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ABSTRACT 
 

Okra farmers use inorganic fertilizers which are expensive, they result to water pollution, increases 
the soil acidity, which affects soil nutrients availability and uptake as well as reducing microbial 
activity. Organic manure improves soil physical, chemical and biological properties, and are 
environmental friendly. However, farmers have limited information on the utilization of these organic 
manure sources on growth yield, quality and net economic benefit of okra. A study was conducted 
to determine the effects of rate cattle, goat and poultry manure on okra growth, yield, quality and 
net economic benefit at KALRO-Kandara Centre in Murang’a County between 2018 and 2019. The 
experiment was laid out in randomized complete block design with three replications for two 
cultivations. There were 10 treatments, i.e., 0, 3, 6 and 7 tonne ha

-1
 for cattle and goat manure, and 

0, 3, 5 and 7 tonnes ha
-1

 poultry manure that were applied before planting okra variety Pusa 
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Sawani. Data collected included yield characteristics total fresh pod yield and quality characteristics 
mainly total soluble solids (TSS). Data collected was subjected to analysis of variance using SAS 
statistical software version 9.4 and significantly different means were separated using LSD at α = 
0.05. The results showed that there was significant effect of treatments (p < 0.05) on yield, quality 
and net economic benefit of okra. Poultry manure at the rate of 5t ha

-1
 recorded highest yield while 

control had the least. Goat manure at the rate of 6 tonnes ha
-1

 recorded the highest total soluble 
solids, hence, produced pods of the highest quality of 3.18°Brix and 3.21°Brix for Trial 1 and Trial 2, 
respectively, whereas the control produced pods of lowest quality of 2.31°Brix and 2.34°Brix for 
Trial 1 and Trial 2, respectively. Cattle manure at the rate of 6 tonnes ha

-1
 recorded the best net 

economic benefit of Ksh. 700,267 in Trial 1 and Ksh. 694,320 in Trial 2, while the control gave 
minimal returns of Ksh. 69,158 in Trial 1 and Ksh. 64,320 in Trial 2. This indicates an increase of 
net economic benefit of Ksh. 631,109 in Trial 1 and Ksh. 630,000 in Trial 2 for cattle manure 
compared to the control. The results of this study clearly indicate that in okra production, 
application of different types of animal organic manure can improve the productivity of the okra. 
The study recommends application of 5 tonnes ha

-1
 poultry manure, or   6 tonnes ha

-1
 of goat or 

cattle manure for best growth, yield, quality and net economic benefit of okra.  
 

 

Keywords: Okra; Poultry; goat and cattle manure; yields; nutritional quality; net benefit. 
 

1. INTRODUCTION 
 

Okra (Abelmoschus esculentus L.) is considered 
as an important vegetable in tropical and sub-
tropical regions of the world and as it is valuable 
for supplement of proteins, vitamins and minerals 
in diets of people from the developing countries, 
because they depend on cereal crops, which are 
lacking them [1]. The fruits are used in making 
soup, salad and for flavouring when dried and 
powdered [2] and they contain minerals 
especially calcium, magnesium, iron and 
phosphorus, protein, vitamin A and C including 
riboflavin as well as high mucilage [3]. Despite 
okra being rich in nutrients and with high 
economical potential, little attention is being paid 
to its improvement. Total commercial production 
of okra has reduced due to use of unimproved 
cultivars, limited and high cost of fertilizers and 
irrigation inputs and the limited investments in 
breeding programs that are aimed at enhancing 
its yield [4,5].  
 

Most farmers growing okra depend on inorganic 
fertilizers [6] and among all the various 
vegetables, okra responds well to the fertilizers 
and manures [7]. Although inorganic fertilizers 
play an important role in supplying soil with the 
various nutrients required by crops, the extent to 
which farmers can depend on this input is 
constrained by unavailability of the right type of 
inorganic fertilizers at the right time, high cost, 
lack of technical know-how and lack of access to 
credit [8,9,10]. Inorganic fertilizers are expensive 
and their use may not be economically justifiable 
especially for the poor smallholder farmers who 
mainly practice subsistence farming [11]. Use of 
inorganic fertilizers can improve crop yields and 

soil pH, total nutrient content, and nutrient 
availability, but its use is limited due to scarcity, 
high cost, nutrient imbalance and soil acidity [12].  
Moreover, inorganic fertilizers are usually 
environmental hazard [8,13]. Thus, to reduce and 
eliminate the adverse effects of inorganic 
fertilizers on human health and environment, 
nowadays a new agricultural practice has been 
developed called as organic agriculture, 
sustainable agriculture or ecological agriculture 
[14].   
 

Extensive use of agrochemicals in the 
agricultural fields is among the most prominent 
sources of ground water contamination [15]. It is 
suggested that the use of chemical fertilizer in 
okra production has long-term negative effects to 
the soil biological properties, soil fertility and crop 
yield and quality [6]. Under intensive agriculture, 
long term inorganic fertilizer usage is often 
associated with reduced crop yield, soil acidity 
and nutrient imbalance [3]. Organic agriculture 
which avoids or largely excludes the use 
agrochemicals offers a sustainable alternative 
farming system to minimize the challenges of 
chemical farming [15]. The use of organic 
amendments such as livestock manure is an 
alternative to these detrimental effects of 
inorganic fertilizers because of its wide-                 
spread availability, its additional value for soil 
carbon sequestration, and its capacity for                 
storing and releasing nutrients over a longer time 
period [11]. Livestock manure are a good 
alternative to inorganic fertilizers [9,10]               
because they are locally available renewable 
resources. Livestock manure are excellent 
source of organic matter and soil nutrients and 
the utilization of organic manure in soil fertility 
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management is an integral part of sustainable 
Okra production [16].  
 

Organic fertilizer besides supplying plant 
nutrients, also plays an important buffering role in 
enhancing the cation exchange capacity (CEC), 
improving soils aggregation, increasing water 
holding capacity of the soils, stabilizing its humid 
content, and preventing the leaching of nutrients 
[17,18]. The application of livestock manure to 
soils, unlike synthetic fertilizers, also provides 
organic matter that can enhance infiltration rates, 
improve water holding capacity, increase cation-
exchange capacity [19], and increase soil C 
[20,21,22]. It also provides food for soil micro-
organisms. This increases the activity of 
microbes which in turn helps to convert 
unavailable plant nutrient to available form. To 
maximize the economic value of organic manure, 
their application should match the nutrient needs 
of the crops. However, there is limited 
information on recommended application rates of 
organic manure in okra production. 
 

Many researchers have tried to assess the 
importance of organic manures in crop 
production. Senjobi [23] reported that the use of 
poultry, sheep/goat manure improved all the 
evaluated growth variables of the leaf vegetable. 
Other studies have reported beneficial effects of 
organic manure on soil properties such as bulk 
density soil moisture content, water–holding 
capacity and others soil physical properties 
[24,25]. Organic matter is an important soil 
component that has profound influence on the 
physico-chemical and biological characteristics of 
soil, and most frequently considered as indicator 
of soil quality [26]. Other studies, for example, 
Khandaker [27] reported that some of the organic 
manure may give high yield and growth 
performance on okra. Loss of soil fertility is a 
major problem in crop production in Kenya, 
limiting okra productivity potential [6]. Okra 
production can be practiced on small scale 
farming as well as on large scale farming [4] and 
majority of farmers growing okra depend on 
inorganic fertilizers. During the production 
season, these inorganic fertilizers                             
are in high demand and sellers tend to increase 
their prices to levels where most of the farmers 
cannot afford. Okra production should be 
promoted to diversify on type of crops being 
grown to enable improve the livelihoods of 
farming communities.  
 

Organic manure directly improves the physical, 
biological and chemical conditions of the soil 
[28], soil organic C, total NPK status and 

increase the soil microbial growth [29]. In the 
study area livestock production is a key 
enterprise and their manures are locally available 
and where they are used they are 
environmentally friendly and can stay in the soil 
for a long period of time facilitating continuous 
supply of nutrients to crops. These livestock 
manures can be a potential nutrient source for 
Okra farmers who cannot afford inorganic 
fertilizers due to their high cost and in most 
cases they are unavailable when required, and 
they have a greater negative impact on soil and 
water and may pollute the environment. 
However, farmers have limited information 
regarding the best type and rate of organic 
manure application in okra production and they 
end up mixing all types of organic manures at 
their disposal at varied rates. This results to sub-
optimal rates of application that contribute to 
poor crop growth and development and hence 
low okra yields and quality that results to 
unsustainable production and less economic 
benefit. There is need for more research on 
organic manure sources to be done and the 
information made available to farmers on their 
efficacy. This study therefore aimed at 
determining the effectiveness of cattle, goat and 
poultry manure at different application rates on 
growth, yield, quality and net economic benefit of 
okra. 
 

2. MATERIALS AND METHODS 
 
2.1 Study Site 
 
The study was conducted in two cultivations 
between 2018 and 2019 at Kenya Agriculture 
and Livestock Research Organisation (KALRO), 
Kandara Centre in Murang’a County for two 
cultivations (Trial 1 and 2). The Centre lies within 
coordinates 0

0 
59’ South and 37

0 
04’ East and 

altitude of approximately 1548 m above sea level 
(IERRS Reference Meridian, 2017). It is situated 
approximately 5 Km North of Thika town and 43 
Km from Nairobi (High Level) along the Nairobi-
Murang’a Road. The average annual 
temperature is 19.8 °C and the precipitation 
ranges from 1200 to 1400 mm per annum. The 
site has well drained Humic Nitisols which are 
deep, well weathered with moderate high 
inherent fertility [30]. The rainfall pattern of the 
area is bimodal falling in two seasons, the long 
rains lasting from March through June and short 
rains from October through December, though 
short rains are more reliable. The region does 
well in agricultural activities which involves both 
growing of crops and rearing of domestic 

https://www.frontiersin.org/articles/10.3389/fsufs.2019.00029/full#B14
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animals. The farmers in the area practices crop 
growing like sunflower cow peas, beans, maize, 
bananas, cassava, and vegetables. It is a 
potential okra production region in central Kenya. 
Livestock rearing include: cattle, goat, sheep and 
poultry. 
 

2.2 Experimental Design 
 

The experimental design used was Randomized 
Complete Block Design (RCBD) and was 
replicated three times. There were 10 treatments, 
i.e., 3, 5 and 7 tonnes ha

-1
 of poultry, 3, 6 and 7 

tonnes ha
-1

 for goat and cattle manure and 
control treatment (no application of manure). All 
treatments were applied once during planting. 
The experiment was carried out in two 
consecutive cultivations. The blocks measured 
35.65 by 1.80 m, while each experimental unit 
was of size 3.50 by 2.00 m, i.e., 7.00 m

2
. Each 

block consisted of 4 rows at spacing of 50 cm 
within rows and 50 cm between rows, with each 
row consisting of 7 plants making                            
a total of 28 plants per plot. The plants in area at 
the centre of the two inner rows constituted the 
experimental plot, while the plants in the outer 
area formed the guard rows. 
 

2.3 Planting Materials, Planting and Crop 
Maintenance in the Field 

 

Okra Pusa Sawani variety certified seeds was 
sourced from Simlaw Seeds. The okra seeds 
were planted at a spacing of 0.5 by 0.5 m                  
giving plant population of 40,000 plants per 
hectare. Planting hills of about 10 cm deep                
were dug. Dry Cattle, goat and poultry manure 
that had naturally decomposed by action                                 
of soil organisms and microorganisms was 
applied in the planting hills according to           
the rates of application and thoroughly mixed 
with the soil as per treatment. Two seeds per  hill 
were planted to a depth of 2.5 cm. Routine field 
management practices carried out after    
germination include; weeding, thinning, gapping, 
mulching, irrigation and pest and disease control. 
First weeding was done two weeks after crop 
emergence and involved cultivation and 
uprooting the weeds.  
 

2.4 Data Collection 
 

2.4.1 Soil and organic manure elements 
analysis 

 

In order to investigate the physical and chemical 
properties of the soils of the study site, twenty 
soil samples were taken randomly from the entire 

experimental site in zigzag pattern before 
planting. After planting, ten soil samples were 
taken from each plot for poultry manure at the 
rate of 5 tonnes ha

-1
, goat and cattle manure at 

the rate of 6 tonnes ha
-1

. The soil samples were 
taken from 0-30 cm depth of the soil profile using 
a soil auger. The samples before planting were 
mixed together in order to get one composite 
sample weighing 1 Kg. Alike soil samples from 
specific treatments taken after planting were also 
mixed together to form a composite sample to 
determine the effect of source and rate of 
livestock on soil nutrients. 
 

The composite soil samples were dried and 
crushed to pass through a 2 mm size sieve for 
the analysis of pH. For the determination of total 
nitrogen and organic carbon, the soil sample was 
passed through 1 mm pore size sieve. The soil 
was analysed for pH, organic carbon, total N and 
available P. Soil pH was measured from a 
suspension 1:2.5 soil-water ratio using an 
electrodes pH meter [31]. The organic carbon 
content of the soil was determined by the 
volumetric method [32]. Total nitrogen was 
estimated by the Micro-Kjeldahl method with 
sulphuric acid [33]. Available phosphorous was 
estimated by the Olsen method [34]. A sample of 
poultry, goat and cattle manure were tested at 
National Agricultural Laboratories at KALRO 
Kabete, to find out the total nitrogen, organic 
carbon, phosphorous, potassium, calcium, 
magnesium, copper, iron, zinc, and sodium. 
 

2.4.2 Effects of source and rate of livestock 
manure on yield okra 

 

The numbers of green pods per plant were 
counted at every picking day from ten randomly 
selected and tagged plants in each plot. The total 
numbers of pods obtained from the selected 
plants were divided to get the average number of 
pods per plant. Yield obtained at each harvest 
from the net plot area was summed up as 
marketable and unmarketable yield and 
converted to a hectare basis. This was used to 
calculate the net economic benefit. The sum of 
above ground parts of ten selected plants was 
weighed in grams. The number of plant in the net 
area of each plot was counted two weeks i.e. 
fourteen days after sowing and at the time of the 
last harvest. 
 

2.4.3 Effects of source and rate of livestock 
manure on quality of okra fruit 

 

2he total Soluble Solids (TSS) content of pods 
was evaluated using Atago 8469 hand-held 
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refractometer (Atgo Co. LTD., Tokyo, Japan) and 
was expressed as percentage Brix (% Brix). The 
samples were collected from each treatment 
used. The samples then were cleaned and air 
dried, weighed about 1g for each treatment using 
electronic balance. The weighed samples were 
crushed in mortar and pestle and 1 ml of distilled 
water was added to the refractometer sensor. 
The readings showed in percentage and the data 
were recorded. 
 
2.4.4 Effects of source and rate of livestock 

manure on net economic benefit of okra 
 
Okra productivity was determined by use of total 
yield, plant height, number of leaves and number 
of pods per plant while net economic benefits 
was determined using the cost of manure, 
amount of manure applied, labour of application 
and the yield obtained. The productivity and 
economic analysis for the three animal manure 
applied in comparison to the control plots. 
According to Nweke [35], the use of inputs as soil 
amendments in the form of organic manure has 
been found useful in improving the productivity of 
the soil which in turn increase the yield of crops 
resulting to high profit.  
 

2.5 Data Analysis 
 
The data obtained were subjected to analysis of 
variance (ANOVA) using the SAS version 9.4 
[36]. Significant means were separated using the 
Least Significant Difference (LSD) test at 5% 
probability levels. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Soil and Manure Analysis before 
Planting 

 
Analysis of soil samples indicated that most of 
the elements were adequate for crop growth 
(Table 1). Soil pH was slightly acidic, total 
organic carbon was moderate, nitrogen and 
phosphorus were deficient and magnesium was 
high. Chemical properties of the poultry manure 
used showed a moderate level of phosphorus, 
potassium, calcium, and carbon while 
magnesium was low (Table 2). The chemical 
composition of the organic manure used in this 
study showed that they contain nutrients that are 
useful to plant growth and development. The 
high organic carbon content of the animal 
manure is an indication of abundant organic 

matter which plays an important role                             
as reservoir of soil nutrients, buffer the soil 
reaction, binding the soil particles to form good 
soil tilth and stimulating the activity of soil 
organisms [17]. According to Oghaiki [37] 
manure contains important plant nutrients                  
such as N, phosphorus (P), potassium (K),                 
and other secondary nutrients and trace 
elements. 

 
Udoh [38] demonstrated an excellent use of 
animal dung and plant residues to improve soil 
fertility, fruit nutrient composition, root growth and 
fruit weight of okra plant. Animal manure 
provides food for soil micro-organisms. This 
increases the activity of microbes which in turn 
helps to convert unavailable plant nutrient to 
available form [23]. All these enhance and 
sustain the fertility of soil for good crop 
production. Since the manure analysis indicated 
that poultry manure had the highest levels in 
some of the nutrients elements, the study tried to 
test the effects of reducing the level of poultry 
manure with 1 tonne ha

-1
 to the growth, yield, 

quality and economic benefit of okra. 
 

3.2 Yield of Okra per Hectare  
 

The analysis of variance showed that the 
treatments had a significant effect on yield per 
plant over two cultivations. The yield of Okra 
ranged from 3.08 to 8.64 MT/ha in trial 1          
and 3.04 to 8.54 MT/ha in the repeated  trial 
(Table 3). Incorporation of livestock manure 
increased okra yield per plant. There was a 
significant effect for all treatments in both Trials. 
Application of poultry manure at the rate of 5 
tonnes ha

-1
 gave the highest yield in both trials 

with a significant increase in yield by 5.56 and 
5.50 MT/ha in trial1 and 2, respectively in 
comparison to control treatment. Compared to 
control, incorporation of cattle manure at the rate 
of 6 tonnes ha

-1
 significantly increased yield per 

plant by 5.36 and 5.35 MT/ha in both Trials, 
respectively. Similarly, the yield per plant 
significantly increased by 4.87 and 4.81 MT/ha in 
Trial 1 and 2, respectively at incorporation of 
goat manure at the rate of 6 tonnes ha

-1
 in 

relation to the control treatment (Table 3). 
 
When cattle manure was applied at the rate of 7 
tonnes ha

-1
, it significantly increased yield by 

3.08 and 2.76 MT/ha in Trial 1 and 2, 
respectively compared to the control treatment. 
Likewise, compared to control, goat manure
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Table 1. Chemical properties of soils sampled at the study site before planting  
(0 - 30 cm depth) 

 

Fertility results Value Remarks 

Soil pH 6.15 Slight acidic 

Total Nitrogen (%)  0.15 Low 

Total organic carbon (%) 1.61 Moderate 

Phosphorus (ppm) 25 Low 

Potassium (% mill equivalent) 1.04  Adequate 

Calcium (% mill equivalent) 7.3 Adequate 

Magnesium (% mill equivalent) 3.60 High 

Manganese (% mill equivalent) 1.13 Adequate 

Copper (ppm) 1.65 Adequate 

Iron (ppm) 36.7 Adequate 

Zinc (ppm) 51.5 Adequate 

Sodium (% mill equivalent) 0.18 Adequate 
 

Table 2. Nutrient composition of organic manure used in the study 
 

Manure Source  N % P (ppm) K (Me) Organic C (%) Mg (Me) Ca (Me) 

Poultry 3.16 1.85 0.72 27.35 1.08 1.35 

Goat 2.72 1.02 0.56 21.07 0.49 0.95 

Cattle 2.65 0.89 0.43 37.93 0.56 0.84 
N = Nitrogen; P = Phosphorus; K = Potassium; C = Carbon; Ca = Calcium; Mg = Magnesium;  

Me = mill equivalents 
 

Table 3. Yield of okra in metric tonnes per hectare 
 

Treatments Yield (MT/ha) 

Manure Source Manure Rate (tonnes/ha) Trial 1 Trial 2 

Control 0 3.08j 3.04j 

Poultry  3 5.14g 5.10g 

 5 8.64a* 8.54a 

 7 5.74f 5.56f 

Goat 3 4.56i 4.29i 

 6 7.95c 7.85c 

 7 5.89e 5.64e 

Cattle 3 4.95h 4.60h 

 6 8.44b 8.39b 

 7 6.16d 5.80d 

 CV 1.97 1.97 

 LSD 0.0083 0.0051 
*Means with the same letter along the column are not significantly different. CV=Coefficient of Variation; 

LSD=Least Significant Difference. 

 
at the rate of 7 tonnes ha

-1
 increased yield by 

2.81 and 2.60 MT/ha in both Trials, respectively. 
Significant increase in yield by 2.66 and 2.52, 
2.06, 1.87 and 1.56 and 1.42 and 1.25 MT/ha in 
trial 1 and 2, respectively was recorded upon 
application of poultry manure at the rate of 7 and 
3 tonnes ha

-1
, cattle manure at the rate                      

of 3 tonnes ha
-1

 and goat manure at the rate               
of 3 tonnes ha

-1
 compared to control treatment 

(Table 3). 

The okra pod production was significantly higher 
for all sources and rates of application of animal 
manures compared to control treatment. These 
findings are in agreement with those of Abbas 
[39] who reported that application of organic 
fertilizers like poultry manure and compost as 
well as its mixture with full NPK considerably 
increase the growth and total yield attributes of 
Okra. In this study poultry manure significantly 
increased the okra yields. Vikas [40] reported 
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that poultry manure is easily solubilized hence 
having impact on improved nutrient                  
availability, infiltration rate and water holding 
capacity of the soil. The results of this study 
suggest that livestock manure has great potential 
for okra productivity. The superiority of poultry 
manure among these three sources could be 
attributed to more nutrients levels in most 
elements especially nitrogen. This confirms the 
findings of Katung [41] and Akanbi [42] who 
indicated that application of N has been reported 
to significantly increase growth and fruit yield of 
okra. Significantly higher flower and fruit 
production in okra due to high levels of nitrogen 
has also been reported by Sharma [43] and 
Akanbi [42]. Sha [44] reported that nitrogen 
occupies a conspicuous place in plant metabolic 
system. All vital processes in plants are 
associated with protein, of which nitrogen is an 
essential constituent. Consequently, to get more 
crop production, nitrogen is indispensable and 
unavoidable. 
 

However, poultry manure at the rate of 5 tonnes 
ha

-1
 and cattle and goat manure at the rate of 6 

tonnes ha
-1

 was more productive in their 
respective sources of manure. This is an 
indication that these may be the optimal rates in 
okra production. Results of this study at sub-
optimal rates confirms this. Okra growing on 
poultry manure performed best in terms of                    
plant height, number of leaves, number of 
branches as well as pod number. This                  
shows that poultry manure was readily available 
and in the best form for easy absorption by the 
plant roots, hence there is a boost in the 
morphological growth of the plant thus most 
productive. The fact cattle manure was more 
productive than goat manure would be                  
because cattle manure had the highest                  
organic carbon hindering leaching of nutrients 
hence the nutrients are utilized in plant 
morphological growth resulting to increased 
production. This is in line with the findings                      
of Asgharipour [17] who recorded that the                   
high organic carbon content of the animal 
manure is an indication of abundant                      
organic matter which plays an important                        
role as reservoir of soil nutrients, promoting                
plant growth. This could also be that                   
nutrients in cattle manure are more readily 
available, easily absorbed and utilized by okra 
plants. 
 

Although application of 3 tonnes ha
-1

 and 7 
tonnes ha

-1
 did better than the untreated control, 

poor results were observed in terms of crop 

productivity. The findings of the study suggest 
that these may be sub-optimal rates. Deviation 
from the optimum rate results in negative effects 
to both plant growth and production. The findings 
are in agreement with Zhang [45] who indicated 
that too much application of livestock manure 
leads to accumulation of nutrients in the soil 
especially P which builds up in the soil               
causing negative effects on plant growth and 
productivity. 
 

3.3 Effects of Source and Rate of 
Livestock Manure on Okra Fruit 
Quality  

 

The analysis of variance showed that the 
treatments had a significant effect on quality per 
plant. Total soluble solids (TSS) ranged                       
from 2.31 to 3.18 °Brix) in trial 1 and 2.34                       
to 3.21 (°Brix) in trial 2.  Plots applied with                   
goat manure at the rate of 6 tonnes ha

-1
 gave                 

the highest total soluble solids on both                      
trials. Incorporation of cattle manure at the                     
rate of 6 tonnes ha

-1
 increased TSS by 0.73                  

and 0.76 °Brix) in trial 1 and 2, respectively 
compared to control treatment. Control         
treatment produced pods of the least TSS            
(Table 4). 
 

Organic manure generally improves the soil 
physical, chemical and biological properties 
along with conserving the moisture holding 
capacity of soil and thus resulting in enhanced 
crop productivity and also maintaining the quality 
of crop produce [46;47]. This agrees with the 
findings of Maaz [48] who recorded that growing 
of crops through organic manure contained non-
toxic chemicals, produce have good taste and 
maintained better health. According to Schoenau 
[19], Bogaard [49], and Oghaiki [37] manure 
contains important plant nutrients such as N, 
phosphorus (P), potassium (K), and other 
secondary nutrients and trace elements, with 
farmers all over the world having discovered its 
benefits and associated it with increased crop 
production as well as  improving the crop               
quality. The lowest level of TSS was found in 
absolute control devoid of the livestock manure. 
It was observed that TSS could highly be 
increased with the application of livestock 
manure along with recommended rates of these 
livestock manure. Goat and cattle manure                            
at the rate of 6 tonnes ha

-1
 produced             

significantly high total soluble solids, which was 
statistically significant (p < 0.05). This is an 
indication that nutrient elements in the two               
types of animal manure improve the quality of 

https://www.frontiersin.org/articles/10.3389/fsufs.2019.00029/full#B54
https://www.frontiersin.org/articles/10.3389/fsufs.2019.00029/full#B54
https://www.frontiersin.org/articles/10.3389/fsufs.2019.00029/full#B7
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okra fruits. The findings of this study suggest         
that the gradual release of nutrients in goat              
and cattle manure as opposed to poultry             
manure may be of great contribution to the            
high total soluble solids and hence the best 
quality. 
 

Low total soluble solids recorded by the three 
sources of manure at the rate of 3 tonnes ha

-1
 

could be as a result of very low nutrients 
available at that rate. The low amount of 
nutrients absorbed most of them were used in 
growth stage such that during the production 
stage most of the nutrients were deficient leading 
to the production of pods of low quality. 
Consequently, the low levels of total soluble 
solids recorded by the three livestock manure 
sources 3 tonnes ha

-1
 could be due to release of 

too much nutrients which may have led to 
interference with absorption and physiological 
processes of the plant therefore lowering the 
quality of the Okra fruits produced. 
 

3.4 Effects of Source and Rate of 
Livestock Manure on Economic 
Benefit of Okra  

 

The analysis of variance showed that the 
treatments had a significant effect on gross 
income per plant. Gross income per trial for 
different treatment were computed (Table 5). The 
income ranged from Ksh. 369,060 to Ksh. 
1,037,224 in trial 1 and Ksh. 364,320 to                   
Ksh. 1,025,280 in trial 2. Incorporation of 
livestock manure significantly increased gross 

income. Poultry manure at the rate of 5                 
tonnes ha

-1 
gave the highest gross income in 

both trials resulting to significant increase by 
Ksh. 668,164 and Ksh. 660,960, respectively 
compared to control treatment. Similarly, 
application of cattle manure at the rate of 6 
tonnes ha

-1
 significantly increased gross                

income by Ksh. 643,207 and Ksh. 642,000 in 
both Trials, respectively compared to control. 
Control experiment recorded the least gross 
income. 
 

Total cost in the production of okra ranged from 
Ksh. 300,000 to Ksh. 340,000 (Table 6). 
Incorporation of poultry manure at the three rates 
tested significantly increased total cost compared 
to other treatments.   Application of poultry 
manure at the rate of 7 tonnes ha

-1
 recorded the 

highest total cost. However, total cost for 
application of cattle and goat manure at the 
same rates (7 tonnes ha

-1
, 5 tonnes ha

-1
 and 3 

tonnes ha
-1

) did not differ. The least cost of 
production was observed in plots without 
application of any manure (control plots).  The 
analysis of variance showed that                               
the treatments had a significant effect on net 
profit.  The net economic benefit                             
was arrived at by deducting total cost of 
production from gross income for each treatment. 
Net profit ranged from Ksh. 69,158 to Ksh. 
700,267 in trial1 and Ksh. 64,320 to Ksh. 
694,320 in the repeated trial. Cattle manure at 
the rate of 6 tonnes ha

-1
 gave the highest net 

profit. Control treatments recorded the least net 
profit in both trials (Table 7). 

 

Table 4. Total soluble solids of okra fruit under different treatments 
 

                       Treatments Total soluble solids (°Brix) 

Manure source Manure rate (tonnes/ha) Trial 1 Trial 2 

Control  0 2.31g 2.34e 

Poultry  3 2.36g 2.41e 

 5 2.72c* 3.02b 

 7 2.51f 2.53d 

Goat  3 2.58de 2.60cd 

 6 3.18a 3.21a 

 7 2.62d 2.69c 

Cattle  3 2.52ef 2.54d 

 6 3.04b 3.10b 

 7 2.60d 2.67c 

   2.27 2.27 

  0.0653 0.1006 
*Means with the same letter along the column are not significantly different. CV=Coefficient of Variation; 

LSD=Least Significant Difference. 
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Table 5. Okra productivity in Ksh/ha under different treatments in two trials 
 

                       Treatments Gross income (Ksh./ha) 

Manure source Manure rate (tonnes/ha) Trial 1 Trial 2 

Control  0 369060j 364320j 

Poultry 3 617120g 611520g 
 5 1037224a* 1025280a 
 7 888960f 666840f 

Goat  3 569543i 515280i 
 6 953920c 941760c 
 7 703227e 676720e 

Cattle  3 594443h 551920h 
 6 1012267b 1006320b 
 7 738907d 696080d 

 CV 1.97 1.97 
 LSD 7788.50 742.64 

*Means with the same letter along the column are not significantly different. CV=Coefficient of Variation; 
LSD=Least Significant Difference. 

 
Table 6. Total cost of production 

 
Manure Source Manure Rate 

(tonne/ha) 
Cost/tonne 
(KSh) 

Amount Other costs Total 
expenses/ha 

Control  0 0 0 300,000 306,000 
Poultry  3 6,000 18,000 300,000 326,000 
 5 6,000 30,000 310,000 340,000 
 7 6,000 42,000 312,000 354,000 
Goat  3 2,000 6,000 300,000 306,000 
 6 2,000 12,000 308,000 312,000 
 7 2,000 14,000 300,000 314,000 
Cattle  3 2,000 6,000 300,000 306,000 
 6 2,000 12,000 300,000 312,000 
 7 2,000 14,000 300,000 314,000 

 
Table 7. Net profit of Okra production under different treatment in two trials 

 
                    Treatments                Net profit 

Manure source Manure rate (tonne/ha) Trial 1 Trial 2 

Control  0 69158h 64320j 

Poultry  3 291120f 285520g 
 5 696724a* 685280b 
 7 334960e 312840f 

Goat manure  3 263543g 209280i 
 6 641920b 629760c 
 7 389227d 362720e 

Cattle manure  3 288443f 245920h 
 6 700267a 694320a 
 7 424907c 382080d 

 CV 1.97 1.97 
 LSD 7841.40 742.64 

*Means with the same letter along the column are not significantly different. CV=Coefficient of Variation; 
LSD=Least Significant Difference 

 
Different sources and rates of animal manure 
application gave significantly higher net profit 
compared to control treatments. This is despite 

low cost of production accruing form control 
treatment, in terms of labour and input costs. 
This could be explained by the fact that control 
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treatment recorded the least number of leaves, 
branches, pods and the shortest plant height per 
plant resulted to the lowest production. When a 
few okra pods produced were converted into 
monetary form actually the net profit was not only 
the lowest but was also very minimal. This study 
suggest that the resultant net profit may be not 
worthwhile bearing in mind that the crop took 
three months to attain the little profit. Although 
poultry manure differed significantly with other 
livestock manure sources applied and the control 
treatment in terms of number of leaves and 
branches, plant height and okra yield, it had poor 
it had poor net economic benefit. This could be 
attributed to the high cost of poultry manure to 
other animal manure tested despite the selling 
price of okra pods being the same. This resulted 
to reduction in net profit. The low net profit could 
also be as a result of plots where poultry manure 
was applied being much acidic after the harvest. 
This means that for most of crop plants to do 
better in such fields liming should be done. Again 
this increases the cost of production and hence 
reducing the net profit. 
 
Net economic benefit from plots treated with 
cattle and goat manure at the rate of 6 tonnes ha

-

1
 gave highest returns. This finding suggest that 

this could be due to relatively low manure prices 
which led to great reduction in costs which in turn 
resulted to high returns. This could also be due 
to soil pH being at the suitable range for most of 
other crops therefore foregoing the cost which 
could be incurred in poultry manure and hence 
maximising on the profit. Nevertheless, poultry 
manure at this rate of application recorded the 
highest net economic benefit. The findings 
suggest that the reason for poultry manure gave 
more profit than goat manure at the same rate 
could only be due higher productivity since all the 
other cost incurred by the two types of manure 
were constant. The findings of this experiment 
suggest that cattle manure has the best returns 
than the goat manure. Low productivity recorded 
by 7 tonnes ha

-1
 could be as a result of highest 

cost of manure despite the fact that yield was low 
resulting to low net profit. Similar low net profit 
was observed on manure at 3 tonnes ha

-1
. This 

study suggests that even though manure cost at 
this rate was relatively low, yield was also very 
low and hence there could be no break even. 
However, higher net benefit was observed 
irrespective of the organic manure source. The 
findings of this study agree with Akter [50] who 
reported that organic manure appeared to be 
more remunerative in augmenting the yield and 
economic return in Okra production [51]. 

4.  CONCLUSION 
 
Findings showed that application of livestock 
manure can enhance Okra yield, quality, and net 
benefit. There was significant effect of 
incorporation of poultry, goat and cattle manure 
on yield and the general productivity of okra. 
Optimum rates remained at 5 tonnes ha

-1
 poultry 

manure and 6 tonnes ha
-1

 goat and cattle 
manure. Poultry manure at the rate of 5 tonnes 
ha

-1
 was most productive. Application of poultry, 

goat and cattle manure had significant response 
on quality of okra pods. Pods with highest Total 
Soluble Solids were produced by goat manure at 
the rate of 6 tonnes ha

-1
. There was significant 

response of incorporation of poultry, goat and 
Cattle manure on Net Economic Benefit in Okra 
enterprise. At optimum rates, cattle manure at 
the rate of 6 tonnes ha

-1
 recorded highest Net 

Economic Benefit. The study recommends 
incorporation of poultry manure at the rate of 5 
tonnes ha

-1
, goat and cattle manure at the rate of 

6 tonnes ha
-1

 to enhance the yield of Okra. Goat 
manure should be applied at the rate of 6 tonnes 
ha

-1
 to enhance production of high quality and 

cattle manure at the rate of 6 tonnes ha
-1

 for 
maximum net economic benefit in Okra. 
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