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Abstract:

Afield experiment was conducted for two consecutive summer seasons namely 2011 and 2012 at
the Demonstration Farm of the Faculty of Agriculture, Omdurman Islamic University (Fitaihab)
to investigate the effect of chemical and organic fertilizers on yield and yield components of two
roselle ( Hibscussabdariffa L.) varieties. The experiment was carried out using split- plot design
with four replications. The experiment involved two varieties and and six fertilizer treatments.
The two varieties were Bulk (local variety) and Omshiback (improved variety) (designated as V;
and V2, respectively) and laid out in the main plots. The fertilizer treatments were control (chick
treatment), 40 kg N/ha, 80 kg N/ha, 40 KgN + 40 kg P,Os/fed, three tons cattle manure /fed (as
compost) and two tons chicken manure/fed (as compost) Yield and yield components for calyces
include number of fruits /plant, calyx dry weight/plant, dry calyx yield (kg’ fed), whereas for
seeds (only for the 2" season) involve number of seeds /apsule, 1000-seed weight, seed yield/
plant and seed yield (kg / fed). The findings of the study indicated that the two varieties were
significantly different only in calyx dry weight/plant in the 1% season, when, V1 significantly
exceeded V2. In general, the performance of V1 regarding components of calyx yield in both
season was better than V2, whereas the reverse was true for components of seed yield. As for
fertilizer treatments, the findings showed that all calyces components studied were not
significantly affected by application of fertilizers, except number of fruits/plant in the 1% season,
when both F1 and F2 treatments reported a significantly higher mean of this parameter than the
other fertilizer treatments. Meanwhile, seed yield and seed components were not significantly
affected by application of fertilizers, but in most cases F4 reported the insignificantly higher
mean as compared to the other treatments.
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Introduction:

Roselle (Hibiscus sabdariffa L.) is a
member of the Malvaceae family. It is a
tropical annual shrub cultivated in tropical
and subtropical zones (Sanoussi et al.,
2010). The crop plays a considerable
economic role, even though it is largely
underutilized and underappreciated. The
plant is valued for its stem fibers, edible
calyces, leaves and seeds that have
nutritional and medicinal uses (D’Heureux
and Badrie, 2004).The leaves are consumed
as a green vegetable (spinach), while the
stem is a source of pulp for the paper
industry (Rhoden and Small, 1991). Roselle
calyces are used in producing drinks, jellies,
sauces, chutneys, wines, preserves and are
also a source of natural food colorants such
as anthocyanin  (Delgado-Vargas and
Parcedes-Lopez, 2003). Consequently, the
calyces have received industrial attention
internationally ~ (Egharevba and Law-
Ogbomo, 2007). The drink obtained from
calyces extract is readily available and is an
inexpensive source of vitamin C (Babanjide,
et al., 2004). Moreover, Roselle is one of the
most popular folk medicinal plants due to its
colored calyces which are also used in the
pharmaceutical and cosmetic industries
(Ibrahim and Hussein, 2006).

The seeds are subjected to a solid-state
fermentation process, which produces a
meat substitute condiment known as
dawadawa-botso in  Niger, bi-kalgain
Central Burkina and due to in Mali
(Sanoussi et al., 2010). In rural populations,
this condiment is mostly used in sauces
accompanying cereals and pastas. In Niger,
roselle is grown traditionally,without
chemical fertilization. Although roselle
reacts favorably to N application by growing
more vigorously (Van Damme and Viaene,
1987), little is known about the fertilizer

requirements of it. However, many studies
revealed  thatroselleyield and vyield
components in form of calyx and seed yield,
anthocyanin, protein content and oil content
were significantly and insignificantly
affectedwhen nitrogen and phosphorous
applied ( Laota, 1990; Osman, 1998;
Abdelbagi, 2001; Atta et al., 2010; Gad,
2011; Hago and Osman (1999); Ahmed et al
1998; Abdelbagi et al., 2001; Ibrahim et al.,
2020).The objective of this work was to
investigate the effect of application of
chemical and organic fertilization on yield
and vyield components of two roselle
genotypes.

Materials and methods:

Description of the experimental layout:
Afield experiment was conducted during
two consecutive summer seasons (2011 and
2012) at the Demonstration Farm on the
Faculty of Agriculture, Omdurman Islamic
University (Alfitaihab), latitude 15° 34 N,
longitude 32° 34 E and about 393 m above
sea the level. The soil suffers from low
depth and fertility with pH ranging between
7.0 — 7.5 (Amin and Fadual, 2007).

Two varieties of roselle ( Hibscussabdariffa
L.) were used namely Bulk (local variety),
which characterized by red stem and small
seeds (referred to as V;) and Om shiback
(certified variety),which characterized by
dark red stem and large seeds (referred to as
V. The seeds of both varieties were
obtained from Elobaied Research Station,
Agriculture Research Station — Sudan
(production of 2009/2010 season). As for
fertilization, two chemical fertilizers (N and
P) and two organic fertilizers (cow and
chicken manure), in addition to check
treatment (Fo) were applied. Nitrogen
treatments were 40 kg N/fed (referred to as
F1), 80 kg N/fed (referred to as F,), and a
combination of 40 kg N/fed + 40 kg
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P,Os/fed (referred to as F3). Cow and
chicken fertilizers were firstly fermented
inform of compost and then added as 3
tons/fed cow manure (F;) and 2 tons/fed
chicken manure (Fs). The process of
formation of both cow and chicken manure
as compost was done according to Billington
(1943). The treatments were applied at
planting in the 3™ week of July for both
2011 and 2012 seasons.

The experiment was laid-out in a split—plot
design with for replications according to
Gomez and Gomez (1984). The varieties
were allotted to the main plots, whereas the
fertilizer treatments were designated to the
sub-plots. Mean separation for the
experimental treatments was done by using
Duncans Multible Range Test method
(DMRT).

Husbandry:

Before sowing, the stable of the previous
crops was removed from the experimental
area. The land was then disc-ploughed,
leveled and then ridged at 70cm spacing.
The experimental unit was a plot of 12.5m?
(5%2.5) each plot consists of 6 ridges, each
2.5m in length. The crop was sown on 20™
July for the two seasons. Five seeds per hole
were sown on the top of the ridge at 50 cm
spacing between holes. Phosphorus, cow
and chicken fertilizers were then applied at
sowing in bands of one side of the ridge at
the depth of nearly 3 inches, while nitrogen
fertilizer was broad casted. The crop was

immediately irrigated after sowing and then
irrigated consequently every 7 days.
Accordingly, the crop received 14 irrigations
during the season, which extended to about
4 months. Thinning to 2 — 3 plants/hole and
re-sowing were carried-out after the 3™
irrigation for both seasons. Three manual
weeding were done after the 3", 5" and 7™
irrigation. No pesticides or fungicides were
used in both seasons

Yield and yield components:

At maturity, five plants from the three
middle ridges were selected and used to
determine the following yield components
Number of fruits plant:

Number of fruit obtained by the five
selected plants in each treatment was
counted and then number of fruits plant was
determined.

Calyces dry weight/ plant (gm):

The fruits ofthe five selected plants were
picked, then air dried and weighed to
obtained calyx dry weight/ plant in gram.
Dry calyces yield (kg/fed)

After 120 days from sowing, most fruits
reached maturity in both seasons, when their
capsules turned from green to yellowish
color and started to crack at the tip. At this
stage, fruits of plants in an area of 4.2 m?
(6.0 x0.7 m? in the 4 central ridges (1.5 m
each) were picked from each plot. Then
calyces were air dried and weighed to obtain
calyces dry weight (kg/fed) according to the
equation:

Dry calyx yield (kg/fed) = 4200 x harvested area
4.2 x 1000

Number of seeds /capsule:

Parameters of seed attributes were taken
only for the second season. Seeds of ten
selected fruits were collected and counted to
obtain the number of seeds /capsule.
1000-seed weight (gm):

A randomly sample of 3000 seeds was taken
from the lot of the seeds obtained from the

yield area. Then the seeds were weighted to
determine this parameter.

Seed yield plant (gm):

At maturity, seeds from capsules of the
selected yielded area were collected and
weighted to obtained seed yield fplant
according to the formula:
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Seed yield/plant = Seed weight of plants in harvested area

Number of plants for the harvested area

Seed yield (kg/fed.):

Seed from capsules of the selected yield area were collected and weighed to obtain Seed yield

(Kg/fed.) according to the formula:

Seed yield (kg/ fed) = 4200x seed yield of 4.2m? (gm)

4.2 x 1000

Results and discussion:

1Number of fruits plant:

Number of fruits/ plant was not significantly
affected by genotypes well as fertilizers
application in both seasons (tablel), except
fertilizer in the 1 season, when both F1 and
F2 treatments (40 and 80 Kg N/fed.,
respectively) gave the significantly higher
mean of this parameter (12.37 and 12.27
fruits/plant, resp.) as compared to the most
other treatments, whereas FO (check
treatment) reported the significantly lower
mean (9.08 fruits). F; treatment in the first
season significantly increased number of
fruits /plant as compared to Fy, F3, F4 and Fs
by about 36.2%, 24.1%, 28.6% and 33.0%
respectively, whereas this treatment in the
second season insignificantly increased this
parameter compared to Fo, F,, F3, and Fs by
about 35.9%, 12.8%, 10.5% and 8.2%,
respectively (Tablel).

The significant increase in number of fruits
/plant shown in this investigation due to
application of fertilizers mainly F1 and
F2treatments may be attributed to the effect
of these treatments on production of
reproductive branches as well as number of
flowers. Similar results were also reported
by ElI Gamal (1984); Van Damme and

Viaene, (1987), Hago and Osman (1999);
Abdelbagi (2001); Gigingu and Fagbayide
(2009). Also, Okosun et al. (2006) observed
that application of 20, 40 and 60 Kg N/ha
and 10, 20, and 30 Kg P,Os/ha significantly
increased number of pods/plant in roselle
compared to control. Meanwhile, the finding
of Oyewole and Mera (2010) showed that
application of 0, 2.5, 5.0 and 7.5 ton/ha
farmyard manure resulted in production of
33.8, 89.7, 44.6 and 48.4 pods/plant in
which the mean differences were significant
as level of manure increased. Laota (1990)
showed that application of 200 kg P,Os/ha
alone or in a combination with nitrogen did
not significantly affect number of fruits
/plant in roselle, whereas application of
185kg N/ha increased this character by
about 50.1% compared to control.

Although, varieties showed no significant
difference between them for the number of
fruit/plant in this study, but V; in the first
season increased this parameter by about
13.5% compared to V, (Tablel).This result
may reflect the adaptation ability of the local
variety for expressing its potentiality
regarding this character as compared to the
improved variety.
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Table (1): Effect of genotype and chemical and organic fertilizers on yield and yield components of
rosellecalycesgrown during 2011 and 2012 seasons

Treatments Number of fruits plant Calyx dry weight/ Dry calyx yield (kgfed.)
plant (gm)
2011 | 2012 2011 | 2012 20011 | 2012
Varieties
V, 11.09° 6.04° 11.58° 5.00% 200.5°% 150.50°
V, 9.77 6.08° 9.17° 4.29° 168.58° 124.00°
S.E+ 1.06 0.60 0.44 0.42 12.81 17.77
Fertilizers
Fo 9.08° 4.88° 9.54% 3.88% 160.75° 114.75°
F, 12.37° 6.63°% 10.91° 5.25% 208.38° 150.88°
F, 12.27%® 5.88° 13.70° 3.88% 200.38° 110.63°
Fs 9.97™ 6.00° 9.13% 5.00% 175.75° 156.75°
F, 9.62° 6.88° 9.79° 5.25° 185.88° 153.63%
Fs 9.30° 6.13% 9.20% 4.63% 176.25° 136.88°
S.Ex 0.83 0.66 1.26 0.57 21.28 46.91

Means within columns which having similar letters are not significantly different at0.05 level of

probability according to DMRT

Calyx dry weight/ plant (gm):

In the first season calyx dry weight/plant as
shown in tablel was significantly higher in
V1 (11.58gm) as compared to V; (9.17gm),
with an increasing estimated by about
26.3%. In the second season, although there
was no significant difference between the
two varieties, but V; also reported a higher
mean (5.00gm) of this character than V,
(4.29gm), by about 16.6%. On the other
hand, fertilizer treatments did not
significantly affect calyx dry weight/Plant in
both seasons(tablel), however, it was higher
for F, treatment (10.91 gm) in the first
season and Fiand Fjtreatments in second
season(5.25 gm for each).The Percentage of
increment in calyx dry weight/plant in the
first season for F,in comparison to Foy, Fy Fs,
F, and Fs was about 44.2%, 25.7%,
48.9%,39.8% and 48.9% respectively,
whereas in the second season both F2and 4

treatments increased this character
compared to Fo, F,, F3, and Fs by about
35.3%, 35.3%, 50% and 13.4%

respectively. The insignificant differences in
mean of dry calyx/plant among fertilizer
treatments were in contrast to that reported
by ElI Gamal (1984); Elshafie et al (1994);

Laota (1990); Seleim et al (1993); Ramu et
al (1995); Krishnamurthy et al (1994); Hago
and Osman (1999); Abdelbagi (2001);
Gigingu and Fagbayide (2009). Also,
Okosunet al. (2006) recorded a positive
response of dry calyx/plant and per unit area
to application of N with highest yield
obtained by application of 20 kg N/ha. At
the same time Seleim et al (1993) reported
49.4g dry calyx yield/plant, when 160kg
N/ha applied. Okosun (2000) and Babatunde
(2001) attributed the increment of dry
calyces yield in roselle due to application of
nitrogen to its effect on crop photosynthetic
ability as the result of good vegetative
growth induced by N.

Dry calyx yield (kgfed.):

Statistical analysis of the data shows that
mean dry calyx yield (kg fed.) of roselle
was not significantly affected by genotypes,
but as shown in tablel that it was
insignificantly increased in both seasons for
V1 (200.50 and 150.50 Kg/fed., resp.) than
in V2 (168.58 and 124.00 Kg/fed., resp.) by
about 18.9 and 21.4%, respectively. This
variation in calyx yield between the two
varieties may be attributed to genetic
variability. Meanwhile, application of
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chemical and organic fertilizers in both
seasons did not significantly affect the dry
calyces yield, however, F1 treatment in the
1% season and F3 in the 2" season obtained
insignificantly  higher mean of this
parameter (208.38 and 156.75 Kg/fed. resp.)
as compared to the other treatments. F;
treatment in the first seasons increased dry
calyces yield compared to Fy F3 F 4and Fs
by about 29.6%, 18.6%, 12.1% and 18.2%,
respectively, whereas, in the second seasons
it increased this attribute compared to Fo F;
and Fs by about 31.5%, 36.4%, and 10.2%
respectively. This result may indicate the
effect of 40 Kg N/fed. in the 1% season and
application of 40 Kg N + 40 kg P,Os/fed on
plant dry matter. On the economic yield of
roselle, this may be attributed to the effect of
these treatments on plant vigorous
vegetative growth. Sanoussi et al., (2010)
stated that for roselle, the dry and fresh

calyx vyield are more sensitive to
environmental changes than other characters
such as plant height, number of

branches/plant and number of fruits/plant.
Meanwhile, Egharevba and Ogbomo (2007)
reported no variation in calyx dry weight
among 0, 100, 150 and 200 kg N/ha
treatments.

Number of seeds/ capsule:

Table2 shows that genotypes and application
of fertilizers did not significantly affect the
number of seed /apsule in the second
season; however,F;treatment insignificantly
increased it as compared to Fo, Fi,F3 F4
andFsby about 50.7%, 34.6%, 27.8%, 24.7%
and 33.0%respectively. Atta et al (2010)
observed that application of 0, 50 and 100kg
N/ha to three roselle genotypes resulted
insignificant differences between nitrogen
treatments for number of fruits plant,
Number of seed / capsule and 1000-seed
weight (gm), but these characters showed
variation among the genotypes. Oyewole
and Mera (2010) found that the application
of 0, 25, 50 and 75 kg N/ha resulted in
production of 23.9, 24.1, 26.2 and 27.3
seeds/pod, respectively, whereas application
of 0, 25, 5.0 and 7.5 ton/ha farmyard
manure resulted in production of 23.9, 24.9,
26.0 and 27.5 seeds/pod, respectively.
Similarly, Okosun et al (2006) reported that
the lower nitrogen level (20 kg N/ha) did not
significantly increase the number of fruits
/plant and number of seeds /capsule.

Table (2): Effect of genotype and chemical and organic fertilizers on yield and yield components of
roselle seeds grown during 2011 and 2012 seasons

Treatments Number of 1000-seed weight Seed yield/ Seed yield
seeds/ capsule (gm) plant (gm) (kg/fed.)
Varieties
\2 9.50°% 38.36° 2.33° 66.00°
V, 10.46° 38.12° 2.58° 69.50°
S.Ex 0.92 0.53 0.28 10.08
Fertilizers
Fo 8.38° 35.32° 2.00° 52.63
F, 9.38% 38.45% 2.63° 63.75°
F, 12.63% 38.40° 2.38° 55.63°
Fi 9.88% 39.14% 2.50° 74.25°
F, 10.13? 39.28% 2.75° 77.63°
Fs 9.50° 38.98% 2.50° 70.13°
S.E+ 1.35 0.61 0.36 9.12

Means within columns which having similar letters are not significantly different at

0.05 level of probability according to DMRT
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1000-seed weight (gm):

This parameter was not significantly
affected by genotypes, but it was
significantly affected by fertilizers, when Fy,
Fo,Fs, F4 and Fstreatments significantly
increased this parameter as compared to
control (Fp) by about 8.9%, 8.7%, 10.8%,
11.2%, and 10.4%, respectively, whereas
there were no significant differences
between these treatments as shown in table2.
Seed yield /plant (gm):

Seed yield / plant in the second season was
not significantly affected by neither
genotypes nor fertilizers as shown in table2,
however, there was insignificant increase in
this parameter estimated by 10.7% obtained
by V, compared to V;. Meanwhile, F4
treatment in the same season obtained the
higher insignificant mean of this character
(2.27gm), whereas the control obtained the
lowest value (2.00gm), with an increasing
estimated by about 37.5% (Table2). In
contrast to the present study, Laota (1990);
Osman (1998); Abdelbagi (2001); Gigingu
and Fagbayide (2009) observed that seed
yield of roselle significantly increased by
application of nitrogen fertilizer. Okosun et
al (2006) found that seed yield/plant and per
unit area significantly responded to rate of
nitrogen and the highest yield of both
parameters obtained by application of 20 kg
N/ha. The authors attributed this to the effect
of N treatments on number of pods/plant as
well as the number of seeds/pod.

Seed yield (kg/fed)

Seed vyield per unit-area was not
significantly influence by genotypes as well
as by fertilizers (table2). Although, varieties
showed no significant difference between
them concerning with the above mentioned
parameter, but V, in the second season
recorded higher mean than V; with an
increasing estimated by about 5.3%
(table2).As for fertilizers, F, treatment
reported the higher mean of seed vyield
(77.63 kg / fed), followed by F3 (74.25

Kg/fed.) and Fs (70.13 Kg/fed.), while Fy
reported the lower value (52.63 Kg/fed.), but
with no significant differences between
them (table2). The former treatment (Fj)
increased seed yield compared to the latter
one (control) by about 47.5%.The effect of
fertilizer treatments on the components of
seed yield (particularly F4 treatment) may
be behind the higher seed yield per-unit area
under fertilizer treatments as compared to
control.

Conclusion and recommendations:

In the present study, the effect of chemical
(N and P) and organic (cow and chicken
manure) fertilizers was investigated on yield
and yield components of calyces and seeds
of two roselle cultivars (Bulk and
Omshiback). The findings of the study
indicate that:

1. Calyces and seeds attributes statistically
were not significantly different between the
two studied varieties, except calyx dry
weight/plant, when Bulk (V1) reported the
significantly higher mean of this trial than
Omshiback (V2).

2. Application of chemical and organic
fertilizers did not significantly affect neither
calyx attributes nor seed parameters, except
1000-seed weight, in which fertilizer
treatments gave significantly higher mean of
this parameter than control.

3. More investigations regarding types and
levels of fertilizer application should be
done for roselle cultivars in tropical zone.
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