefficient (K): was computed for sugar-cane (KS), soybean or
sorghum (Ki) according to Hall (1974):

3- Agressivity (A): was recorded according to Hall (1974).
Economic evaluation:

Gross return were estimated in Egyptian pounds (LE) per fed. for pure stand of
sugar-cane, soybean and sorghum or the intercropping systems.

Price of the yield was cosseted according to Department of Agricultural Eco-
nomic and Statistics, Ministry of Agriculture, Giza, Egypt.

The collected data were subjected to the proper statistical analysis of vari-
ance of complete randomized block design according to the procedures outlined by
Snedecor and Cochran (1981). A combined analysis of the data of the two growing
seasons was calculated. For comparison among means, the new muiltiple range test
method of mean separation was used (Duncan, 1962).

RESULTS AND DISCUSSION

The effect of intercropping patterns of soybean and sorghum under different
sugar-cane row spacing is presented in Table (2). Results indicated that the average



202

SPRING SUGAR-CANE AND INTERCROPPING WITH SORGHUM AND SOYBEAN

of internode number/plant tended to be equal under the studied row distances. This
observation was true throughout the two growing seasons and their combined analy-
sis. Concerning the influence of intercropping patterns the companion crops with
sugar-cane. The collected data in Table (2) pointed out that all intercropping ystem
of the two companion crops recorded superiority in the number of internodes/plant
over those in pure stand. This result is in accordance with that concluded by Fergany
et al., (1997).

Table 2. Effect of row spacing and intercropping patterns on stalk characters of sug-

ar-cane (1995796, 1996/97) and its combined) snalysis.

Row Intercropping No.of internods / stalk Stalk weight  (g)
spacing Palterns 95/96 | 96 /97 | combined § 95/96 | 96/97 | combined
Cane alone 1999 | 213" | 206" | 1276° | 1350° | 1312°
100 cm | Cane + onerow | 22.0™ | 22.4* | 22.2"™ | 1363* | 1530°" | 14406™
soybcan
Cane +onerow | 22.9™ [ 21.9" | 22.4™ J1314® | 1477' | 1395°
sorghum
Cane alone 20,99 1 20.0" | 204%™ | 1488™ | 1500™ | 1523™
120cm | Cane+2-row |21.1" | 233% | 22.2 | 1589™ | 1653 | 1621™
soybean
Cane 4 2- row 23,7 | 221 | 229" | 1406 | 1500™ | 1483
sorghum '
Cane alone 204" | 2000% }. 902" | i554™ | 1613 | 1583
140 cm | Cane+ 3-row | 21.9™ | 233" | 22.6° | 1657 | 1743* | 1700°
V' soybean
Cane + 3- row B 73] e [15267 | 1587 | 1356™
sorghum

In the same table, the obtained results revealed that the average of stalk
weight was distinctly increased with increasing sugarcane row spacing. Growing
sugar-cane under wider row spacing produced heavier stalk weight. This is true in
both seasons and their combined analysis. The results are mainly due to the increase
in interpecific as well as intraspecific by intercrépping. Also, these results indicate
that combining both crops in wide distance (140cm) encouraged unfavorable in-
fluence of intercropping on stalk weight. Table (2) obviously show that cane stalk
weight was statistically affected by the used intercropping system. It could be no-
ticed that intercropping soybean with sugar-cane attained the best results in respect
to sugar-cane stalk weight/plant compared with sorghum with cane. Intercropping
3-row of soybean with sugar-can under 140-cm. row spacing attained the highest
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values of sugar-cane stalk weight. The relative advantage of intercropping soybean
with cane in respect to stalk weight may be due to the fewer number of sugar-cane
plant grown with soybean which gave a good chance to sugar-cane to grow and be-
come thicker than those growing with sorghum. This result is in accordance with
that found by Fergany et al., (1997).

The presented result in Table 3 showed that there was an inverse relationship
between row distance and number of millable cane/fed. The closer row spacing
(100cm.) produced the higher number of millable cane whereas, increasing row
spacing up to 14cm., reduced the number of millable cane/fed. As for, the influence
of intercropping patterns on the number of millable cane, it could be noticed that the
companion crops caused a negative effect on the number of millable cane/fed. com-
pared with pure stand. Intercropping soybean with cane under the various sugarcane
row spacing was better than intercropping sorghum with cane in respect to the num-
ber of millable cane/fed. Also, it is clear that the differences between all treatme-
nts were significant in both season and their combined. These results are in line with
those reported by El-Gergawy et al.,, 1997. Data in Table (3) cleared that net cane
yield was broadly and negatively affected by spacing. Collected results clearly
showed that the closer the row distances (100cm) the highest the net canes yield. It
is well cleared that plant grown under 100cm attained cane increase amounted to be
6% and 12% in the ISt season and 7.7% and 18% in the 2 "d season and 7% and
18.9% for the combined analysis of the two seasons compared with 120 and 140cm.
respectively. The results obtained in Table (3) obviously show that the cane yield of
sugar-cane attained the greatest values by growing sugar- cane in pure stand. This
was valid'in both seasons and their combined. Sugar-cane grown in pur stand out-
yieled those grown with soybean when sugarcane and soybean or sorghum was asso-
ciated in wide distance (140cm.). Thus, increased cane yield/fed. (cane alone with
100cm.), since the can yield/ unit area is the product of plant weight and number of
plant/ mZ. It is worth mentioning that intercropping sorghum with suger-cane was
more profitable than soybean with sugarcane in respect to net yield of sugar-cane
stalk. This result may be due to the increment in the number of millable cane under
this treatment. These results were fairly true not only under the two growing sea-
sons and their combined but also under the various sugar-cane row pacing. These re-
sults are in good agreement with those reported by Jayabal et al.,1991.

In the same Table, top yield of sugar-cane responded negatively to the in-
crease in row distance. The wider row distance gave the lowest top yield. It is dis-
tinctly shown that the companion crop with cane led to a significant reduction in the
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Table 3. Effect of row spacing and intercropping patterns on cane yield (ton/fed.), No. of millable cane (tons/fed) ant Top yield
(ton/fed.) (1995/96 & 1996/97) and its combined) analysis.

Row Intercropping No.of millable cane Cane yield Top vield
Spacing |~ patterns 95/96 | 96/97 | combined | 95/96 | 96/97 | combined | 95/96 | 96/97 | combined
Cane alone | 77.1* | 68.1*°| 72.7°| 85.3*83.4* |843* |21.1* | 20.5*|20.8
100 cm | Cane + one row | 53.3° | 45.8% 496°]703° |69.6% |69.9% [16.7° 15.9°1 16.3°
soybean ;
Cane +onerow | 60.7°[51.9° | 56.4°| 76.7°| 71.5%|74.1%¢ [19.1> | 183%]18.7°
sorghum
Cane alone | 65.5°| 57.6°| 61.6°| 80.8°|78.7" | 79.8°| 19.3°| 18.8°|19.1°
120cm | Cane+2-tow | 43.0°| 37.5°| 40.8°| 66.6°[63.9° | 652°| 14.2°| 13.9%] 14.0°
soybean )
Cane+2-row |52.6° [41.0° | 46.8°| 70.8°| 65.6°| 68.2°[16.9° | 16.1%|16.5°
sorghum ,
Cane alone | 53.6°| 46.9°| 50.7°| 79.3°| 75.9%|77.6" | 18.47|17.3% |[17.8°
140cm | Cane+3-row | 34.7°| 32.1%8| 33.4°| 552°(55.9% | 55.5°) 13.3°| 12.98| 13.1°
soybean
Cane+3-row | 42.0°| 36.8%| 39.4°| 49.4°| 5868}59.0° |162% [152° [15.7°
sorghum :
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top yield of cane compared with the yield of the pure stand. The highest values were
obtained from sole sugar-cane under 100cm. in both seasons and their combined.
This may be attributed to decreasing sugar-area under intercropping.

Date presented in Table (4) showed that the used row distance seemed to be
equal in its effect on B%, the values of this trait were 21%, 20.7 and 20.8% when
sugar-cane was grown under100.120 and 140cm. respectively.The date pointed out
that B% was statistically affected by the used intercopping patterns. The highest
values of B% were recorded when sugar-cane plants were intercopping with sor-
ghum with a row distance of 140-cm. This rsult is in line with those found by Irvime
et al., 1984; Kanwar et al., 1992 and Fergany et al., 1997.

The obtained date in Table (40 indicated that intercopping sorghum with sugar-
cane increased the values of sucrose%.This increment was significant in the 1St.
season and combined sorghum with can mostly attained better values of sucrose %
under the various row distance compared with intercopping soybean with cane. On
the contrary, Sathyaveln et al., (1991) mentioned that sucrose % was unaffected
by intercopping treatments.

Date in Table (4) showed that purity% was significantly affected by inter-
copping in the 15t season only. In general the results obtained in Table (4) showed
that intercropping sorghum (3 rows) with cane almost attained the highest values of
purity% compared with the pure stand (140cm.). This finding partially coincide with
that reported by Jayabal et al, 1991.

Suger-cane grown under the closer row spcing (100cm.)m produced higher fi-
ber % (Table 5) On the contrary, Fergany et al/ (1997) elucidated that of fiber %
were distance the lower fiber% and vice versa. The values of fiber % were attained
when cane was grown in the pure stand. Moreover, it could be noted that intercrop-
ping sorghum with cane mostly increased the values of fiber % compared with inter-
cropping soybean with sugar-cane.

The highest SR % values were recorded under the wider space (140cm.)
followed by 100cm. then 120 cm. (Table 5 ).Opposite results were found by Fergany
et al. (1997) who showed that the highest sugr recovry % was recorded under the
closer row spacing (100cm.). The collected date revealed that intercropping soyb-
ean with cane almost produced the highest values of SR%. This finding was mostly
true under the various sugar-cane row distances. These results are in harmony with
Jayabal et al, 1991.
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The narrow row space (100 cm.) produced the highest numberof millable cane
and consequently the highest sugar yields (Table 5). The relative advantage in sugar
yield under the closer row distance mainly due to increase in the number of millable
cane under this treatment (100 cm.) Growing cane plant in pure stand condition pro-
duced higher sugar yields than those grown with the companion crops and intercrop-
ping sorghum with sugar cane attained the highest sugar yield. This result may be
due to the relative increase in the net cane yield when sorghum was intercropping
with cane. This result is in accordance with that showed by Fergany et al., 1997.

competitive relationships:

Compentitive relationship and yield advantages for intercropping soybean and
sorghum with sugar-cane in three different pattern are presented in Table (6 and 7)
the results obtained clearly showed that by intercropping soybean or orghum with
sugar-cane under these various intercropping patterns with sugar-cane, the value
of land equivalent ratio (LER) waas greater than one (Table 6). These results were
similar for the three patterns of intercropping. However, it could be oberved that
the values of LER in Table (6) cleared that there was a relative advantage of inter-
cropping soybean with sugar cane rather that sorghum. These result were comple-
tely true under the different intercroppings treatments as well as in the growing
seasons and their combined. Intercropping 2-row of soybean or sorghum with cane
attained the best results of LER. an soybean.

Table 6. Land equivalent ratio and relative crowding coefficient of intercropping

sugar-cane with spybean and sorghum (1995/96 & 1996/97) and its com-
bined analysis.

Row | Intercropping Land equivalent Crowding coeffi-
spacing | of sugar-cane Ratio (LER)  |Combined cient (K) Combined
95/96 | 96/97 95/96 | 96/97
Cane+soybean 1.44 1.32 1.38 9.23 5.08 7.15
100 cm. |Cane+sorghum | 1.32 1.23 1.27 8.58 3.95 6.26
Cane+soybean 1.67 1.56 1.62 31.95 15.32 23.63
120 cm. |Cane+sorghum | 1.55 1.47 1.51 19.50 11.26| 15.38
Cane+soybean | 1.61 1.58 | 1.59 40.32 | 22.64| 31.48
140 cm. [Cane+ sorghum| 1.47 1.51 1.49 9.02 11.04| 10.03
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Once more, the high values of relatives crowding coefficient (K) in the two
growing seasons and their combined showed clear advantage for intercropping soyb-
ean with cane compared with sorghum. The relative advantage of intercropping
soybean with cane may be attributed to companion crop i.e. cane and soybean dif-
frences in their use of growth resources and development of the crop canopy. It is
well known that suger-cane is a C 4 plant, while soybean is C 3 plant, this fact pro-

vides the possibility of combining crops, which have different inherent response to
environmental factors.

Concerning the effect of intercropping systems, (Table 7), results showed
that agressivity value (A) of sugar-cane were always positive and those of soybean
and sorghum were negative under intercropping systems in both seasons and their
combined. Such results indicated that sugar-cane was the dominant intercrop compo-
nent in all association, while soybean or sorghum were dominant component.Also, in
all intercropping systems, sugar cane yielded more than the expected yield.

It could concluded that under the conditions of the experiment, sugar- cane
showed higher competitive abilities for the soybean and sorghum insicating that sug-
ar- -cane could be considered a good components when intercropping with soybean
or sorghum, in the other words sugar-cane crop was dominant in the three inter-
cropping patterns.

Table 7. Agrressivity of intercropping soybean and sorghum with cane (1995796
1996/97) and its combined analysis.

Row spacingf Intercropping [1995/96 [1996/97 | Combined
(cm) patterns

100 cm. Sugar-cane 0.2+ 0.65% 0.42%
Soybean 0.2" 0.65~ 0.42-
Sugar-cane 0.47% 0.91% 0.69%F
Sorghum 0.47° 0.91° 0.69°
120 cm. Sugar-cane TA7® 1.16% 1Azt
Soybean 117 1.96" 17
Sugar-cane 1.63% 1.52+ 1.28%
Sorghum 1.63 1.52- 1.28
140 cm. Sugar-cane 1.58% 1.81F 1.68%
Soybean 1.587 1.81° 1.68
Sugar-cane 2.3+ 2.12t 2.07%
Sorghum 237 202" 2.07°
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Economic evaluation:

The effect of intercropping systems on monetary returns in Egyptian pounds
(L.E.)/fed. during 1995/96 and 1996/97 seasons are presented in Table (8). the
represent results showed that intercropping systems significantly affected mone-
tary returns in both seasons.

Regarding row spacing, the results revealed that the monetary returns L.E./
fed. increased by bdecreaing row spacing, in other words, the closer distance
(100cm.) attained a distinct increasiny in monetary returns in both season. With re-
gard to the effect of companion crop with sugar cane. The results obtained in Table
(8) obviously showed that the monetary returns of sugar cane attained the greatest
value by growing sugar cane in pure stand.

It is worth mentioning that intercropping soyrghum sugar-cane was more
profitable than soybean with sugar-cane in respect tyo the monetary returns L.E/
fed. This result may be due to the high yield of sorghum comparing with soybean/
fed. . )

The date clearly indicated that intercropping soybean or sorghum with sugar-
cane caused a reduction in monetary rturns at all treatments compared with sugar-
cane alone. Such results could be explained according to the monetary returns calc-
ulated on the basis of the unit price of intercropping components and quantity of
production. In this study, sugar-cane alone produced more yield than sugar-cane
grown in intercropped, furthermore, the price of sugar-cane yield (ton) and the
yield fed. were raised in last years.

Table 8. Monetary returns in L.E./fed. of intercropping sugarcane with soybean and-
sorghum in 1995/96 and 1996/97) seasons analysis.

Row Intercropping of T~ 1995/1996 1995/1997
spacing sugar-cane
Cane alone 6067.0 a 5896.0 a
100 cm. | Cane+ one row 4857.9b 4828.3 b
soybean
Cane+ one row 5992.1 ac 5374.8 ¢
sorghum
Cane alone 5772.0 acd 5589.0 cd
Cane+ one row 4787.4 bc 4667.6 be
120 cm. soybean
Cane+ one row 6057.7 af 5583.4 cf
sorghum
Cane alone 5737.0 dg 5431.0 cfg
Cane+ one row 3916.5h 4133.6 h
140 cm. soybean
Cane+ one row 4296.4 i 5164.7 i
sorghum
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