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ABSTRACT

The effect of intra-row spacing on vegetative growth and calyx yield of four roselle
(Hibiscus sabdariffa L.) accessions was determined at the experimental field of the
Savannah Agricultural Research Institute of the Council for Scientific and Industrial
Research (CSIR-SARI), Ghana, from August to November, 2016. The split plot
design was used with 3 replications. The main plot contained the four roselle
accessions (‘Samadah’, ‘Dah rouge’, ‘Local’, and ‘Bissap’) while the sub-plot
contained the four intra-row spacing (30 cm, 40 cm, 50 cm, and 60 cm). An inter-
row spacing of 60 cm was maintained. The results showed that yield (fruit dry
weight per plant, number of fruits per plant, calyx dry weight) and biomass (fresh
and dry shoot weights) were significantly (P < 0.05) influenced by intra-row
spacing. Intra-row spacing of 50 cm resulted in highest calyx yield across the
accessions. Intra-row spacing of 30 cm, 60 cm and 40 cm resulted in high leaf yields
in ‘Bissap’, ‘Dah rouge’, ‘Local’ and ‘Samadah’, respectively. However, intra-row
spacing had no significant effect on vegetative attributes of roselle. For calyx
production, an intra-row spacing of 50 cm can be used for any of the accessions
tested. However, for increased leaf yield, ‘Samadah’ and ‘Local’ which are grown
for their leaves and calyx could be planted at intra-row spacing of 40 cm and 60 cm,
respectively.
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INTRODUCTION

Roselle (Hibiscus sabdariffa L.) is a traditional African vegetable and it belongs to
the family Malvaceae. Roselle is one of the most important traditional leafy
vegetables cultivated for its health and economic benefits (Atta et al., 2010;
Adebooye, 2011). For example, the coloured calyces are used in the pharmaceutical
and cosmetic industries (lbrahim and Hussein, 2006) and in the preparation of
herbal drinks, cold and warm beverages, jams and jellies (Tsai et al., 2002).
Spacing is crucial in crop production. In general, as plant density increases per unit
area, a level is reached at which plants begin to compete for growth factors such as
nutrients, sunlight, water, oxygen and carbon dioxide (El Naim et al., 2012). In
roselle production, the spacing used depends on the purpose of production. For
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instance, according to Krishnamurthy et al. (1994) biomass yield of roselle
(Hibiscus sabdariffa L.) decreases with increase in spacing. Albayrak et al. (2011)
indicated that for most crops, plant density has a major influence on biomass, crop
yield and economic profitability. A research on sowing dates, intra-row spacing and
the use of nitrogen fertilizer in the production of roselle by Fbabatunde et al. (2002)
indicated that plant height, canopy diameter and the number of branches per plant
were significant among intra-row spacing of 40, 60 and 80 cm, with an intra-row
spacing of 80 cm giving the highest value for plant height, canopy diameter and
number of branches per plant.

There are many cultivars of most traditional African vegetables which are cultivated
throughout Africa and beyond (Norman, 1992). Optimum plant densities depend on
characteristics such as growth habit, plant stature and architecture of the genotype
(Ibeawuchi et al., 2008).

There is, however, little study on accession specific intra-row spacing effect on
vegetative and calyx yield of roselle. There is therefore the need for the available
roselle accessions to be studied in this regard in order to make good spacing
recommendations for their cultivation. The objectives of this study were: 1) To
determine the intra-row spacing which will promote the vegetative growth of the
roselle accessions, 2) To determine the intra-row spacing which will give high calyx
yield of the roselle accessions and 3) To identify accession specific intra-row

spacing which will result in maximum leaf and calyx yield of each accession.

MATERIALS AND METHODS

Experimental site

The experiment was conducted at the experimental field of the Savannah
Agricultural Research Institute of the Council for Scientific and Industrial Research
(CSIR-SARI) at Nyankpala in the Northern region of Ghana. Nyankpala is located
in the Tolon District of the Northern region of Ghana at latitude 9° 25N, longitude
0° 58"W and 183 m above sea level (SARI, 2008).

Climatic Condition of the Study Area
Rainfall is mostly unimodal with about 1000-1200 mm, starting from April to
October each year. The area experiences high temperature during the day and is cool

at night, with mean monthly minimum temperatures of 23.4 °C and maximum
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temperatures of 34.5 °C. The minimum and maximum relative humidity of the area
is 46.6% and 76.8%, respectively (SARI, 2008).

Soil Characteristics of the Study Area
The soil of the area is within the voltarian sandstone basin and is sub-classified as
Nyankpala series. The savannah soil and savannah achrosols from sand stone parent

materials are predominant in the area of study (SARI, 2008).

Experimental Design and Layout

A split-plot design with 3 replications was used for the experiment. The main plot
factor was four roselle accessions (‘Samadah’, ‘Dah rouge’, ‘Local’, and ‘Bissap’)
while the sub-plot factor was four intra-row spacings (30 cm, 40 cm, 50 cm and 60
cm).

The inter-row spacing was maintained at 60 cm. The size of each plot was 3.6 m x
2.4 m. Sub-plots were separated from each other by 1 m alley and between main-

plots was 1.5 m. The alleys between replications were 2 m wide.

Agronomic Practices

The field was ploughed and harrowed before lining and pegging to demarcate the
experimental field into experimental units. Seeds were sown directly at a depth of
2-3 cm, with 5 seeds per hole. Seed sowing took place on 2" August, 2016.
Thinning was done, leaving one plant per stand on the 2" week after sowing. Weeds
were controlled manually by hoeing. The first weeding was carried out on the 3
week after planting, the second at 6 weeks after planting and the 3™ at 9 weeks after
sowing. N.P. K (15-15-15) fertilizer was spot applied on the 2" week after sowing
at a rate of 250 kg/ ha, which was as recommended by Norman (1992). Top dressing
was done with Sulphate of Ammonia (21% N) at 125 kg/ ha (Norman, 1992). The

experiment was conducted completely under rain fed conditions.

Sampling and Data Collection

Five plants from the inner rows of each plot were randomly sampled and tagged for
data collection. Data was collected from the 5" to 11" week after sowing for the
following parameters: plant height (cm), stem diameter (cm), number of leaves,

branches and fruits per plant, shoot fresh and dry weight (g), average fresh weight
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per fruit (g), dry weight of calyx (g) and 1000 seed weight (g). Plant height was
determined from the soil level to the terminal growing point of the main stem at
weekly intervals, and the average height for each treatment recorded. Stem diameter
was determined by using a meter screw gauge. The measurements were taken at 20
cm from the soil level. The number of branches was determined by counting all the
branches of the tagged plants and the mean for each treatment was recorded. The
number of leaves was determined by counting all the leaves on the tagged plants
and the mean number of leaves per plant for each treatment was recorded.

Fresh shoots weight was measured at harvest and the shoots were dried under shade
until a constant dry weight was obtained for determination of dry weights (g). Seed
pods were removed from the freshly harvested fruits leaving the calyces. The fresh
calyces were then dried under shade to a constant dry weight and their dry weight
recorded. The mean weight (g) of the dry calyx was obtained to know the weight of
each dry calyx per plant. One thousand seeds were sampled from harvested pods of
each sub- plot and weighed using a sensitive scale (KERN PCB, 10000-1, Kern and
Sohn GmbH, Belinen, Germany).

Statistical Analysis

Analysis of variance (ANOVA) in split-plot design model was done using Genstat
(9" edition, Lawes Agricultural Trust, Rothamsted Experimental Station, UK) to
determine the differences among the accessions, intra-row spacing or their
interaction. Mean separation was done using the Fisher’s protected LSD at 5%

probability.

RESULTS

Effect of Intra-Row Spacing on Vegetative Parameters of Roselle Accessions
Number of Leaves per Plant

The experiment showed no significant (p > 0.05) interaction between accession type
and intra-row spacing, main effect of intra-row spacing and main effect of
accessions on number of leaves per plant at five and six weeks after sowing (data

not shown).
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Plant Height

There were significant (p < 0.05) differences among the accession in plant height
at all weeks after sowing. The tallest accessions were ‘Local’ and ‘Bissap’ whiles
the shortest accessions were ‘Samadah’ and ‘Dah Rouge’. The accessions
‘Samadah’ and ‘Dah Rouge’ increased in height from 5 to 9 WAS and became
constant thereafter whiles ‘Local’ and ‘Bissap’ increased in plant height from 5 to
11 WAS (Figure 1).

Generally, the main effect of intra-row spacing as well as the interaction response
of the accessions to intra-row spacing was not significant (p > 0.05) for plant height
at any of the weeks except at 7 WAS where an interaction was realized between the

accessions and intra-row spacing.
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Figure 1: Plant height of different roselle accessions at different weeks after sowing.

Vertical bars are two standard errors of mean differences.

Stem Diameter

There were no significant (p > 0. 05) differences among the accession for stem
diameter (data not shown). Also neither the main effect of intra-row spacing nor the
interaction between intra-row spacing and accession significantly (p > 0.05)

influenced stem diameter (data not shown).
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Number of Branches per Plant

The results showed that, there were significant (p < 0.05) differences among the
accessions for the number of branches at 5, 7 and 8 WAS but not the other weeks
after sowing (Figure 2). The accession with most number of branches at 11 WAS
‘Local’ whiles ‘Samadah’, ‘Dah Rouge’, and ‘Bissap’ accessions had similar
number of branches. Number of branches per plant increased linearly with time in
all the accessions except ‘Local’. There were significant (p < 0. 05) effects of intra-
row spacing on the number of branches at 8 and 10 WAS but not for the other weeks
(Figure 3). The most number of branches per plant was recorded at an intra-row
spacing of 60 cm (Figure 2) whereas the other spacing produced similar number of

branches.
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Figure 2: Number of branches per plant of different roselle accessions at different

weeks after sowing. Error bars are two standard errors of mean differences.
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Figure 3: Effect of intra-row spacing on roselle number of branches at different
weeks after sowing. Error bars are two standard errors of mean differences.
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Effect of Intra-row Spacing on Dry Weight of Calyx per Plant.

The results showed that intra-row spacing had significant (p < 0.05) effect on calyx
dry weight per plant (Figure 4). There was slight similarity in weight at 30 and 40
cm, but 40 cm produced a bit heavier dry calyx than 30 cm. Also, intra-row spacing
of 50 cm produced the heaviest dry weight of calyx per plant whiles at 60 cm, there

was a reduction in weight.
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Figure 4: Effect of Intra-Row Spacing on Roselle Calyx Dry Weight per Plant. A

full error bar represents two standard error of mean difference.

Fruit and Shoot Biomass of Roselle Accessions

The results showed that there were significant (p < 0.05) differences among the
accessions for average fresh weight per fruit, fruit dry weight per plant and weight
of 1000 seeds (Table 1). However, there were no significant (p < 0.05) difference
among the accessions for number of fruits per plant, shoot fresh and dry weights per
plant. The average fresh weight per fruit and fruit dry weight per plant of ‘Dah
rouge’ was significantly lower than that of ‘Local’ and ‘Bissap’ but not different
from ‘Samadah’. The highest number of fruits per plant was recorded by ‘Dah
Rouge’ whereas the highest shoot fresh weight per plant, shoot dry weight per plant
and weight of 1000 seeds per plant were recorded by ‘Bissap’.
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Table 1: Fruit and Shoot Biomass of Roselle Accessions

Accession Average Fruit dry number of shoot fresh shoot  dry 1000-
type fresh weight/plant  fruits/plant  weight/plant  weight/plant  seed
weight  (g) (n) (9) (9) weight
per fruit (9)
(9)
Samadah  4.10 144.00 35.20 328.00 85.20 15.65
Dah rouge 3.78 142.00 37.20 340.00 88.70 12.75
Local 12.34 291.00 23.70 318.00 89.10 23.65
Bissap 11.64 248.00 21.70 399.00 100.60 26.7
*1.5.d o5y 0.60 110.30 ns ns ns 2.35

*1.s.d is ‘least significant difference’, ‘ns’ shows non-significance among the means
atp <0.05

Fruit and Biomass Response to Intra-Row Spacing

The results in Table 2 showed that there were significant (p < 0.05) effect of the
intra-row spacing for all the yield components except average fresh weight per fruit
and 1000 seeds weight. The highest average fresh weight per fruit was recorded at
an intra-row spacing of 30 cm, while highest 1000 seeds weight was recorded at an
intra-row spacing of 40 cm. The highest values for the other parameters were
recorded at intra-row spacing of 50 cm. There was an increase in the yield
parameters from 30 to 50 cm but a general decline at 60 cm except average fresh
weight per fruit and weight of 1000 seeds per plant which did not show any

consistent trend.
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Table 2: Yield and Shoot Biomass Response of Roselle Accessions to Intra-Row

Spacing
Intra-row  Average Fruit dry number of shoot fresh shoot dry 1000-
Spacing  fresh weight/plant  fruits/plant weight/plant  weight/plant  seed
label weight per (Q) (n) (9) (9) weight
(cm) fruit (9) (9)
30 8.20 155.00 23.30 269.00 70.20 19.40
40 7.85 176.00 25.80 284.00 73.70 20.20
50 7.95 274.00 37.00 433.00 115.50 19.70
60 7.85 220.00 31.80 400.00 104.20 19.50
*1.s.d 005) NS 66.90 7.63 92.40 18.59 2.50

* 1.s.d is ‘least significant difference’.

DISCUSSION

Effect of Intra-Row Spacing on Vegetative Attributes of Roselle

The study showed that number of leaves per plant was not affected by intra-row
spacing. However, work done by other researchers such as Obodai (2007), Ramos
etal. (2011) and Degu and Tesfaye (2016) on roselle showed that intra-row spacing
significantly influenced number of leaves per plant in roselle. The contrast could be
due to differences in the accession or spacing used. There are contrasting reports on
the effect of intra-row spacing on plant height. Whereas work on okra (Wenyonu et
al., 2011) and roselle (Ramos et al., 2011) showed that increase in plant population
markedly increases plant height, EI Naim et al. (2012) showed that crop density has
no significant effect on plant height of roselle. In the current study, intra-row
spacing did not affect plant height. This might be because even the closest intra-row
spacing tested was wide enough to have prevented the intra plant competition which
is usually associated with increased plant height due to etiolation. Stem diameter
was equally not affected by intra-row spacing. Studies on okra, another traditional
African vegetable showed that intra-row spacing had no significant effect on stem
diameter (Madisa et al., 2015).
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Effect of Intra-Row Spacing on Roselle Yield Attributes

Overall, at 60 cm intra-row spacing, there was reduction in all yield parameters.
This is because, increasing intra-row spacing leads to a reduction in the number of
plants per unit area that could potentially contribute to yield. Additionally, fewer
plants give more space for weeds to compete for nutrients (Krishnamurthy et al.,
1994) and solar radiation (Riar et al., 2013) thus leading to lower yields. Only
average fresh weight per fruit was highest at 30 cm while 1000-seed weight was
also highest at 40 cm intra-row spacing.

The study showed that intra-row spacing had significant effect on calyx dry weight
per plant and dry fruit weight per plant. At 50 cm intra-row spacing both indices
were highest (Figure 4 and Table 2) and this could probably be attributed to reduced
competition of plants for soil nutrient, water, and light for photosynthesis (El Naim
et al., 2012) and enhanced photosynthates accumulation in the fruits. Degu and
Tesfaye (2016) found showed that 90 cm intra-row spacing produced the highest
dry calyx yield per plant while 30 cm produced the least in roselle. The study also
showed that intra-row spacing had significant effect on number of fruits per plant.
The highest number was recorded at 50 cm intra-row spacing and this result could
be due the fact that the plants had less competition for space, soil nutrients and light
for photosynthesis. Das and Yaduraju (2011) showed that yield may be reduced in

narrow spacing due to increase competition for plant nutrients and soil moisture.

Genotypic Variation in Vegetative Growth and Yield Attributes

Grubben and Denton (2004) indicated that there are differences among roselle
cultivars in terms of growth and yield traits. Therefore, differences in plant height,
number of branches per plant and 1000-seed weight among the accessions could be
attributed to genotypic variations. This finding is in agreement with Atta et al.
(2011) who also found significant differences among collected accessions of roselle
for 100-seed weight which is analogous to 1000-seed weight and other growth
attributes. In another study, Ibrahim and Hussein (2006) found that variability exists

in some genotypes of roselle for agro-morphological traits of economic importance.
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CONCLUSION

The study showed that main effect of intra-row spacing did not significantly
influence number of leaves per plant, plant height and stem diameter of roselle but
occasionally influenced number of branches per plant at eight and ten weeks after
sowing.

Intra-row spacing influenced all yield indices except fresh weight per fruit and
1000-seeds weight. For high calyx yield, intra-row spacing of 50 resulted in the
highest yield for all the accessions tested. However, for increased leaf yield,
‘Samadah’ and ‘Local’ which are grown for both leaves and calyx could be planted

at an intra-row spacing of 40 cm and 60 cm respectively.
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