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Abstract

The experiment was conducted at Damazin Research Station Farm during the autumn seasons
of 2019 and 2020, to evaluate the effect of inter-row spacing on Roselle and Soybean grown
as intercropping and a sole under rain-fed conditions. A 2x2 factorial experiment arrangement
in a randomized complete block design (RCBD) was used. The two factors were two inter-
row spacing (60 and 80 cm) and planting methods (intercropping and sole cropping). Data
collected included growth parameters (plant height and number of branches and yield
components. Yield parameters at harvest included Roselle calyces yield, Roselle seed yield
and soybean seed yield, all measured in tons per hectare (t ha -1). The Land Equivalent Ratio
(LER) was calculated to assess the yield advantage of intercropping. Data were subjected to
analysis of variance (ANOVA) using the GenStat computer statistical package. Intercropping
resulted in a yield reduction of less than 50% for Roselle calyces, Roselle seed yield and
soybean seed yield. The LER values consistently exceeded 1.0, indicating that intercropping
was more efficient than sole cropping in resources utilization.
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Introduction

Roselle (Hibiscus sabdariffa L.) is an important annual medicinal plant that belongs to the
family Malvaceae and is locally known as “Karkade”. Roselle is an important cash crop in
Western Sudan, particularly in Northern Kordofan State, especially in Elrahad and Um-
Rawaba areas (El Naim et al.,, 2012). The calyces are widely used to prepare herbal drink,
cold and warm beverages, and for making jams and jellies (Tsai et al., 2002).The seeds are
somewhat bitter but are grounded to a meal for human food in Africa and are roasted as a
substitute for coffee (Seiyaboh et al., 2013).

Soybean is a dominant oilseed crop of the United States, accounting for about 90% of the
U.S. oilseed production. Soybean is widely used for food, oil, animal feed, industrial uses,
and biodiesel in the U.S. The U.S. is the leading producer and the second-largest exporter of
soybean globally. In 2020, soybean was planted on 33.4 million ha and had an average yield
of 3.78 t ha with production totaling over 112 Mmt (USDA-NRCS, 2022).

Due to the environmental problems of current agricultural systems as well as reduction of
the agricultural land, application of new methods in order to minimize these negative effects
and to increase the efficiency of land use are often considered in agricultural development
programs. One of the most proper management methods in crop production that leads to
improvement of efficiency in resource use is the intercropping system (Mahapatra, 2011).
This cropping system might provide insurance against crop failure by reducing disease
(Fininsa and Yuen 2000) and insect incidence (Girma, et al., 2000) or against unstable market
prices by planting two or more crops under intercropping, and thus reducing the risk of
unexpected changeable prices. It was shown by many researchers that intercropping of
different crops provided important advantages as well as higher profitability than crops grown
as sole (Nursima, 2009). However, yield production of crops grown under intercropping
depends on the component of the crops selected as well as row arrangements (Lewis ef al.,
2003). More work of this nature is needed and calling for more research due to the conflicting
results obtained by different researchers. Therefore, the objective of this study was to
determine best inter-row spacing for Roselle and soybean under intercropping fashion that
result a greatest yield and provide better land use efficiency, which could be useful to small
farmer’s scale under rain-fed conditions in the Blue Nile Region.

Materials and method

The experiment was conducted at Damazin Research Farm during the seasons of 2019 and
2020, to evaluate the effect of different inter-row spacing on Roselle and Soybean grown as
intercropping and a sole under rain-fed conditions. The treatments comprised (2x3 factorial in
randomized complete block design) of two inter-row spacing’s (60 and 80 cm) and two
planting methods (intercropping and a sole). These treatments were arranged in randomized
complete block design, replicated three times. The land was disc harrowed two times before
planting. Each experimental unit included five rows of Roselle 60 or 80 cm between them 4
m long with a net area of 12 or12.8 m?. Sowing dates was 21™ and 27 ™ July in 2019 and 2020
seasons respectively. Three or four seeds were planted at 30 cm intra-row spacing and then
thinned to two plants hole *!, two weeks after sowing. Soybean was grown between each two
rows of Roselle and then thinned to 5 cm plant spacing. Chemical spraying (Folimate) was
applied to control insects populations. Rainfall records were obtained from the Ministry of
Agriculture and Natural Resources, of the Blue Nile Region. The data collected included
growth and yield parameters for both Roselle and soybean. Five plants of each crop were
randomly selected to measure growth parameters, at 50% flowering and again at the end of
the season. At harvest, yield was recorded which included calyces and seed yield for Roselle
and seed yield for soybean, with all yields reported in tons per hectare t ha "'. The yield
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advantage of the intercropping system was determined by calculating the Land Equivalent
Ratio (LER), a method described by (Mead and Willey, 1980 as cited by Bantie (2014).

LER = yield intercropped (main crop) yield of intercropped (intercrop)
 Yield of sole cropped (main crop)  yield of monocropped (intercrop)

When LER measures was

LER=1: No advantage of intercropping.
LER <1: Intercropping reduced total yield.
LER>1: Intercropping increases total yield.

All collected data were subjected to an analysis of variance (ANOVA) using the GenStat
statistical package, following the procedure outlined by Buysse et al., (2004). A homogeneity
test was also performed to compare the data between two growing seasons.

Results

Table 2 showed meteorological data of rainfall (mm) in both seasons at Damazin Research
Station. Main rainfall data recorded in season 2019 was higher than that of 2020.
Homogeneity test between two seasons was done showed that no significant difference
between two seasons, and combined analysis was done.

(Table 3) showed that planting methods and inter-row spacing significantly affected
Roselle plant height during both seasons and combined. The heights increase was recorded in
the first season compared to the second season. A narrow inter-row spacing and grow Roselle
as intercropping with soybean were gave the tallest plants (cm) in both seasons.

Table 4 showed that planting methods and inter-row spacing significantly affected on
Roselle number of branches plan "' and combined_in both seasons and combined_except that
of planting methods in season one. Wide inter-row spacing and grow hibiscus as a sole
cropping were gave the highest number of branches plan .

Table (5) showed that planting methods was significantly affected on Roselle Calyces yield
(ton’s ha ') in both seasons and combined analysis except planting methods in season one,
while inter-row spacing and interaction were not affected Calyces yield (ton’s ha ). Growing
Roselle as a sole cropping was gave the highest Calyces yield (ton’s ha ).

Table 6 showed that planting methods and inter-row spacing were significantly affected on
Roselle seed yield ton’s ha ! in both seasons and combined except inter-row spacing in the
second season, while interaction was effected only in the second season. Wide inter-row
spacing and grow Roselle as a sol cropping were gave the highest seed yield ton’s ha .

Table 7 showed that planting methods was significantly affected on soybean number of
branches plan ! just in second season and combined, while inter-row spacing and interaction
were not significantly affected on soybean number of branches plan ' except inter-row
spacing in second season. Wide inter-row spacing and sowing soybean as a sole cropping
gave the highest number of branches plan .

Table (8) showed that planting methods, inter-row spacing and interaction effect were
significant on soybean seed yield (ton’s ha *!,) except planting methods in the second season
and inter row spacing in first season. Close inter-row spacing and sowing soybean as a sole
cropping were gave the highest seed yield (ton’s ha ).

Table (9) showed that the combined (total) land equivalent ratio (LER %) of Roselle and
Soybean intercropping were not significantly influenced by the interaction compare with
inter-row spacing. LER measures were greater than 1.0 that means an intercropping is more
advantageous than sole cropping in utilizing resources. A combined analysis of data from
both seasons revealed that the close inter-row spacing resulted in a significant increase in the
land equivalent ratio (LER) [The highest land equivalent ratio (LER %) and combined

80



Adlan M. A. Adlan/ Nile Journal for Agricultural Sciences Vol. 10, NO. 2 (nov2025) 77-87

analysis of Roselle and Soybean intercropping during both seasons and combined analysis
were obtained by 60 cm inter-row spacing].
Discussion

Narrow inter-row spacing and intercropping of Roselle with soybean gave the highest
plants height (cm) in the two seasons and combined. This could be due to high competition of
plants to light. Supporting evidences were reported by Ramos et al. (2011) on Roselle and
Mushayabasa et al. (2014) on Okra who stated that an increase in planting population
markedly would increase plant height. The tallest plants produced by the most densely
populated plants might be attributed to the competition for light and other growth resources
among the plants that were crowded at the closer plant spacing (Mauryaet al, 2013).
Contrasting result obtained by EINaim et al. (2012) who showed that crop density had no
significant effect on plant height of Roselle. Yield of Roselle and soybean in two
intercropping row spacing was significantly less than Roselle and soybean yield as sole crops,
that might be due to the competition between these two crops for the available resources.
Similar results were obtained by Akintoye ef al. (2011) in their work on okra / pumpkin
intercropping. From the result of this study, soybean can be intercropped with Roselle, since
LER in two inter-row spacing, this was in agreement with the reports of (Olowe and
Adebimpe, 2009) who observed, soybean can be intercropped with sunflower, since LER in
most plant spacing testing.

In intercropping treatments, the increase in inter-row spacing from 60 cm to 80 cm
increase yield of Roselle and Soybean. This increase can be attributed to increased
competition in narrow arrangement. As Roselle and Soybean inter-row arrangement decreased
from 80 cm to 60 cm, there was an increasing trend in total LER from 1.3, 2.1 and 1.7 to 1.4,
2.7 and 2.1 on season two and combine analysis respectively. This was in agreement with the
reports of (Pushpa et al., 2017) who observed increment in total LER as common bean
planting density increased from 25% to 100%. Based on the values of total LER, advantage
of intercropping Roselle with pigeon pea.

Conclusions

e This study showed that that wide inter-row spacing (80 cm) and grow Roselle as a sole
cropping gave the highest number of branches per plan and seed yield ton ha !

e Growing Roselle as a sole cropping gave the highest Calyces yield in ton ha .

e Narrow inter-row spacing (60 cm) and grow Soybean as a sole cropping gave the highest

seed yield in ton ha .
¢ Yield decrease percentage as effected by intercropping in two intercropping arrangements

were less than 50% on Roselle Calyces, seed yield and soybean seed yield in ton ha !

e LER measures were greater than 1.0, that means an intercropping is more advantageous
than sole cropping in utilizing resources.
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Table. 1 Theoretical plant populations hectare -! of the two inter-row spacing’s

inter-row (cm) Roselle ha™! Soybean ha ! Plants ha ! (total)
80 83,333 250,000 333,333
60 111,111 333,333 444,444
Table 2. Metrological data of rainfall (mm) at two seasons 2019 and 2020
Months 2019 2020
May 78.1 32.6
June 128.3 82.6
July 220.5 175.0
August 242 .4 196.9
September 119.6 74.1
October 81.0 35.5
Mean 869.9 596.7

Table 3. Effect of intercropping and inter-row spacing on Roselle plant height (cm)

Inter-row spacing (cm)
Planting Season 2019 Season 2020 Combine
Methods 60 80 Means 60 80 Means 60 80 Means
Sol 94.8 81.2 88.0 77.7 | 83.0 80.3 86.3 | 82.1 84.2
In. C. 98.3 91.2 94.8 85.3 | 88.7 87.0 81.8 | 89.9 90.9
Means 96.6 86.2 81.5 | 85.8 89 86
Statistics
Sig. | SEx | CV% | Sig. | SEx | CV% | Sig. | SE+ | CV%
Methods * 1.54 * 0.83 * 0.36
Spacing * 1.29 2.5 * 0.69 1.4 * 0.47 94
Interaction | NS 4.6 NS 4.5 NS 5.9
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Table 4. Effect of intercropping and inter-row spacing on Roselle number of branches

plan -
Inter-row spacing (cm)
Planting Season 2019 Season 2020 Combine
Methods 60 80 Mean 60 80 Mean 60 80 | Mean
Sol 10.2 13.7 11.9 10.2 12.0 11.1 10.2 | 12.8 | 11.5
In. C. 7.0 10.2 8.6 6.9 7.8 7.3 69 | 9.0 7.9
Mean 8.6 11.9 8.6 9.9 8.5 | 10.9
Statistics
Sig. SE+ | CV% Sig. SE+ | CV% | Sig. | SE£ | CV%
Methods NS 1.1 * 0.73 * 0.56
Spacing * 0.86 14.6 * 0.16 3 * 047 | 14.8
Interaction | NS 4.7 * 0.75 NS 4.7

Table 5. Effect of intercropping and inter-row spacing on Roselle Calyces yield ton’s ha -
1

. Inter-row spacing (cm)
Planting -
Season 2019 Season 2020 Combine
Methods
60 80 Mean 60 80 Mean 60 80 Mean
Sol 0.23 0.25 0.24 0.25 0.29 0.27 024 |0.27 0.25
In. C. 0.18 0.19 0.19 0.21 0.24 0.23 0.19 |0.23 0.21
Mean 0.20 0.22 0.26 022 1024
Statistics
Sig. SE+ | CV% | Sig. SE + CV% | Sig. |[SEx| CV%
Methods * 0.008 * 0.002 * 10.004
Spacing NS 0.01 10.4 NS 0.01 12.8 NS ]0.01 6.9
Interaction NS 5.9 NS 477 NS 4.4

yield decrease percentage as effected by intercropping were 20, 15 and 16 % at two seasons
and combine analyses respectively
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Table 6. Effect of intercropping and inter-row spacing on Roselle seed yield ton’s ha !

Inter-row spacing (cm)
Planting Season 2019 Season 2020 Combine
Methods 60 80 Mean 60 80 Mean 60 80 Mean
Sol 0.43 | 0.57 0.50 0.24 | 0.31 0.28 0.37 | 0.41 0.39
In. C. 0.23 | 0.33 0.28 0.16 | 0.20 0.18 0.20 | 027 0.23
Mean 0.33 | 0.45 0.20 | 0.26 0.28 | 0.34
Statistics
Sig. | SEx | CV% | Sig. | SEx | CV% | Sig. | SE+ CV%
Methods *ok 0.04 *k% 10.001 * 0.02
Spacing *ok 0.02 7.4 NS 0.01 7.4 * 0.01 17.6
Interaction | NS 0.1 * 0.009 NS 33

yield decrease percentage as effected by intercropping were 40, 35 and 31% at two seasons
and combine analyses respectively.
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Table 7. Effect of intercropping and inter-row spacing on soybean number of branches

plan -
Inter-row spacing (cm)
Planting Season 2019 Season 2020 Combine
Methods 60 80 Mean 60 80 Mean 60 80 Mean
Sol 11.8 | 12.8 12.3 143 | 17.2 15.8 13.1 15 14
In. C. 8.1 8.4 8.3 7.4 8.3 7.9 7.8 8.4 8.1
Mean 9.9 | 10.6 10.9 | 12.8 104 | 11.7
Statistics
Sig. | SE+| CV% | Sig. | SEx | CV% | Sig. | SE£ | CV%
Methods NS 3.9 * 0.3 * 0.8
Spacing NS 4.1 11.5 * 0.6 9.3 NS 0.6 | 21.5
Interaction NS 3.9 NS 5.5 NS 1.6

Table 8. Effect of intercropping and inter-row spacing on soybean seed yield ton’s ha -!

Inter-row spacing (cm)

Planting Season 2019 Season 2020 Combine
Methods 60 80 | Mean 60 80 Mean 60 80 | Mean
Sol 1.4 1.0 1.2 1.3 0.6 0.9 1.3 0.8 1.1
In. C. 0.6 0.7 0.7 0.5 0.7 0.6 0.6 0.6 0.6
Mean 1.0 0.9 0.9 0.6 1.0 0.8
Statistics
Sig. | SE+ | CV% | Sig. | SEx£ | CV% | Sig. | SEx | CV%
Methods * 0.08 NS 0.1 * 0.09
Spacing NS 0.1 10.8 * 0.03 11.1 ok 0.02 | 19.8
Interaction * 0.1 ok 0.08 **E 1 0.09

yield decrease percentage as effected by intercropping were 41, 40 and 45% at two seasons

and combine analyses respectively.

Table 9. land Equivalent Ratio (LER%) of Roselle and Soybean intercropping

) ) Season 2019 Season 2020 Combine
ntercropping 60 80 60 80 60 80
1 1.4 2.7 2.1
2 1.3 2.1 1.7
Statistics
Sig. NS NS *
SE + 0.09 0.2 0.06
CV% 9. 11 12.6
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