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Abstract: Pepper is an important vegetable crop nutritionally and for food security in the Kingdom of Eswatini.
They are generally produced using synthetic fertilisers which can potentially harm the environment and
subsequently be a threat to the achievement of sustainable development goals (SDGs) pertaining to the people
and the planet. The objective of this study was to determine the effects of stillage and different  types of
organic fertilisers and application rates on soil organic matter, growth, yield and quality of two bell (green)
pepper cultivars. The cultivars (Capricorn and California Wonder) were grown under open  field  conditions.
The treatments were stillage applied at 6 t/ha; cattle manure applied at 30 t/ha; goat manure applied at 15 t/ha;
and chicken manure applied at 10 t/ha. A control of cattle manure was applied at 15 t/ha + inorganic fertiliser
(2:3:2 (22) + 5% Zn) applied at 250 kg/ha. The treatments were laid in a randomized complete block design
(RCBD). The results showed that stillage application affected growth of both bell pepper cultivars, with the
highest plant height of 63.7 cm observed from cultivar Capricorn followed by the control (62.6 cm) in the same
cultivar. The lowest plant height of 59.2 cm was observed from cultivar California Wonder supplied with goat
manure. California Wonder supplied with stillage had the highest number of marketable fruits (5.7) followed by
the control from the same cultivar with 5.1 fruits per plant. Cultivar Capricorn supplied with goat manure had
the lowest number of fruits (3.2) per plant. Peppers supplied with stillage had fruits with the highest total
soluble solids (5.8) in cultivar Capricorn whilst goat manure application resulted in the lowest values of total
soluble solids from both cultivars. It was concluded, therefore, that farmers may use stillage applied at 6 t/ha
or continue using the recommendations from the Ministry of Agriculture of cattle manure applied at 15 t/ha
combined with inorganic fertiliser (2:3:2 (22) + Zinc) applied at 250kg/ha for prductivity of green pepper under
field conditions in Eswatini.
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INTRODUCTION Organic fertilizers are essential for the proper

Bell pepper (Capsicum annuum L.) is an important they offer rapid growth with superior quality to all species
vegetable crop with a good source of nutrients, Vitamin [6]. They have the nutrients necessary for better
A, C, K and B6, calcium, iron, potassium, zinc, fibre, development [6-7]. In addition, the organic matter serves
natural pigments and antioxidant compounds important as nutrients and energy sources for soil microorganisms
for human health [1-3]. It is a member of the Solanaceae [7]. The suitability and usefulness of organic fertilizers
Family and commonly divided into two groups, pungent has been attributed to high availability  of  NPK  content
and non-pungent, which are also called hot and sweet [7, 8], which is capable of enhancing  soil  fertility  [9].
pepper respectively. Worldwide, there is an increasing They also act as a substrate for soil microorganisms
interest in the use of organic manures even on pepper which results to the increase microbial activity, the rate of
production as a trail to compensate the decrease in soil organic  material  decomposing  and  releasing  nutrient
fertility. The need to reduce costs of fertilising crops has for plant uptake. They improve the physical properties of
revived the use of organic fertilisers [4-5]. the  soil  as  well  [10-12]. Bhata  and  Shukla [13] reported

development of plants, vegetables, flowers and fruits, as
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that organic fertiliser (farm yard manure) resulted in quality and its effects on soil organic matter has never
significant increase in soil carbon, nitrogen, pH, cation been tested in Eswatini.
exchange capacity (CEC) and exchangeable Ca, Mg and K The stillage sometimes known as condensed
which invariably enhanced crop yield and productivity. molasses solids (cms) is a by-product of various

In recent years the world has seen a growing fermentation processes. Molasses is used as a nutrient
awareness of health and environmental issues. substrate in many fermentation industries (e.g. yeast,
Consumers  worldwide  are  becoming concerned about alcohol and amino acid production and the production of
the quality and safety of food that they eat [14]. They are organic acids). In these processes, most of the sucrose
concerned about the effect of pesticides, fertilizers, content of the molasses is consumed by microbiological
livestock effluent and veterinary drugs on their health and action [16]. The resulting liquid waste (known variously
livelihoods. Organic agriculture is considered to be a as slop, stillage, distiller’s wash or vinasse) has very little
viable solution to most of these concerns. residual sugar content. It is this waste which is

Traditional agricultural methods from Africa and condensed, further processed and marketed as stillage.
around the world, which  have  always  been  organic, The stillage is used primarily in feed products for cattle
have to  a  great  extent  inspired  today’s  modern and sheep because its crude protein content consists
organic agriculture [10]. It must be remembered that mainly of NPN (non-protein nitrogen compounds such as
artificial  fertilizers   and   chemical based agro-industry free amino acids and betaine). It is also of interest because
is a relatively new development,  only  becoming of its mineral content, most notably  potassium  [14, 15].
prominent in  the  second  half  of  the  20   century  [10]. It is also used as a nitrogen-potassium fertilizer,th

In Eswatini, the indigenous  farming  systems  that  were particularly in only mildly condensed form or completely
used  in  the past could be referred as organic farming. non-condensed form (i.e. 35-50% solids). Stillage in these
These faming methodologies did not utilize any biocides. forms is sprayed onto fields. The volumes of stillage used
The production methodology was dependent on the as fertilizer vary considerably from region to region within
natural resource base. Europe owing to differences in the volumes of molasses

Organic agriculture has grown tremendously over the fermented and the quantities of stillage produced [16].
last decades, both as a commercial production and as an Across Europe as a whole, more CMS/stillage is used in
environmentally friendly production method [14-15]. It has animal feed than is sprayed on fields as fertilizer -
been found to be the best model  for  emerging  farmers. especially when beet and/or cane molasses is
A number of countries around the world have seen comparatively expensive [16].
considerable increase in their organically farmed areas. As far back as 1860, it was standard practice to apply
More than 10% of Switzerland's farmland is organic, molasses before planting sugarcane in a number of
Sweden reached 19% in the year 2005 and about 13% of countries [17]. In Mauritius and Hawaii, the application of
Austria's farms are organic [16]. A number of developing molasses to cane lands was widespread. It was concluded
countries are showing significant rates  of  adoption. from research that its beneficial effects were due not only
There were 1.8 million producers in 2009, an increase of to release of plant nutrients such as potassium and
31% since 2008, mainly due to a large increase in India nitrogen, but also to physical improvement in soil
[15]. Forty percent of the world’s organic producers are in structure and an increase in biological activity of
Asia, followed by Africa (28%) and Latin America (16%) beneficial micro-organisms following partial sterilisation
[15]. The countries with the most producers are India of the soil [18]. Other benefits that have been reported
(677,257), Uganda (187,893) and Mexico (128,862) [15]. include the control of nematodes through certain species
About 32.2 million hectares are certified according to of fungi that are able to parasitize plant feeding
organic standards internationally (data as at the end of nematodes [19]. In South Africa, the first formal
2007) [15]. investigation was carried out by the Tongaat Sugar

The general objective of the study was to provide Company Ltd during the fifties [18], when large areas of
farmers with new production technologies in order to the industry were deficient in potassium while in
contribute to food self-sufficiency in Eswatini and at the Swaziland it was carried out by Simunye Sugar Estate [17].
same time conserving the soil biodiversity and ecosystem. Significant yield responses were obtained from molasses
Also the response of bell pepper to stillage compared with applied at rates of up to 13.5 t/ha in four trials and soil
other organic fertilisers (cattle manure, goat manure and analysis confirmed the marked effect it had in restoring
chicken manure) in terms of vegetative growth, yield and depleted potassium levels [16].



Am-Euras. J. Agric. & Environ. Sci., 19 (4): 291-300, 2019

293

The Kingdom of Eswatini sugar industry produces the effects of stillage and animal manures on soil organic
about 150,000 tonnes of Condensed Molasses Soluble matter, growth, yield and quality of two bell pepper
(CMS) [17]. According to Turner [17], approximately cultivars common in Eswatini.
120,000 tonnes is sold locally to sugar cane, banana and
citrus farmers and 10,000 tonnes is exported while the rest MATERIALS AND METHODS
is dumped.

Apart from supplying nutrients, some of the other Experimental Site: The experiment was conducted at
beneficial effects reported by researchers included a Malkerns Research Station in Malkerns  under  the
physical improvement in soil structure and an increase in Manzini region in  the  Middleveld  agro-ecological zone
the biological activity of beneficial micro-organisms such of the Kingdom of Eswatini. Malkerns is located on
as soil fungi, following partial  sterilisation  of  the  soil latitude 26°4’ S and 31°4’ E longitude. The average
[16, 17, 19]. The soil fungi produce a heavy mycelial altitude of this area is 750 m above sea level. The mean
growth and coat the soil particles in contact with the annual precipitation is 980  mm  with  most  rain  available
molasses. In addition, some species of soil fungi are between  October  and April. Drought hazard is about
nematophagous or nematode destroying and can 40%. The average summer temperature is 27°C and
parasitize and kill nematodes [19]. On the other side average  winter  temperature  is 15°C. The soils in
molasses contains large quantities of fermentable sugars Malkerns  are  classified   under   the   Malkerns  soil
that can temporarily immobilise or tie up plant available series [20].
nitrogen in organic form, causing leaf yellowing due to a
transient N deficiency [16, 19]. For this reason, at least Plant Material: The bell pepper seedlings, variety
half of the fertiliser N should be applied at about the same California Wonder was sourced from the National
time the molasses is applied. Eventually the immobilised Agricultural Marketing Board (NAMBoard), Matsapha,
N will be released or mineralised and will be taken up by Eswatini and variety Capricorn was sourced from Vickery
the cane. The rate of N release will depend on how well Seedlings, Malkerns, Eswatini. The stillage was obtained
the soil is aerated. Molasses should not be applied to from Enviro Applied Products located at Royal Swaziland
poorly drained soils. Sugar Corporation (RSSC) Simunye, Eswatini while cattle,

The response of bell peppers to stillage compared to goat and chicken manures were obtained from the
other common organic fertilisers (cattle, chicken and goat University Farm, Luyengo Campus, University of
manures) has not been investigated in Eswatini and this Eswatini.
makes it very hard for bell pepper farmers to produce high
quality peppers  organically  and  with  reduced  cost. Experimental Design: The experiment was laid in a
This might be the reason of less bell pepper production in randomised complete block design (RCBD). It consisted
Eswatini. The available farmers in Eswatini do not apply of two bell pepper cultivars (California Wonder and
stillage in their crops because they do not know that it is Capricorn),  four   treatments   and   three  replications.
the best source of potassium, it contains organic matter The pepper seedlings were transplanted in plots of 3.6 x
and relatively cheaper. Potassium is one of the most 3.6 m at a spacing of 45 cm between plants and 90 cm
essential nutrients in plants since it regulates the opening between rows. All treatments were applied four weeks
and closing of stomata and therefore regulates carbon before planting. Soil samples were collected from the
dioxide (CO ) uptake. Potassium triggers activation of surface layer (0-15 cm) of all the plots before treatment2

enzymes and is essential for production of Adenosine applications and immediately after bell pepper harvest in
Triphosphate (ATP). Bell pepper plants need significant January 2019. Five random cores were taken from each
levels of potassium to produce large, high quality fruits. plot with a 5-cm diameter tube auger and mixed. Soil
Farmers are also facing problems of revitalising their soil samples were taken to soil chemistry lab to laboratory
after a period of time under production. This is caused analysis and the results are shown in Table 1.
among other things by application of inorganic
products/chemicals. Stillage can be a solution  to  this Treatments: The treatments were stillage applied at 6
problem since it contains organic materials. So it is t/ha; cattle manure applied at 30 t/ha;  goat  manure
important for farmers to know more on stillage and its applied at 15 t/ha; and chicken manure applied at 10 t/ha.
benefit to the soil compared to other organic fertilisers for A control of cattle manure applied at 15 t/ha and (2:3:2 (22)
bell pepper production. The aim of the study was to find + 5% Zn applied at 250 kg/ha.
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Table 1: Physical and chemical properties of soil before treatment and after harvest.
After harvesting
-------------------------------------------------------------------------------------------------------------------------

Before application Control Stillage Cattle manure Goat manure Chicken manure
Soil pH 4.58 5.27 5.12 5.11 4.81 4.72
Organic carbon (%) 33 37 38 40 40 36
Organic matter (%) 57 63 65 69 69 62
Phosphorus (mg/kg) 4.78 21.99 16.28 11.91 14.38 8.77
Potassium (cmol/kg) 0.48 0.78 2.95 1.14 0.80 0.80

Data Collection: Data were collected 2 weeks after obtained in Capricorn grown under stillage treatment and
transplanting and at 2 weeks intervals. The data collected the lowest plant height was obtained in California Wonder
included the following parameters: plant height, number grown under goat manure treatment. Stillage treatment
of leaves, stem girth, chlorophyll content, number of also had the highest plant height in cultivar California
flowers, number of fruits, yield, fruit diameter, dry matter Wonder. Ozores-Hampton [23] reported that different
content and the nutrient composition of bell pepper fresh fertiliser treatments have different qualitative and
fruits. Data were collected on six plants selected randomly quantitative effects on plant height. The green pepper
from each plot and analysis was done on six randomly grown under stillage treatment had the tallest plants in
selected fruits from each plot. both cultivars. This could probably be due to the fact that

Data Analysis: The data collected was subjected to plants and were continuously released for a long period.
analysis of variance (ANOVA) using the GEN-STAT [21] Stillage effects on plant is seen immediately [24]. In other
program and the means were separated using the organic fertilisers, the nutrients are not available
Duncan’s New Multiple Range Test (DNMRT) at P 0.05 immediately [25]. In case of inorganic fertilisers, nutrients
where significant differences were detected [22]. are immediately available to the plant upon application

RESULTS AND DISCUSSION [26]. Goat manure treatment resulted in the lowest among

Plant Height: There were significant (P 0.05) differences
in plant height of green pepper cultivars grown under Number of Leaves: There were significant (P 0.05)
different fertiliser treatments. Stillage treatment had the differences in the number of leaves in green pepper
highest plants than all other treatment in cultivar cultivars across all different fertiliser treatments. Cultivar
Capricorn (Table 2). There was no significant (P 0.05) Capricorn had a higher number of leaves based on the
differences in the plant height of green pepper from the observation of the study when compared to California
stillage, control and cattle manure treatment on cultivar Wonder (Table 3). There were no significant (P 0.05)
California Wonder (Table 2). The highest plant height was differences in number of leaves between stillage treatment

the nutrient stillage were immediately available to the

although they do not last longer than organic fertiliser

all treatment on plant height in both cultivars (Table 2).

Table 2: Plant height at 2, 4, 6, 8 and 10 weeks after transplanting as influenced by stillage, cattle, goat and chicken manure
Weeks after transplanting
----------------------------------------------------------------------------------------------------------------------------

Treatment Cultivar 2 4 6 8 10
Control Capricorn 18.9b 29.2b 38.5b 50.5b 57.2b

California 16.4c 26.7c 36.0c 48.0c 54.7de
Stillage Capricorn 19.8 a 30.1 a 39.4 a 51.4 a 58.1 a

California 17.1 c 27.3 c 36.7 c 48.7 c 55.4 cd
Cattle manure Capricorn 14.7 d 20.9 d 30.3 d 46.3 d 56.0 c

California 14.0 de 20.3 de 29.6 de 45.6 de 55.3 cd
Goat Manure Capricorn 13.4 ef 19.7 ef 29.0 ef 45.0 ef 54.7 de

California 12.8 f 19.1 f 28.4 f 44.4 f 54.1 e
Chicken manure Capricorn 14.1 de 20.3 de 29.7 de 45.7 de 55.4 cd

California 13.1 f 19.4 f 28.7 f 44.7 f 54.4 e
Mean values within the same column followed by the same letter are not significantly different from each other at P  0.05. Mean separation by DNMRT.
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Table 3: Number of leaves at 2, 4, 6, 8 and 10 weeks after transplanting as influenced by stillage, cattle, goat and chicken manure

Weeks after transplanting
----------------------------------------------------------------------------------------------------------------------------

Treatment Cultivar 2 4 6 8 10

Control Capricorn 16.2 a 22.2 a 28.2 a 32.2 a 33.2 a
California 14.3 b 20.3 b 26.3 b 30.3 b 31.3 d

Stillage Capricorn 16.1 a 22.1 a 28.1 a 32.1 a 33.1 a
California 14.2 bc 20.2 bc 26.2 bc 30.2 bc 31.2 d

Cattle manure Capricorn 14.3 b 20.3 b 26.3 b 30.3 b 32.3 b
California 12.3 d 18.3 d 24.3 d 28.3 d 30.3 e

Goat Manure Capricorn 14.0 c 20.0 c 26.0 c 30. c 32.0 c
California 12.1 d 18.1 d 24.1 d 28.1 d 30.1 e

Chicken manure Capricorn 14.2 bc 20.2 bc 26.2 bc 30.2 bc 32.2 bc
California 12. d 18.0 d 24.0 d 28.0 d 30.0 e

Mean values within the same column followed by the same letter are not significantly different from each other at P  0.05. Mean separation by DNMRT.

and the control in both cultivars, but were significantly Chlorophyll  Content:  There  were  no  significant
(P 0.05) different from cattle manure, goat manure and (P 0.05)  differences  in  the   chlorophyll  content in
chicken manure. The highest number of leaves was green pepper cultivars across  all  different  fertiliser
obtained in cultivar Capricorn from the control treatment treatments. Cultivar California Wonder had higher
(Table 3), while cultivar California Wonder gave the chlorophyll contents in all treatment than cultivar
lowest number of leaves when grown using chicken Capricorn (Table 5). Stillage  treatment  had  the highest
manure (Table 3). The green pepper grown under the chlorophyll content in both varieties. The highest
control treatment had the highest number of leaves in chlorophyll   content   was   observed  in  cultivar
both cultivars. Nutrients are readily available to the plants California   Wonder    when  compared  to  Capricorn
upon  application  of  inorganic  fertilisers  and  stillage under the stillage treatment.  It  was  reported  by Islam
[10, 24, 25]. The best treatment in the number of leaves [25]  and  Nadir  [26]  that  sugar  cane  treated with
was the control followed by stillage. The control and stillage became dark green  with  more  chlorophyll
stillage treatment proved to be significantly better than all content.  This  was  attributed to readily available
other treatment in all varieties. nutrients   from    inorganic    fertilisers    to    the  crop

Stem Girth: There were significant (P 0.05) differences in plants with the lowest chlorophyll content in both
the stem girth in green pepper cultivars across all different cultivars.
fertiliser treatments. Cultivar California Wonder had a
significantly (P 0.05) higher stem girth than cultivar Yield Components: Different levels of organic fertiliser
Capricorn (Table 4). The green pepper grown from the applications behaved differently in terms of yield
stillage treatment had the largest stem girth in cultivar parameter as was shown by the significant (P<0.05)
California Wonder (Table 4). There were no (P 0.05) differences  in  number  of  flowers,  number  of  fruits,
significant differences in stem girth of plants provided fruit  diameter  and  marketable  yield.  The  highest
with stillage and the control in cultivar California Wonder number of fruits (Figure 2),  marketable  yield  (Figure 3)
(Table 4). There were no significant (P 0.05) differences and the largest fruit  dimeter  (Figure  4)  was  obtained
in stem girth in green pepper plants between cattle from bell pepper treated with stillage in all cultivars.
manure, goat manure and chicken manure treatment in Cultivar Capricorn has a naturally higher yield than
cultivar California Wonder while there was a significant cultivar  California  Wonder.  The  highest number of
(P 0.05) difference between cattle manure treatment and fruits  per   plant   in   cultivar  California  Wonder  and
the control in cultivar Capricorn (Table 4). The green also  highest  number  of  fruits  in  cultivar  Capricorn
pepper grown from the stillage treatment had the largest were obtained  from stillage treatment. The lowest
stem girth in both cultivars (Table 4). Stillage performed average number of fruits was obtained from chicken
well due to the availability of nutrients since it is liquid manure   treatment.    Plants    under   the  stillage
[26-28]. Goat manure treatment had the lowest stem girth treatment had the highest yield per hectare in cultivar
on both cultivars (Table 4). California  Wonder   and   the   control   had   the   highest

plant  [23]. Goat  manure  and  chicken   manure  had



a
b b

cd de
b bc

f de de

0
2
4
6
8

10
12
14

Control Stillage Cattle Manure Goat manure Chicken manure
Type of organic fertiliser

N
um

be
r o

f f
lo

w
er

s

Capricorn California

ab ab
ab ab b

ab
a

ab ab b

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

Control Stillage Cattle Manure Goat manure Chicken manure
Type of organic fertiliser

N
um

be
r o

f f
ru

its
 p

er
 p

la
nt

Capricorn California

Am-Euras. J. Agric. & Environ. Sci., 19 (4): 291-300, 2019

296

Table 4: Stem girth at 2, 4, 6, 8 and 10 weeks after transplanting as influenced by stillage, cattle, goat and chicken manure.
Weeks after transplanting
----------------------------------------------------------------------------------------------------------------------------

Treatment Cultivar 2 4 6 8 10
Control Capricorn 0.37 c 0.57 c 0.87 c 0.97 c 1.07 c

California 0.43 a 0.63 a 0.93 a 1.03 a 1.13 a
Stillage Capricorn 0.40 b 0.60 b 0.90 b 1.00 b 1.10 b

California 0.43 a 0.63 a 0.93 a 1.03 a 1.13 a
Cattle manure Capricorn 0.33 d 0.53 d 0.83 d 0.93 d 1.03 d

California 0.38 bc 0.58 bc 0.88 bc 0.98 bc 1.08 bc
Goat Manure Capricorn 0.34 d 0.54 d 0.84 d 0.94 d 1.04 d

California 0.38 bc 0.58 bc 0.88 bc 0.98 bc 1.08 bc
Chicken manure Capricorn 0.34 d 0.54 d 0.84 d 0.94 d 1.04 d

California 0.38 bc 0.58 bc 0.88 bc 0.98 bc 1.08 bc
Mean values within the same column followed by the same letter are not significantly different from each other at P  0.05. Mean separation by DNMRT.

Table 5: Chlorophyll content at 2, 4, 6, 8 and 10 weeks after transplanting as influenced by stillage, cattle, goat and chicken manure. 
Weeks after transplanting
----------------------------------------------------------------------------------------------------------------------------

Treatment Cultivar 2 4 6 8 10
Control Capricorn 74.4 b 82.4 b 87.4 b 89.7 a 90.6 a

California 73.9 b 81.9 b 87.4 b 91.2 a 91.7 a
Stillage Capricorn 75.6 a 83.6 a 89.1 a 91.4 a 91.9 a

California 75.8 a 83.7 a 89.3 a 91.6 a 92.1 a
Cattle manure Capricorn 58.8 c 65.3 c 69.3 c 71.5 bc 75.0 b

California 58.6 c 65.1 c 70.3 c 72.4 b 75.9 b
Goat Manure Capricorn 55.8 e 62.3 e 66.3 d 69.4 c 70.9 c

California 58.5 c 65.0 c 69.0 c 71.3 bc 72.8 c
Chicken manure Capricorn 56.9 d 63.4 d 67.4 d 71.2 bc 72.7 c

California 56.8 d 63.4 d 67.4 d 71.4 bc 72.9 c
Mean values within the same column followed by the same letter are not significantly different from each other at P  0.05. Mean separation by DNMRT. 

Fig. 1: Effects of organic fertilisers on total number of flowers per plant in green pepper. Bars followed by the same letter
not significantly different. Mean separation performed using DNMRT at P 0.05.

Fig. 2: Effects of organic fertilisers on the total number of fruits per plant in green pepper. Bars followed by the same
letter are not significantly different from each other. Mean separation performed using DNMRT at P 0.05.
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Fig. 3: The effects of organic fertilisers on total yield per hectare in green pepper. Bars followed by the same letter are
not significantly different from each other. Mean separation performed using by DNMRT at P 0.05.

Fig. 4: Effects of organic fertilisers on fruit diameter in green pepper. Bars followed by the same letter are not
significantly different from each. Mean separation performed using DNMRT at P 0.05.

Fig. 5: Effects of organic fertilisers on dry matter content in green pepper. Bars followed by the same letter are not
significantly different from each. Mean separation performed using by DNMRT P 0.05.

yield in cultivar California Wonder. Cultivar California (Figure 5, 6 and 8). The difference was only observed in
Wonder had smaller fruit size as compared to variety potassium  levels  since stillage treatment had higher
Capricorn. Similarly, cultivar California Wonder also had levels of potassium than the other treatments (Figure 7).
higher number of fruits per plant hence the more yield The highest dry matter content  was  obtained from
[29]. The lowest yield was obtained  from  the  goat cultivar Capricorn under stillage treatment but was not
manure treatment. significantly higher than all the other treatments in all

Quality: There were slight differences between the on the dry matter content. The dry matter content was
different organic fertiliser treatments in terms of quality almost the same in all treatments and cultivars. For TSS,
parameter which are dry matter content, total soluble there were no significant differences between the control
solids and potassium and iron levels. There were no and stillage treatments. This was because the control and
significant   differences   among  treatments  on  dry stillage consisted of readily available nutrients
matter content, total soluble solids  and  iron  levels immediately    after   transplanting.   Plants under  stillage

cultivars. There were no effects of the different treatments



a ab abc
abc abcabc ab

abc
bc c

5
5.1
5.2
5.3
5.4
5.5
5.6
5.7

Control Stillage Cattle Manure Goat manure Chicken manure

Type of organic fertiliser

%
br

ix

Capricorn California

bc

ab

cd cd cd

ab
a

cd
d

cd

1650
1700
1750
1800
1850
1900
1950

Control Stillage Cattle Manure Goat manure Chicken manure

Type pf organic fertiliser

Po
ta

ss
iu

m
 c

on
te

nt
(P

PM
)

Capricorn California

ab ab ab b abab ab

a

ab b

500

700

900

1100

1300

1500

Control Stillage Cattle Manure Goat manure Chicken manure
Type of organic fertiliser

Ir
on

 c
on

te
nt

(P
PM

)

Capricorn California

Am-Euras. J. Agric. & Environ. Sci., 19 (4): 291-300, 2019

298

Fig. 6: Effects of organic fertilisers on total soluble solids in green pepper. Bars followed by the same letter are not
significantly different from each other. Mean separation performed using DNMRT at P 0.05.

Fig. 7: Effects of organic fertilisers on potassium content in fruit of green pepper. Bars followed by the same letter are
not significantly different from each. Mean separation was performed using DNMRT at P 0.05.

Fig. 8: Effects of organic fertilisers on Iron content in fruit of green pepper. Bars followed by the same letter are not
significantly different from each. Mean separation was performed using DNMRT at P 0.05.

treatment had the highest potassium content in both CONCLUSION
cultivars. This was due to the fact that stillage has a
higher potassium content (about 6%) [27] than all other
treatment fertilisers.

Soil Chemical Properties: The  soil  analysis  revealed
that  all  treatments  increased  significantly  the amount
of phosphorus in the soil (Table 1). The highest
phosphorus was found in the control. The lowest
phosphorus was found in soil applied with chicken
manure. In soil treated stillage had higher potassium
content than all treatments. This was expected since
stillage had the highest potassium [25]. Low potassium
content in soil under the inorganic  fertiliser /control
treatment  was  attributed  to  K  use/uptake  by  the
plants [30].

The results of this study revealed that different bell
pepper cultivars responded differently to the different
organic  fertilisers.  The  highest  growth  parameters
(plant height, stem girth, number of leaves and
chlorophyll content) were obtained in bell pepper
supplied with stillage in both cultivars while the lowest
was observed in bell pepper supplied with goat manure.
The highest yield components were obtained in stillage
treatment in both cultivars while the lowest was obtained
in goat manure treatment. Plants treated with stillage
produced fruits with the high quality on average although
not significantly different from the other treatments in
both cultivars. The control and the stillage treatments
performed better than all other treatments in terms of yield
in both cultivars.
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It is there for recommended that stillage can be used 11. Palada,   M.C.,    A.M.    Davis,    S.M.A.   Crossman,
for green pepper production under field conditions in
Eswatini. It is also recommended that cultivar Capricorn
can be used for bigger fruits while cultivar California
Wonder can be used for higher yields (tons/ha) in green
pepper production. 
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