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ABSTRACT 

 

Field and pot trials were conducted during the 2012 rainy season at the Research Farm of 

the Institute for Agricultural Research Samaru and in the Orchard of the Department of 

Agronomy, Ahmadu Bello University, Zaria to evaluate the effects of levels of NPK 

fertilizer (0, 50, 100 kg ha
-1

) and poultry manure (0, 2, 4 t ha
-1

) on the performance of two 

okra varieties (Clemson spineless and Ex-Samaru-4). The designs used were Randomized 

Complete Block Design (RCBD) and Complete Randomized Design for field and pot 

trials respectively, replicated and repeated three times in all possible factorial 

combinations. Results showed no significant difference in days to 50% flowering, 100-

seeds weight, fruit length, fruit diameter and plant height when NPK fertilizer was varied 

from 0 to 100 kg ha-
1
, but at 7 WAS, significantly increased, and gave higher number of 

leaves per plant (9.0 and 7.0), number of primary branches per plant (5.0), shoot fresh 

weight (44.9 g), number of fruits per plant (5.0), number of seeds per pod (80) and fruit 

weight (17 g) from 0 to 50 kg NPK ha-
1
 in both trials. Other parameters were 

significantly at par. Application of poultry manure from 0 to 2 t ha-
1
 significantly 

increased plant height, number of leaves per plant, shoot fresh weight and days to 50% 

flowering, a further increase to 4 t ha-
1 

gave parameters that were at par. But varying 

poultry manure from 0 to 4 t ha-
1
 significantly increased number of primary branches per 

plant and fruit yield in both field and pot trials. Significant interactions were observed on 

variety and poultry manure on number of fruits per plant, variety and NPK fertilizer on 

shoot dry weight, NPK fertilizer and poultry manure on number of primary branches per 

plant and between poultry manure and variety on number of leaves per plant. Okra 

variety Clemson spineless significantly gave taller plants, longer fruits and fewer days to 

50 % flowering than variety Ex-Samaru-4, however both varieties were statistically at par 

on fruit yield kg ha-
1 

in both trials. A highly significant and positive correlation were 

obtained between okra fruit yield and plant height, number of leaves per plant, number of 

fruits per plant, fruit length and fruit weight. Regression analysis carried out indicated 

that NPK fertilizer variation resulted to linear response and poultry manure had a 

quadratic response in both trials. Based on the result obtained in this study, it could be 

suggested that for good growth and yield of okra at Samaru application of 3.5 t ha-
1 

poultry manure in variety Clemson spineless should be recommended. 
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CHAPTER ONE 

1 INTRODUCTION 

1.1 Origin and Distribution 

 

Common Okra (Abelmoschus esculentus L. Moench) is a popular vegetable in tropical 

and sub-tropical countries of the world; it is grown for its “pod” (Ogeniyi and Folorunso, 

2003). It is a member of the hibiscus family, Malvaceae and has the typical floral 

characteristics of that family originating from Africa. It is now widely distributed in the 

tropics including Nigeria (National Research Council, 2006). It is an important vegetable 

crop occupying a land area of 277,000 hectares with a production of 731,000 metric tons 

worldwide and productivity of 2.63 t ha
-1

 in Nigeria (FAO, 2006). Okra is also believed 

to be found in its wild state on the alluvial banks of the Nile and the Egyptians were the 

first to cultivate it in the basin of the Nile (12
th

 century BC). The crop is native to West 

Africa and has become established in the wild in some new world tropical areas. Okra 

was domesticated in West and Central Africa (Kochhar, 1986) and known as „okro‟ in the 

Anglophone African countries as a fast growing common annual vegetable widely 

consumed in Africa (Schippers, 2000).  

It ranks above other vegetable crops such as Amaranths, lettuce Cabbage etc (Babatunde 

et al., 2007), it is one of the home garden vegetables popularly grown and consumed in 

the tropics (Fayemi, 1999). According to CBN (1996), the average rate at which 

vegetables crop are grown including okra production in Nigeria between 1989 and 1993 

was 14.0 % compared to 6.4 % of cassava and 3.8 % for maize. The plant is tolerant to 

drought stress (Majanbu et al., 1985); however, supplementary irrigation may be 
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necessary during extended drought periods for a satisfactory yield. In Nigeria, the widely 

cultivated okra is distributed and consumed either fresh (usually boiled, sliced or fried) or 

in a dried form (Fatokun and Chedda, 1983). The approximate nutrient content of the 

edible okra pod is as follows: water, 88%; protein, 2.1%; fat, 0.2%; carbohydrate, 8.0%; 

fibre, 1.7% and ash, 0.2% (Tindall, 1983). However, the nutritional quality of okra can be 

influenced by the application of organic fertilisers, such as liquid seaweed, with the 

following composition, according to Zodape et al., (2008): carbohydrate, 7.39%; protein, 

28.04%; and dietary fibre, 35.55%. The oil content in the seeds could be as high as that in 

poultry eggs and soybeans (Akinfasoye and Nwanguma, 2005). 

1.2 Soil and Climatic Requirements 

 

Okra requires a moderate rainfall of 80 – 100 cm well distributed to produce its young 

edible fruits. An average temperature of 20°C to 30°C is considered optimum for growth, 

flowering and fruiting (Rice et al.,1987). Seeds will only germinate in relatively warm 

soils, no germination occurs below 16
0
C. A monthly average temperature range of 20

0 _ 

30
0
C is considered appropriate for growth, flowering and development (Tindall et al., 

1986). A wide range of soil types has been found suitable even though it was found that it 

thrives best in a moist friable, well-drained soil (Eke etal., 2008). In Nigeria, production 

is mainly during the warm season, although it can be grown all the year round depending 

on the varieties. The pH of about 6.0 to 6.8 is recommended for okra production 

(Kochlar, 1981). 
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1.3 Cultivation 

 

The land on which okra is to be cultivated should be well ploughed and harrowed in order 

to create a favourable environment for its growth. In the dry season, it is grown on ridges 

or on beds at a favourable environment for its growth. While in the wet season, it is 

grown on ridges or on beds at a spacing of 40-45 cm at a rate of three seeds per hole and 

later thinned to one plant per stand. Okra is predominantly grown in Nigeria during the 

wet season; it is limited to the irrigation sites during the dry season especially in Fadama 

(Daniel and Kalko, 1982). The cultivation of okra is mostly done by small scale farmers 

and the harvests are sold for some extra income which also helps for the cultivation of 

staples, after the need for subsistence has been adequately met. It is grown mainly as an 

intercrop with maize, groundnuts, yams, cassava, melon or other vegetables (Nath, 1976). 

In most cases the crop is intercropped with other field crops at a population lower than 

the 10,000 plants ha-
1 

recommended for okra production (Udoh et al., 2005). In some 

regions, it is grown as sole crop during the late wet season. The late season crop when 

harvested may be dried and stored for the use in the dry season when fresh pods are not 

likely to be readily available in the market. In the fresh form, okra fruits are highly 

perishable except when stored frozen. 

1.4 Uses 

 

Okra is mainly cultivated for its “pods” which are cooked and eaten in African countries 

like Nigeria, Egypt and Sudan. It is also important in other tropical areas including Asia 

and South America, fresh okra fruits are used as vegetable while the roots and stems are 

used for preparing brown sugar (Chauhan, 1972). Okra pods are used for oil extraction. 
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The protein found in okra is very important in human diet, it helps to build muscle tissue 

and make up enzymes which control all the hormones that control the organ. The soluble 

fibre in okra helps to lower serum cholesterol, reducing the risk of heart disease, the other 

half is insoluble fibre which helps to keep the intestinal tract healthy decreasing the risk 

of some form of cancer especially colorectal cancer. Nearly 10% of the recommended 

level of vitamin B6 and folic acid are present in half a cup of cooked okra, vitamins are 

required for good vision, help bone growth, proper circulation of blood and aids digestion 

(Wolford and Banks, 2006).  

Okra is a good source of calcium which helps to keep bone strong and lessen the chance 

of fractures. (Grubben and Denton, 2004). The seeds however can be roasted and used as 

substitute for coffee (Farinde and Owolarafe, 2007). Although okra fruits are one of the 

most commonly harvested fruits in Africa, there are places where the leaves are at least as 

important as the fruits. This is the case in Eastern Nigeria and in the Bongor region in 

western Chad. People mainly collect small, young leaves, or new sprouts after the fruit 

have been collected, the leaf yield in this area is 3-6 t/ha (Dupripez et al., 1989). Fresh 

green fruits of okra considered to be good quality in the Nigerian context, should be 

smooth, short and highly mucilaginous. Fruits that are over matured are generally not fit 

for consumption and therefore, are preserved for seeds (Splittstoessor, 1990).Fruits are 

normally sliced and dried when okra cannot be sold at the market and has become tough 

or hard and unsuitable for use in raw form, but processing allows these fruits to be 

preserved for later use 

. 
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1.5 Justification and Objectives of the study 

 

The use of inorganic fertilizer has not been helpful under intensive agriculture; because it 

is often associated with reduce crop yield, soil acidity and nutrient imbalance (Ojoniyi, 

2000). The extent, to which farmers can depend on this, is constrained by unavailability 

of the right type of inorganic fertilizer at the right time, high cost, lack of technical know-

how and lack of access to credit (Chude, 1999). Hence animal wastes that result to animal 

manure is better alternative and a necessary option for improved okra production 

especially in the Guinea savannah of Northern Nigeria. Poultry manure is relatively 

cheap, readily available and tend to be higher than inorganic fertilizer in terms of yield 

and improvement of soil physical properties. The use of inorganic and organic fertilizers 

as source of nutrient for vegetable crops assumed an increasing importance. Use of 

inorganic fertilizer is still desirable since the land under cultivation is limited, high land 

use intensity as a result of high population, so the demand for higher production is 

pressing. This is particularly more so in vegetable production because it is usually in 

small land scale holdings among many farming families between 0.2 to 2 t ha-
1
in either 

sole, but mostly mixed cultivation. The increasing demand for organic farm produce for 

its attendant health benefits and risk- free characteristic is another dimension to the use of 

organic manure in Agriculture especially in vegetables and fruits production. 

Investigations have indicated that Nigerian Savannah soils are largely deficient in major 

essential nutrients like N, P and K, making it is necessary to supply or enrich the soil with 

other source of nutrients like poultry, cow and goat manures but among all these, poultry 

manure has been found to have higher nutrient concentration (Iken and Amusa, 2004). 

Nutrient elements have specific function in crop growth, development and yield but no 
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single nutrient can produce any meaningful plant growth on its own. The addition of 

organic fertilizers is necessary due to its readily available nutrient concentration and 

relative ease of handling and application. However, in terms of quantity, the amount of 

poultry manure required for cultivation is less, compared to that of cow, goat and sheep 

manure. This made transportation and handling of the poultry manure easier than the rest 

of the organic manures, the nutrient concentration is also higher than that in cow manure. 

This helps our small scale farmers who are the majority to obtain high yield with less 

production cost because the poultry manure is cheaper than the NPK fertilizer. 

In Nigeria the limiting factors in okra production and other vegetables among others 

include weed management, fertilize soil, tillage practice, low yielding varieties and Sub-

optimal planting density (Iyagba et al., 2012). Fertilizer application among the various 

agronomic practices also influenced the growth and green pod yield in okra. Tropical 

soils are adversely affected by sub-optimal soil fertility and erosion, causing deterioration 

of the nutrient status and changes in soil organic population (Economic Commission for 

Africa, 2001). Use of NPK fertilizer can improve crop yields, total nutrient content, and 

nutrient availability. Babatola (2006) recorded an increased yield in okra due to NPK 

fertilizer application. Recommended rates of NPK fertilization vary greatly depending on 

the variety and environment. Windham (1966) recommended between 27 and 54 kg ha
-1

 

N for Clemson spineless okra variety depending on the soil type. Majanbu et al. (1985) 

recommended either 35 or 70 kg ha
-1 

of N depending on the variety. Several authors have 

also reported the importance and different response of okra varieties to different rates of 

NPK fertilizer (Blenner Hassett and El-zaftawi 1986, Khan et al., 2002).  
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Dademel et al. (2004) also reported that higher NPK fertilizer dose of about 150 kg ha
-1

 

will cause an increase in the nutrient uptake and hence tends to increase crop yield. Based 

on these 

The objectives of this study therefore are: 

(i)  To determine the effect of NPK fertilizer and poultry manure on growth, yield and 

yield components of okra. 

(ii) To assess the performance of two okra varieties under the climatic conditions of 

Samaru. 
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CHAPTER TWO 

2 LITERATURE REVIEW 

2.1 Organic Manure 

 

Organic fertilizers are materials added to the soil to supply the essential plant growth, 

development and enhance optimum productivity. The best known organic manure is the 

waste from mixed arable and livestock farming called farmyard manure. Farmyard 

manure is partially rotted straw containing urine and faeces. Other rotting plant remains is 

usually called composts. Un-decomposed materials like straw, organic wastes from 

industrial processes, town refuses and sewage sludge are also referred as manures,FAO 

(1998) highlighted the role of organic matter in sustaining the fertility of soil for good 

production of vegetables by binding the soil, but best performance is obtained on well 

drained fertile soil with adequate organic matter content. Organic fertilizer is a very 

active and important component of the soil. It is the nitrogen reservoirs and furnishes 

large portion of the soil phosphorus and sulphur. It protects soil against erosion and 

supplies the cementing substance for desirable aggregate soil formation. It loosens the 

soil from all available organic fertilizer (Timdal, 1998). 

Adediran etal. (1999) reported that animal manure contains more concentrate than that of 

plant manure. Organic fertilizer must be applied in large quantity to the crop because the 

nutrient concentrate in organic manure is very low compared with that of inorganic 

fertilizer. Manures  are usually applied at higher rates, they give residual effects on 

growth and yield of succeeding crops (Makinde and Ayoola, 2008), improvement of 

environmental conditions as well as the need to reduce cost of fertilizing crops are 
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reasons for advocate use of organic materials (Bayu et al., 2006). Organic manures 

improve soil fertility by activating soil biomass (Ayuso et al., 1996). 

2.1.1 Poultry manure 

 

Poultry manure is an efficient organic fertilizer and also an important source of plant 

nutrient, its addition improves the physical properties of the soil (Reddy and Reddi, 

1995). Its average nutrient content is 3.03 % N, 2.63 % P2O5 and 1.4 % K2O. It has been 

reported that 30% of nitrogen from poultry litter is in urea or ammonium form and hence 

readily available (Sunassce, 2001).  Poultry manure also increased soil organic matter, 

nitrogen, pH, phosphorous and cation exchange capacity Adeniyan, (2003) and Ayeni et 

al. (2008). Poultry manure has a fairly high nutrient composition when compared with 

other sources of animal manure. The quantity of NPK in the poultry manure in 1 tonne is 

considered to be 30 kg/ ton N, 4 kg/ ton P and 24 kg/ ton K respectively (Kari 2000). 

Poultry manure is a good source of major mineral elements that are capable of enhancing 

soil fertility (Thomas, 1997). The fertility of the soil could be sustained with the addition 

of poultry manure; its application in the soil may contribute to combat soil organic matter 

decline and soil erosion (Van-camp et al., 2004)).    

2.1.2 Effect of poultry manure on growth and yield of okra 

 

The organic matter of the soil which can be replenished and maintained by the 

application of poultry manure has been reported by Roddy and Reddi, (1992) as the store 

house of plant nutrients. Nutrients contained in poultry manure and other organic source 

are released more slowly and are stored for longer period in the soil, thereby ensuring 

longer residual effects, improved root development and higher crop yield of okra 
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(Sharma, 1991). Ajari et al. (2003) reported that production of okra with poultry manure 

could increase plant height and number of branches, thus indicating the importance of 

poultry manure on the vegetative growth of okra. This is also in conformity with the 

findings of John et al. (2004) who reported that poultry manure contains essential 

nutrients which are associated with high photosynthetic activities that promote root and 

vegetative growth. Manure application could also improved yield and development of 

okra due to its easy solubilisation effect of released plant nutrient, leading to improved 

nutrient status and water holding capacity of the soil. This is in agreement with the 

findings of Premsekhar and Rajashree. (2009) who also reported a higher yield response 

of okra crop due to organic manure application. Aliyu, (2000) and Dauda et al. (2005) 

made similar observations on okra in their separate studies. Poultry manure play a vital 

role in the contribution of nutrient in okra production, it also act as a store house for 

cation exchange capacity and as a buffering agent against undesirable pH fluctuation 

(Adepetu and Covey, 1987). Poultry manure provide a source of all necessary macro and 

micro-nutrients in available forms, thereby improving the physical and biological 

properties of the soil which could enhanced growth and development of okra plants 

(Abou El-Magd et al., 2006).  

Alasiri and Ogunlela (1999) also reported that application of poultry manure at the rate 

10 t ha
-1

 gave an optimum yield of okra at Owu Southwest Nigeria. Poultry manure could 

increase plant height, number of leaves, number of branches as well as shoot weight of 

okra Ajari et al. (2003). Increase in poultry manure application has a significant effect on 

the vegetative growth of okra plant. This is in contrary to the findings of Onwu et al. 

(2008) that an increase in the application of poultry manure led to an increase in plant 
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height and other growth attributes in okra plant. However poultry manure could be used 

for soil management as it improves soil nutrient status and could be used for sustainable 

production of okra. In support of this, Ano and Agwu (2006) had reportrd that poultry 

manure increase soil pH, macro nutrients, phosphorus and cation exchange capacity of 

the soil which improved okra production. Poultry manure when efficiently and effectively 

used, ensure sustainable okra productivity by immobilizing nutrients that are susceptible 

to leaching (Ogunkeye 1999). Manures are usually applied at higher rates, relatively 

higher than inorganic fertilizers. When applied at high rates they give residual effects on 

the growth and yield of succeeding crops (Makinde and Ayoola 2008). Maerere et al. 

(2001) also reported that poultry manure was frequently used by farmers in most of the 

developing countries for obtaining good quality and quantity of okra. Application of 

poultry manure helps in plant metabolic activity through the supply of some important 

micro nutrients in the early vigorous stage of okra growth, which in turn increase yield at 

the later stage (Anburani and Manivannan 2002) 

2.2 Inorganic Fertilizers 

 

Inorganic fertilizers are synthetic, chemical, artificial material added to the soil that 

supplies one or more required materials for plant growth. Inorganic fertilizers are one of 

the major inputs in crop production. They play a vital role in the improvement of soil 

fertility and enhancement of crop growth and yields. Fertilizer application to crops is a 

necessary condition for good yield of crops in Nigeria due to inherent low fertility status 

of the soils, particularly in the savannah regions the stability of production depends on 

replenishing nutrients removed from the soil by crops, maintaining desirable physical 

condition of the soil, preventing an increase in soil acidity and toxic elements and 
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minimizing or preventing erosion, use of fertilizers is reported to be responsible for over 

50% yield increase in crops (Ayodele, 1993). 

2.2.1 Effect of NPK fertilizer on growth and yield of okra 

 

Fertilizer is a very essential input in crop production. The application of fertilizer is 

necessary in enhancing the soil nutrient status and increasing crop yield. Okra requires 

nutrients such as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), sodium (Na) 

and Sulphur (S) for fertility maintenance and crop production. These nutrients are 

specific in function and must be supplied to plants at the right time and at the right 

quantity. Lack of sufficient amounts of these nutrients result in poor performance of the 

crop with growth been affected resulting to low yield (Shukla and Naik, 1993). Majanbu 

et al (1986) repoted that NPK are the most important macro-nutrients that okra required 

for proper growth and yield. NPK fertilization among the various agronomic practices 

also influenced the growth and yield of okra. Babatola (2006) reported an increased in 

okra yield due to NPK fertilizer application even thought the recommended rates of NPK 

fertilization vary greatly depending on the variety and the environment. Application of 

22.5 kg ha
-1

 N, 22.5 kg ha
-1

 P and 22.5 kg ha
-1

 P is recommended for effective okra 

production Philip et al. (2010). 

A study was conducted at the Teaching and Research Farm ( University of Ado-Ekiti ) to 

determine the effect of NPK fertilizer application rates and method of application on 

growth and yield of okra (Abelmoschus esculentus L. Moench). Okra seeds (variety 

LD88) were treated with three levels of NPK fertilizer (0, 150 and 450 kg NPK ha 
-1

) and 

two methods of fertilizer application (ring and band method). The result indicated that 

NPK fertilizer application significantly increased growth parameters (plant height, leaf 
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area, number of leaves) , yield and yield components with optimum yield of okra 

obtained at 150 kg NPK ha
 -1 

and ring method of  fertilizer application was found to be 

better for okra production (Omotosa and Shittu, 2007).  

Babatola and Olaniyi, (1999) reported a better performance of okra when NPK fertilizer 

was applied and this was in agreement with the findings of Akanbi et al. (2005) who 

observed a great increase in growth and yield of various okra varieties  when NPK 

fertilizer was applied. Babatola et al. (2002) and Kolowole et al. (2008) also reported that 

increasing the rate of NPK fertilizer led to an increase in the growth and performance of 

okra varieties to a great extent. Somkuwar et al (1997) also reported that yield 

components in okra such as fresh fruit yield, fruit weight and number of fruits were 

increased with the application of NPK fertilizer. Application of 250 kg ha
-1 

level of NPK 

(20:10:10) proved effective in ensuring better performance in okra (Babatola and Olaniyi, 

1997). Which is also consistent with the report of federal fertilizer department (2002) 

who recommended the application of 250 kg ha
-1 

level of NPK fertilizer (20:10:10) for 

better performance of okra. This is in contrary to the findings of Obi et al. (2005) for 

reported no significant increase in both fresh fruit yield and weight of okra plants with 

increasing NPK fertilizer treatments. However Akintunde et al. (2000) reported least 

yield components without the application of NPK fertilizer. This showed that application 

of these nutrients are important for enhance yield of okra. This is also in line with the 

findings of Sing (1995) who also reported a great increase in yield of okra with increased 

application in NPK fertilizer. 
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2.3 Effects of NPK fertilizer and poultry manure on growth and yield of okra 

 

Mixing organic and inorganic fertilizers may be a sound soil fertility management 

strategy in many countries. Apart from enhancing crop yields, the practice has a greater 

beneficial residual effect that can be derived from use of either organic or inorganic 

fertilizers applied alone. Okra responds well to the application of poultry manure and 

NPK fertilizer. Makinde et al. (2001) reported that okra (Abelmoschus esculentus) yields 

obtained from the application of a combination of synthetic fertilizer and poultry manure 

improved yield over that from manure alone. Akande et al. (2003) also reported that 

combined use of inorganic fertilizer applied together with poultry manure significantly 

improved growth and yield of Okra (Abelmoschus esculentus L Moench) compared to 

application of each material separately. Lombin et al. (1991) and Katung et al. (1996) 

reported that the use of inorganic fertilizers in combination with organic materials was 

able to give higher and sustainable crop yields than the sole use of inorganic fertilizer or 

animal manure. Agriculture in the present day requires the supply of addition nutrients 

for optimum crop performance. Complimentary use of organic with inorganic fertilizer is 

widely known to be reliable and sustainable soil fertility management strategy. Palm et 

al. (1999) gave the importance of organic and inorganic fertilizers as essential tool in 

okra production; he reported that, the growth of okra plant was markedly influenced by 

the application of poultry manure and NPK fertilizer as observed from the increased plant 

height and number of leaves. Akanbi et al. (2005) also reported that great increase in 

yield of okra when N fertilizer was combined with organomineral fertilizer, application 

of poultry manure and NPK fertilizer greatly enhanced the growth and development of 

okra compared to the untreated controls. Okra grown under combination of poultry 
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manure and inorganic fertilizer tend to improve the fruit yield, and led to a balance in 

nutrient supply. Murmira and kirchmann, (1993) reported that the nutrient use efficiency 

of okra crop is better with mix of poultry manure and NPK fertilizer, nutrients seemed 

more readily available to okra plants with the mixes than the poultry manure or NPK 

fertilizer alone. Application of NPK fertilizer and poultry manure can be used to sustain 

okra production in the tropics. Sing et al. 2004 and Steiner (1991) reported an increase in 

growth components of okra when NPK fertilizer and poultry manure were applied in 

combined. Increased in fruit number, fruit weight and fruit yield of okra was observed in 

the application of 112 kg NPK ha
-1

 and 6 t ha
-1

 poultry manure (Ogunlana, 1995). This 

could be due to the optimum availability of the nutrients to the crop, adequate nutrients 

availability had been indicated to improve growth and yield parameters of okra plant. It is 

reported that when NPK is not limiting, dry matter production, assimilates partition as 

well as organic compound production would not be disturbed. However a shortage in any 

of the nutrient requirements may cause profound effect in the physiological processes in 

the crop (Alasiri 2009). This explains the general higher performance of okra plant 

resulting from the application of NPK fertilizer and poultry manure. 
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CHAPTER THREE 

3 MATERIALS AND METHODS 

3.1 Experimental Site 

 

Field and pot trials for the 2011 rainy season were conducted at the Research Farm of the 

Institute for Agricultural Research, Samaru (11
0 

11
N
, 07

0 
38

0 
E and 686m above sea level) 

and in the Orchard of the Department of Agronomy, Ahmadu Bello University Zaria 

respectively.  

3.2 Soil Sampling 

 

Composite soil samples were taken from 0-30 cm depth prior to land preparation from 

I.A.R field to determine the physico-chemical properties of the soil. Composite soil 

sample at 0-30 cm depth for the pot trial was obtained from area BZ Farm of A.B.U Zaria 

for analysis in the laboratory. 

3.3 Manure Sampling and Analysis 

 

Poultry manure sample of broiler chicken collected from Haf-sabil farm house and 

analysed using routine analysis in order to determine the chemical properties of the 

manure. 

3.4 Treatments and Experimental Design 

 

The treatments consist of two okra varieties (Clemson spineless and Ex-Samaru-4), three 

levels each of NPK fertilizer 20:10:10 (0, 50 and 100 kg ha
-1

) and poultry manure (0, 2 

and 4 t ha
-1

). The field experiment was laid out in Randomized Complete Block Design 



17 
 

(RCBD) with treatments arranged in all possible factorial combinations giving a total of 

18 treatments and replicated three times. For the pot trial it was laid out in Complete 

Randomized Design (CRD) in the Departmental orchard repeated three times. 

3.5 Plot Size 

 

Each gross plot was 4.5 m 4 m long (18 m
2
) and comprises of 6 ridges. While the net 

plot area was 3 m  4 m (12 m
2
) comprising of 4 ridges, at 75 and 40 cm inter and intra 

row spacing. 

3.6 Varietal Description 

3.6.1 Ex-Samaru-4 

 

This variety was obtained from Department of Agronomy I.A.R, Samaru. It is a short 

local variety with broad leaves and few number of branches. It fruits well, but the fruits 

are small in size and posses spines. It is highly mucilaginous and produced few flowers 

compared to some improved varieties. The variety posses fewer number of leaves of 

about 6-7 per plant with 52-54 days to maturity. The variety has a yield potential of fresh 

fruit yield of up to 4 to 6 t ha-
1
. 

3.6.2 Clemson spineless 

 

 The variety was obtained from Department of Crop Protection I.A.R, Samaru. It is a 

variety with medium dark green, angular pods. The fruits are a little bit longer in size 

than in the other varieties, with small diameter. The plant is also a short variety type, with 

broad leaves, but narrower at the edge. The variety is not as mucilaginous as variety Ex-



18 
 

Samaru-4. It posseses fewer number of leaves per plant, fewer days to maturity of 50 to 

52 and number of branches per plant than most of the varieties. It has a yield potential of 

fresh fruit yield of about 5 to 7 t ha-
1
. 

3.7 Cultural Practices 

3.7.1 Land preparation 

 

The land was, harrowed and ridged at 75 cm apart before planting, and for the pot trial 

gravels where available were separated from the soil each plastic pot of  490 cm
2
 cubic 

area was filled with 10 kg of soil.   

3.7.2 Seed treatment 

 

The seeds were treated with seed dressing chemical Apron star (20% w/w thimethoxan, 

20% w/w metalaxyl-m and 2% w/w difenoconazole) at the rate of 10 g per 5 kg of seed 

against fungicides and insecticides.  

3.7.3 Sowing 

 

Three seeds were sown per hole at intra row spacing of 40 cm on ridges. The seedlings 

were thinned to two plants per stand at two weeks after sowing (WAS) in the field trial, 

and to three stands per pot in the pot trial. 

3.7.4 Manuring 

 

Poultry manure was applied 3 days before planting in both trials, by incorporating it into 

the soil along the ridges by making shallow groves about 5 cm as per varied treatments in 
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the field trial. For the pot trial manure was incorporated into the pots as per the varied 

treatments. 

3.7.5 Fertilizer Application 

 

NPK fertilizer was applied by side dressing at 2 WAS as per treatments (0, 50 and 100 kg 

ha-
1
) in both trials. 

3.7.6 Weed control 

 

Glyphosate at 1.4 kg ai ha-
1
 was used prior to land preparation to kill the emerged weeds 

before planting. Hoe weeding was carried out at 3 and 5 WAS in the field trial while for 

the pot trial, weeds were hand pulled on a regular basis. 

3.7.7 Pest and disease control 

 

The okra plants were sprayed against beetles and caterpillars, by applying  (Cyper force) 

which has a systemic and contact action, at the rate of 0.5 litres per hectare (30 mls per 15 

litres of water) four times during plant growth, at four days intervals. Spraying starts from 

3 weeks after seedling emergence, and stopped before the plant starts fruiting, 

3.8 Meteoological data 

 

The rainfall, temperature and relative humidity were obtained from the IAR 

meteorological station Samaru, Zaria throughout the trials. 
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3.9 Observations and Data Collection 

3.9.1 Growth and yield components 

 

Five plants were randomly sampled from each plot in the field, and all the three plants in 

the pot trial were tagged for observation on growth and yield at 3, 5 and 7 WAS. 

3.9.2 Plant height 

 

This was carried out by measuring the heights of the tagged plants with a meter rule from 

the top soil level to the tip of the terminal buds and the average recorded for each of the 

treatment.  

3.9.3 Number of leaves per plant 

 

This was taken by counting all fully expanded leaves on each of the tagged plants and the 

average value was recorded for each of the treatment.  

3.9.4 Number of primary branches per plant 

 

 This was determined by counting all the developed primary lateral branches on each 

tagged plants and the mean value was recorded for each of the treatment. 

3.9.5 Fresh shoot weight 

 

 Plants from the discard of each plot for the field trial were uprooted and shoots were 

separated from the roots and measured using Salter scale and the mean was recorded for 

each of the treatment. 
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3.9.6 Dry shoot weight 

 

 The fresh shoot in 3.9.4 above was placed in an envelope labelled and oven dried at 

temperature of 70
0 

C until it reaches a constant weight, there after weighed and the mean 

recorded for each of the treatment. 

3.9.7 Days to 50% flowering 

 

 This was recorded from daily visible observation covering the period of flower 

emergence up to 50% of the plants population in both the field and pots. Values obtained 

were recorded for each treatment. 

3.9.8 Number of fruits per plant 

 

 Fresh fruits harvested from the tagged plants in the net plot and from the pots in the 

orchard at four days interval and were counted and recorded on per plant basis. Values 

were thereafter summed up from first to last harvest and recorded as per treatment. 

3.9.9 Fruit length 

 

 The lengths of five fruits were taken from the net plot and from the pots, these were 

measured using meter rule and the average was recorded for each treatment. 

3.9.10 Fruit diameter 

 

 Five fruits from the tagged plants in the net plot and the pots were taken and their 

diameters measured, from, with Vernier caliper and the average was recorded for each 

treatment. 
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3.9.11 Fresh fruit weight per plot 

 

 Fresh fruits harvested from the tagged plants in the net plot and from the pots were 

weighed using metoler balance and the average recorded for each treatment. 

3.9.12 Fruit yield (kg ha
-1

) 

 

 This was the sum of weights of four harvests of fruits per plots and pots, thereafter by 

converted to kilogram per hectare (kg ha
-1

). 

3.9.13 Number of seeds per pod 

 

This was determined from the tagged plants randomly selected within each plot and pot. 

The seeds were collected and counted from five randomly selected dry pods from the 

harvest of the tagged plants and the average was recorded for each treatment. 

3.9.14 100-seed weight 

 

100 seeds from pods of the five tagged plants dried in the field and pots were randomly 

sampled, counted, weighted in grams and recorded for each treatment. 

3.10 Data Analysis 

 

The data collected was subjected to statistical analysis of variance to test the significance 

of treatments effect using the F-test (Snedecor and Cochram, 1967). The means were 

separated using Duncan Multiple Range Test (Duncan, 1955). Correlation analysis was 

also carried out to find the magnitude and nature of association between the growth and 

yield parameters (Little and Hills, 1978). Regression analysis was also done to find out 
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the optimum NPK fertilizer and poultry manure rates for maximum yield as suggested by 

Garg and Bansal ( 1972) and Reddy et al. (1987). 
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CHAPTER FOUR 

4 RESULTS 
4.1 Soil and manure Analysis 
 

Physical and chemical properties of soil at the experimental site at 0-30 cm depth (for 

2012 rainy season) and some chemical properties of poultry manure used are presented in 

Tables 4.1 and 4.2 respectively. The results of the soil physical analysis showed that the 

textural class of the soil used for the field trial was clay loam while that for the pot trial 

was sandy clay loam. The analysis indicated that the soils used for both the field and pot 

trials were slightly acidic (5.4 and 6.4), low in organic carbon (0.10 and 0.30) and high in 

total nitrogen. Available phosphorous was moderate. Exchangeable bases in the the field 

trial were high than those in the pot, with Ca, Mg and CEC appeared moderate while K 

and Na were low. Chemical properties of the poultry manure used showed a moderate 

level of K, Ca, total P and Na, while Mg was low. The nitrogen content was high. 

4.2 Plant Height 

 

The effects of NPK fertilizer and poultry manure on plant height of okra varieties for 

both the field and pot trials during 2012 rainy season at Samaru are shown in Table 4.3. 

The result shows that, Clemson spineless significantly produced taller plants than Ex-

Samaru-4 at all sampling periods in both trials. Application of NPK fertilizer had no 

significant influence on plant height throughout the sampling periods in both trials. 

Increase in application of poultry manure from 0 to 2 t ha
-1 

significantly increased the  
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Table 4.1 Physical and chemical properties of experimental site soil at 0-30 cm depth 

 

Physical properties  Field  Pot 

Sand  %  

Silt    % 

Clay   % 

Textural class 

 

Chemical composition 

pH in H2O (1:2:5) 

pH in CaCl2 (1:2:5) 

Organic carbon% 

Total nitrogen% 

Available  

phosphorous mg/kg 

Exchangeable bases 

(Cmol /kg/) 

Ca 

Mg 

K 

Na 

CEC 

 32 

36 

32 

Clay loam 

 

 

5.54 

5.29 

0.10 

1.17 

 

6.83 

 

 

4.00 

3.26 

0.33 

0.50 

8.20 

 49 

27 

24 

Sandy  

clay loam 

 

6.40 

4.51 

0.30 

1.64 

 

9.80 

 

 

2.80 

1.85 

0.35 

0.30 

7.50 
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Table 4.2 Elemental composition of poultry manure used for the experiment during 

2012 rainy season Samaru 

     

 

 

Nutrients 

 

 

Amount % 

 

 

 

 

 

  

 Total K 1.33    

     

Total C 

 

Total Mg  

 

Total Na 

 

Total N 

 

 

Total P 

1.35 

 

0.77 

 

1.35 

 

3.07 

 

 

1.80 
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Table 4.3 Effects of NPK fertilizer and poultry manure on plant height (cm) of okra varieties during   2012 rainy season in 

field and pot trials at Samaru 

Means followed by the same letter within a treatment group are not significantly different at 0.05 level of probability using DMRT. NS = Not significant. 

  

 Plant height (cm) 

  Field    Pot  

Treatment         3WAS 5WAS 7WAS  3WAS 5WAS 7WAS 

Variety(V)        

Clemson spineless 14.81a 21.83a 34.98a  13.34a 24.03a 45.39a 

Ex-Samaru-4 12.44b 18.23b 29.93b  11.73b 19.91b 36.86b 

SE± 0.478 0.535 0.991  0.347 0.843 1.586 

        

NPK rate (kg ha
-1

)        

0 13.23 18.92 30.79  12.43 20.96 38.37 

50 13.84 20.63 33.33  12.04 22.52 42.73 

100 13.78 20.53 33.25  13.13 22.13 42.29 

SE± 0.586 0.655 1.215  0.424 1.033 1.943 

        

Poulty manure 

 t ha
-1

 

       

0 11.44b 16.26b 26.34b  09.46c 17.83c 35.41b 

2 14.67a 21.67a 34.92a  12.79b 21.90b 40.76b 

4 14.74a 22.16a 36.11a  15.36a 25.87a 47.22a 

SE± 0.586 0.655 1.215  0.424 1.033 1.943 

        

Interaction        

V*F NS NS NS  NS NS NS 

V*P NS NS NS  NS NS NS 

F*P NS NS NS  NS NS NS 

V*F*P NS NS NS  NS NS NS 
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Plant height except at 7 WAS for the pot experiment; further increase to 4 t ha
-1

 did not 

affect plant height in the field experiment. However in the pot trial, further increase to 4 t  

ha
-1 

resulted to increase in plant height. None of the treatment interactions on plant height 

were significant at all the sampling period 

4.3 Number of Leaves per Plant 

 

The effects of NPK fertilizer and poultry manure on number of leaves per plant of okra 

varieties during 2012 rainy season in field and pot trials are shown in Table 4.4. The 

result shows that number of leaves per plant was not significantly influenced by varietal 

difference throughout the sampling periods in both field and pot trials. 

Applying 50 kg NPK ha
-1

 at 5 WAS in both trials significantly produced higher number 

of (7.0) leaves per plant than the control, but was statistically comparable with 100 kg 

NPK ha
-1

. Likewise number of leaves produced by 100 kg ha
-1 

was at par with the control 

only for field trial. At 7 WAS, for the field trial, application of 100 and 50 kg NPK ha
-1

 

produced statistically similar number of leaves per plant but higher than the control. 

There was no significant difference in number of leaves per plant at 3 WAS for the field 

trial and 7 WAS for the pot trial when NPK was applied. 

Application of poultry manure in the field and pot trial did not influenced number of 

leaves per plant at 3 and 7 WAS, respectively. At 5 and 7 WAS, for the field trial and 5 

WAS for the pot trial higher number of leaves per plant were obtained by applying 2 and 

4 t ha
-1

 manure which were statistically comparable, but higher than the control. 
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Table 4.4 Effects of NPK fertilizer and poultry manure on number of leaves per plant of okra varieties during   2012 rainy 

season in field and pot trials 

Means followed by the same letter within a treatment group are not significantly different at 0.05 level of probability using DMRT. NS = Not significant 

**=highly significant at 5% level. 

                                                                                   Number of leaves per plant 

  Field    Pot  

Treatment 3WAS 5WAS 7WAS  3WAS 5WAS 7WAS 

Variety(V)        

Clemson spineless 4.0 6.0 8.0  4.0 5.0 7.0 

Ex-Samaru-4 4.0 6.0 7.0  4.0 5.0 7.0 

SE± 0.07 0.12 0.25  0.08 0.17 0.13 

        

NPK rate (kg ha
-1

)        

0 4.0 6.0b 7.0b  4.0 5.0b 7.0 
50 5.0 7.0a 7.0b  5.0 6.0a 7.0 

100 4.0 6.0ab 9.0a  4.0 6.0a 7.0 

SE± 0.08 0.15 0.32  0.09 0.21 0.16 

        

Poultry manure 

( t ha
-1

) 

       

0 4.0 6.0b 6.0b  4.0b 5.0b 7.0 

2 4.0 8.0a 8.0a  4.0b 6.0a 7.0 

4 5.0 8.0a 8.0a  5.0a 6.0a 7.0 

SE± 0.08 0.15 0.32  0.09 0.21 0.16 

        

Interaction        

V*F NS NS NS  NS NS NS 

V*P NS ** **  NS NS NS 

F*P NS NS NS  NS NS NS 

V*F*P NS NS NS  NS NS NS 
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In the pot trial, application of 4 t ha
-1

 poultry manure at 3 WAS significantly produced 

higher number of leaves per plant than 2 t ha
-1

 and the control which were at par. Highly  

Significant interactions on number of leaves per plant were observed between variety and 

poultry manure at 5 and 7 WAS in the field trial. 

Interactions between variety and poultry manure on number of leaves per plant at 5 and 7 

WAS in the field trial is presented on Table 4.5. The result shows that at 5 WAS there 

was a corresponding increase in number of leaves per plant of variety Clemson spineless 

when manure rates were varied from 0 to 2 and 4 t ha
-1

. However variety Ex-Samaru-4 

gave higher number of (7.0)   leaves per plant at 2 and 4 t ha
-1 

poultry manure, which 

were at par but higher than the control. When varieties were considered, at local control 

and 2 t ha
-1

 manure rates, Ex-Samaru-4 gave higher number of (7.0) leaves per plant than 

variety Clemson spineless. But at 4 t ha
-1

 poultry manure, no significant difference in the 

number of leaves per plant was observed between the varieties. However at 7 WAS both 

variety Clemson spineless and Ex-Samaru-4 gave the highest number of (8.0 and 9.0) 

leaves per plant at 4 t ha
-1

 poultry manure, and the least number of (6.0 and 7.0) were 

obtained at the control. When the two varieties were considered, at each poultry manure 

rate from 0 to 4 t ha
-1 

shows no significant difference between the varieties. 
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Table 4.5 Interaction between varieties and poultry manure on number of leaves at 

5 and 7 WAS during 2012 rainy season field trial at Samaru 

 

                                 

                                                    Poultry manure t ha
-1

                                

 

Treatment 

                       

0 

 

2 

 

4 

 

Clemson spineless 

                       5WAS 

5.0c 

 

6.0b 

 

7.0a 

Ex-Samaru-4 6.0b 7.0a 7.0a 

 SE±0.124 

                                                        7WAS 

Clemson spineless    6.0c                               7.0bc                            8.0ab 

Ex-Samaru-4           7.0bc                             7.0bc                            9.0a 

SE±0.438 

Means followed by unlike letter (s) are significantly different at 5% level of probability 

using DMRT 
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4.4 Number of Primary Branches per Plant 

 

The effects of NPK fertilizer and poultry manure on number of primary branches per 

plant of okra varieties during 2012 rainy season field and pot trials at Samaru are shown 

in Table 4.6. The result shows that there was no significant difference in number of 

primary branches per plant between the varieties in both field and pot trials, except at 7 

WAS in pot trial where Ex-Samaru-4 significantly produced higher number of (5.0) 

primary branches per plant than Clemson spineless. Applications of 50 kg NPK ha
-1

 

significantly produced higher number of (5.0) primary branches per plant than the rest of 

the treatments which were statistically comparable at both sampling periods and trials. 

 Application of poultry manure had no significant influence on number of primary 

branches per plant at 5 WAS in both trials. However, at 7 WAS, application of 4 t ha
-1

 

gave higher number of (6.0) primary branches per plant than other rates which were  
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Table 4 6  Number of primary branches per plant of okra varieties as influenced by NPK 

fertilizer and poultry manure during   2012 rainy season field and pot trials at Samaru 

   Field                                              Pot 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Means followed by the same letter within a treatment group are not significantly different 

at 0.05 level of probability using DMRT. 

 NS = Not significant **=highly significant. 

Treatment  5WAS 7WAS 5WAS 7WAS 

Variety(V)      

Clemson spineless  3.0 4.0b 3.0 4.0 

Ex-Samaru-4  3.0 5.0a 3.0 4.0 

SE±  0.13 0.24 0.16 0.14 

NPK fertilizer kg/ha      

0  3.0b 4.0b 3.0b 4.0b 

50  4.0a 5.0a 4.0a 5.0a 

100  3.0b 4.0b 3.0b 4.0b 

SE±  0.16 0.29 0.19 0.17 

Poulty manure t ha
-1

      

0   3.0 4.0b 3.00 4.0b 

2  3.0 4.0b 3.00 4.0b 

4  3.0 6.0a 3.00 6.0a 

SE±  0.16 0.29 0.19 0.17 

Interaction      

V*F  NS NS NS NS 

V*P  NS NS NS NS 

F*P  ** NS NS NS 

V*F*P  NS NS NS NS 
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statistically similar in both trials. There was a highly significant interaction between NPK 

fertilizer and poultry manure at 5 WAS in field trial. 

The interactions between fertilizer and poultry manure on number of primary branches 

per plant at 5 WAS in both field and pot trials are shown in Table 4.7. Equal number of 

primary branches per plant were recorded from the control and 50 kg ha
-1

 NPK fertilizer, 

and increasing poultry manure from 0 to 2 t ha
-1

 did not significantly affect number of 

primary branches per plant. Further increase to 4 t ha
-1

 increased the number of primary 

branches per plant. At 100 kg ha
-1

 NPK fertilizer, increasing poultry manure from 0 to 2 t 

ha
-1

 increased the number of primary branches per plant from 2 to 3, further increase to 4 

t ha
-1

 resulted in statistically similar number of branches per plant. However, when 

poultry manure was held constant at different NPK level it was observed that at control 

and 4 t ha
-1 

manure, increasing NPK fertilizer from 0 to 50 kg ha
-1

 increased the number 

of primary branches per plant. Further increase in NPK from 50 to 100 kg ha
-1

 resulted to 

decrease in number of primary branches per plant. 

At 2 t ha
-1

 increasing NPK from 0 to 50 kg ha
-1 

increased numbers of primary branches 

from 2 to 3 per plant, but further increase to 100 kg ha
-1

 resulted in statistically equal 

number of 3 primary branches per plant. 
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Table 4.7 Interaction between fertilizer and poultry manure on number of primary 

branches per plant at 5 WAS during 2012 rainy season field trial at Samaru 

 

 

 

 

 

 

 

 

 

 

 

Means followed by unlike letter (s) are significantly different at 5% level of probability 

using DMRT. 

 

4.5 Fresh Shoot Weight per Plant 

 

 Effects of NPK fertilizer and poultry manure on shoot fresh weight (g) per plant of okra 

varieties during 2012 rainy season in Samaru is shown in Table 4.8. The result shows no 

significant difference on shoot fresh weight between the varieties throughout the 

sampling periods. NPK fertilizer had no significant influence on shoot fresh weight at 3 

WAS. However, at 5 and 7 WAS, the control significantly gave lower shoot fresh weight 

than 50 and 100 kg NPK ha
-1

 which were statistically at par. The Control manure 

treatment produced lower shoot fresh weight than 2 and 4 t ha
-1

 which were statistically 

comparable throughout the sampling periods. None of the treatments interactions were 

significant on shoot fresh weight per plant. 

 

 

 

                                                        Poultry manure (t ha-
1
) 

Treatment 0 2 4 

0 2.0c 2.0c 3.0b 

50 3.0b 3.0b 4.0a 

100 2.0c 3.0b 3.0b 

 SE±0.283 
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Table 4.8  Effects of NPK fertilizer and poultry manure on shoot fresh weight (g) of 

okra varieties during   2012 rainy season field trial at Samaru 

                                                      Shoot fresh weight (g) 

Treatment 3 WAS 5 WAS 7 WAS 

Variety(V)    

Clemson spineless 17.46 30.92 39.86 

Ex-Samaru-4 13.63 34.39 41.00 

SE± 1.459 1.889 2.238 

NPK rates(kg ha
-1

)    

0 13.46 26.89b 32.35b 

50 17.84 34.76a 44.06a 

100 15.33 36.32a 44.88a 

SE± 1.787 2.314 2.741 

Poultry manure (t ha
-1

)    

2 17.73a 34.42a 43.25a 

4 21.24a 39.39a 48.11a 

SE± 1.787 2.314 2.741 

Interaction    

V*F NS NS NS 

V*P NS NS NS 

F*P NS NS NS 

V*F*P NS NS NS 

Means followed by the same letter within a treatment group are not significantly different 

at 0.05 level of probability using DMRT.  

NS = Not significant.  
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4.6 Dry Shoot Weight per Plant 

 

Effects of NPK fertilizer and poultry manure on shoot dry weight (g) per plant of okra 

varieties during 2012 rainy season in Samaru is shown in Table 4.9. The result shows that 

shoot fresh weight was not significantly influenced by varietal difference and variation in 

NPK fertilizer rates throughout the sampling periods. Application of poultry manure at 2 

and 4 t ha
-1

 gave shoot fresh weights that were at par, but higher than the control 

throughout the sampling periods. There was a highly significant interaction between 

variety and poultry manure at 3 WAS and a significant interaction between variety and 

NPK at 5 WAS respectively. 

The Interaction between varieties and poultry manure on shoot dry weight per plant at 3 

WAS (g) during 2012 rainy season in Samaru is shown in Table 4.10. The result shows 

that Clemson spineless had a lower shoot dry weight at the control than 2 and 4 t ha
-1

 

manure which were at par. In Ex-Samaru-4, no significant difference was observed when 

manure was increased from 0-2 t ha
-1

 but further increase to 4 t ha-
1
 gave higher shoot 

dry weight of (3.23 g)  than the control but were statistically comparable to 2 t ha-
1
. 

With respect to varieties, increase in poultry manure from 0 to 4 t ha
-1 

did not show any 

significant difference on shoot dry weight. 

The Interaction between varieties and NPK fertilizer on shoot dry weight per plant at 5 

WAS (g) during 2012 rainy season at Samaru is presented in Table 4.11. The results 

shows that all the treatment levels gave statistically similar response on shoot dry weight 

in Ex-Samaru-4. However, in Clemson spineless, increasing NPK from 0 to 50 kg ha
-1

 

did not have any significant difference on shoot dry weight.  Further increase to 100 kg 

NPK ha
-1
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Table 4.9  Effects of NPK fertilizer and poultry manure onDry shoot weight (g) of 

okra at 2012 rainy season Samaru 

                                                  Dry shoot weight (g) 

Treatment 3 WAS 5 WAS 7 WAS 

Variety(V)    

Clemson spineless 3.02 5.57 7.45 

Ex-Samaru-4 2.34 6.64 7.48 

SE± 0.353 0.437 0.618 

NPK rate (kg ha
-1

)    

0 2.63 5.44 7.39 

50 2.62 6.14 7.24 

100 2.80 6.75 7.71 

SE± 0.432 0.536 0.757 

Poultry manure (t ha
-1

)    

0 1.24b 4.31b 5.37b 

2 2.84a 6.54a 8.47a 

4 3.96a 7.46a 8.50a 

SE± 0.432 0.536 0.757 

Interaction    

V*F NS * NS 

V*P ** NS NS 

F*P NS NS NS 

V*F*P NS NS NS 

Means followed by the same letter within a treatment group are not significantly different 

at 0.05 level of probability using DMRT.  

NS = Not significant 

 *=significant **=highly significant. 
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Table 4.10 Interaction table between varieties and poultry manure ondry shoot       

weight at 3WAS (g) during 2012 rainy season in Samaru 

                                               Poultry manure (t ha-
1
) 

Treatment 0 2 4 

Clemson spineless 1.23c 3.13ab 4.69a 

Ex-Samaru-4 1.24c 2.56bc 3.23ab 

 SE±0.611 

 

Means followed by unlike letter (s) are significantly different at 5% level of probability 

using DMRT 

 

Table 4.11 Interaction table between varieties and NPK fertilizer ondry shoot 

weight at 5WAS (g) during 2012 rainy season field at Samaru. 

                                            NPK fertilizer (kg ha-
1
 ) 

Treatment    0 50 100 

Clemson spineless 4.96b 6.55ab 8.30a 

Ex-Samaru-4 5.91b 5.73b 5.20b 

 SE±0.757 

 

Means followed by unlike letter (s) are significantly different at 5% level of probability 

using DMRT 
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Significantly produced higher shoot dry weight and was statistically comparable with 50 

kg NPK ha-
1
.  

When variety was considered, there was no significant difference between the varieties in 

terms of shoot dry weight at the control and 50 kg NPK ha-1, but the highest shoot dry 

weight was obtained in Clemson spineless when NPK was increased to 100 kg ha
-1.

 

4.7 Number of Fruits per Plant 

 

 The effects of NPK fertilizer and poultry manure on number of fruits per plant of okra 

varieties during 2012 rainy season in both field and pot trials in Samaru are shown in 

Table 4.12. Both results in the field and pot trial showed no significant difference in fruits 

number between the varieties evaluated. 

 In the field experiment, application of 100 kg ha
-1

 NPK fertilizer produced higher 

number of (5.0) fruits per plant than the control. The application of 50 kg NPK ha
-1

 and 

the control had similar number of fruits per plant. There was a significant interaction 

between variety and poultry manure in the field trial, while in the pot trial the result 

shows that the treatments had no significant effect on number of fruits per plant. 

The Interaction between varieties and poultry manure on number of fruits per plantof 

okra varieties during 2012 rainy season in field and pot trials at Samaru is presented in 

Table 4.13. The result shows that varying poultry manure rates had no significant 

influence on number of fruits in Clemson spineless. However, Ex-Samaru-4 shows a 

corresponding increase in the number of fruits as the levels of applied poultry manure 

was increased. 

When varieties were considered at 0 t ha
-1 

poultry manure, variety Clemson spineless 

produced higher number of (4.0) fruits than Ex-Samaru-4, however, when poultry manure 
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Table 4.12 Effects of NPK fertilizer and poultry manure on number of fruits of okra 

varieties during   2012 rainy season field and pot trials at Samaru 

                                                                  Number of fruits per plant                                                                 

 

Means followed by the same letter (s) within a treatment group are not significantly 

different at 0.05 level of probability using DMRT. NS = Not significant *=significant  

 

 

Treatment  Field Pot 

Variety(V)    

Clemson spineless  4.0 5.0 

Ex-samaru4  4.0 5.0 

SE±  0.71 0.31 

NPK rate (kgha
-1

)    

0  3.0b 4.0 

50  4.0ab 5.0 

100  5.0a 5.0 

SE±  0.27 0.38 

Poultry manure  tha
-1

    

0  4.0 4.0 

2  4.0 5.0 

4  4.0 5.0 

SE±  0.27 0.38 

Interaction    

V*F  NS NS 

V*P  * NS 

F*P  NS NS 

V*F*P  NS NS 
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Table 4.13  Interaction between varieties and poultry manure on number of fruits of 

okra varieties during 2012 rainy season field trial at Samaru  

                                                        Poultry manure (t ha
-1

)  

Treatment 0 2 4 

Clemson spineless 4.0b 4.0b 4.0b 

Ex-Samaru-4 3.0c 4.0b 5.0a 

 SE±0.375 

Means followed by unlike letter are significantly different at 5% level of probability 

using DMRT 

 

Was increased from 0 to 2 t ha
-1

 there was no significant difference in number of fruits 

between the varieties, but at 4 t ha
-1-

 poultry manureEx – Samaru-4 significantly gave 

higher number of fruits per plant than Clemson spineless.  

4.8 Fruit Length 

 

The effects of NPK fertilizer and poultry manure on fruit length of okra varieties during 

2012 rainy season in field and pot trials at Samaru is shown in Table 4.14. The result 

shows that Clemson spineless significantly produced longer fruits than Ex-Samaru-4 in 

both field and pot trials. Neither NPK fertilizer nor poultry manure significantly 

influenced fruit length. None of the treatment interactions were significant on fruit length 

in both field and pot trials 
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Table 4.14 Effects of NPK fertilizer and poultry manure on fruit length of okra 

varieties during   2012 rainy season in field and pot trials at Samaru 

 

                                                                            Fruit length (cm) 

Treatment  Field Pot 

Variety(V)    

Clemson spineless  12.03a 10.72a 

Ex-Samaru-4  9.48b 7.14b 

SE±  0.512 0.385 

NPK rate (kg ha
-1

)    

0  10.54 7.60 

50  10.21 7.56 

100  11.52 8.62 

SE±  0.051 0.471 

Poultry manure (t ha
-1

)    

0  10.80 8.01 

2  10.80 7.67 

4  10.67 8.11 

SE±  0.051 0.471 

Interaction    

V*F  NS NS 

V*P  NS NS 

F*P  NS NS 

V*F*P  NS NS 

Means followed by the same letter within a treatment group are not significantly different 

at 0.05 level of probability using DMRT. NS = Not significant. 
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4.9 Fruit Diameter 

 

The effects of NPK fertilizer and poultry manure on fruit diameter of okra varieties 

during 2012 rainy season in field and pot trials at Samaru is shown in Table 4.15. The 

result shows that the treatments had no significant influence on fruit diameter in both 

field and pot trials. None of the treatment interactions were significant on fruit diameter. 

4.10 Number of Seeds per Pod 

 

The effects of NPK fertilizer and poultry manure on number of seeds per pod of okra 

varieties during 2012 rainy season field and pot trials at Samaru is presented in Table 

4.16. The result shows that in the field experiment, neither of the treatments significantly 

affected number of seed per pod.  

In the pot trial, there was also no significant difference in number of seeds per pod 

between the the varieties and varying poultry manure rates. However, when NPK 

fertilizer rates were varied, the control had the least number of seeds than 50 and 100 kg 

NPK ha
-1

 which were statistically comparable. The treatment interactions were not 

significant statistically in both field and pot trials. 
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Table 4.15 Effects of NPK fertilizer and poultry manure on fruit diameter of okra 

varieties during   2012 rainy season field and pot trials at Samaru 

                                                                      Fruit diameter (cm) 

Treatment  Field Pot 

Variety(V)    

Clemson spineless  2.08 1.85 

Ex-Samaru-4  2.12 2.06 

SE±  0.051 0.073 

NPK rate (kg ha
-1

)    

0  2.06 1.84 

50  2.04 1.97 

100  2.17 2.05 

SE±  0.062 0.089 

Poultry manure (t ha
-1

)    

0  2.05 1.96 

2  2.15 1.97 

4  2.08 1.93 

SE±  0.062 0.089 

Interaction    

V*F  NS NS 

V*P  NS NS 

F*P  NS NS 

V*F*P  NS NS 

Means followed by the same letter within a treatment group are not significantly different 

at 0.05 level of probability using DMRT. NS = Not significant  
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Figure 4.16 Effects of NPK fertilizer and poultry manure on number of seeds per 

pod of okra varieties during   2012 rainy season field and pot trials at Samaru 

 

                                                                      Number of seeds per pod  

Treatment  Field Pot 

Variety(V)    

Clemson spineless  78.0 80.0 

Ex-Samaru-4  79.0 78.0 

SE±  1.64 2.07 

NPK rates (kg ha
-1

)    

0  76.0 65.0b 

50  81.0 81.0a 

100  78.0 80.0a 

SE±  2.03 3.06 

Poultry manure (t ha
-1

)    

0  78.0 78.0 

2  79.0 81.0 

4  79.0 80.0 

SE±  2.03 3.06 

Interaction    

V*F  NS NS 

V*P  NS NS 

F*P  NS NS 

V*F*P  NS NS 

Means followed by the same letter within a treatment group are not significantly different 

at 0.05 level of probability using DMRT. NS = Not significant  
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4.11 100 -Seeds Weight 

 

The effects of NPK fertilizer and poultry manure on 100-seeds weight of okra varieties 

during 2012 rainy season in field and pot trials at Samaru is presented in Table 4.17. The 

result in the field shows no significant difference in 100-seeds weight between the 

varieties evaluated. However in the pot trial Clemson spineless gave lower weight of 100-

seeds than Ex-Samaru-4. Neither NPK fertilizer nor poultry manure significantly 

influenced 100-seed weight in both trials.  No significant treatment interactions on 100-

seed weight observed in both trials. 

4.12 Fruit Weight per Plant 

 

 The effects of NPK fertilizer and poultry manure on fruit weight per plant of okra 

varieties during 2012 rainy season in field and pot trials at Samaru is shown in Table 12. 

The results in both trials showed that varying poultry manure had no significant influence 

on fruits weight. Increase in NPK fertilizer from the control to 50 kg NPK ha
-1

 

significantly increased fruit weight per plant, further increase to 100 kg NPK ha
-1

 gave 

fruit weight that were statistically similar in both trials. The interactions between the 

various treatments were not significant. 
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Table 4.17 Effects of NPK fertilizer and poultry on 100-seeds weight of okra 

varieties during   2012 rainy season field and pot trials at Samaru 

 

                                                                        100-seeds weight (g) 

Treatment  Field Pot 

Variety(V)    

Clemson spineless  4.83 4.18b 

Ex-Samaru-4  5.08 5.00a 

SE±  0.209 0.153 

NPK rates (kg ha
-1

)    

0  5.04 4.50 

50  4.93 4.64 

100  4.89 4.63 

SE±  0.256 0.187 

Poultry manure (t ha
-1

)    

0  5.08 4.46 

2  5.07 4.66 

4  4.76 4.66 

SE±  0.256 0.187 

Interaction    

V*F  NS NS 

V*P  NS NS 

F*P  NS NS 

V*F*P  NS NS 

Means followed by the same letter within a treatment group are not significantly different 

at 0.05 level of probability using DMRT. NS = Not significant. 
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Table 4.18 Effects of NPK fertilizer and poultry manure on fruit weight of okra 

varieties during   2012 rainy season in Samaru field and pot trials at Samaru 

                                                                         Fresh fruit weight (g) 

Treatments  Field Pot 

Variety(V)    

Clemson spineless  14.82 15.00 

Ex-Samaru-4  13.87 14.86 

SE±  0.828 0.837 

NPK rates (kg ha
-1

)    

0  11.08b 11.56b 

50  15.01a 15.45a 

100  16.94a 17.01a 

SE±  1.004 1.025 

Poultry manure (t ha
-1

)    

0  13.63 13.98 

2  13.37 14.08. 

4  16.02 16.07 

SE±  1.004 1.025 

Interaction    

V*F  NS NS 

V*P  NS NS 

F*P  NS NS 

V*F*P  NS NS 

Means followed by the same letter within a treatment group are not significantly different 

at 0.05 level of probability using DMRT. NS = Not significant. 
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4.13 Days to 50% Flowering 

 

The effects of NPK fertilizer and poultry manure on days to 50% flowering of okra 

varieties during 2012 rainy season in both field and pot trials at Samaru is presented in 

Table 4.19. Result shows that Ex-Samaru-4 took longer days to attain 50% flowering in 

the pot trial. There was no significant difference on days to 50% flowering when NPK 

fertilizer was applied in both trials. Increasing poultry manure from control to 2 t ha-
1 

gave lower days (43) to attained 50% flowering. Further increase to 4 t ha
-1 

was not 

significant.None of the treatment interactions were significant on days to 50% flowering 

for both trials. 

4.14 Fresh fruit Yield (Kg ha-
1
) 

 

Table 4.20 shows the effects of NPK fertilizer and poultry manure on fresh fruit yield (kg 

ha
-1

) of okra varieties during 2012 rainy season both in the field and pot trial at Samaru. 

The result shows that there was no significant difference in fruit yield between the 

varieties in both trials. Each increase in NPK fertilizer from 0 to 100 kg NPK ha-
1
 led to a 

corresponding increase in total yield of okra varieties in the field trial, with the highest 

fresh yield of (5283.6 kg ha
-1

) obtained at 100 kg NPK ha
-1

. In the pot trial however 

control gave lower fruit yield of (2892.3 kg ha
-1

)than 50 and 100 kg NPK ha
-1

 which 

were statistically at par. Varying poultry manure rates did not significantly affect the 

fresh fruit yield ( kg ha
-1

) in both trials.There were no significant treatments interactions 

on fresh fruit yield (kg ha
-1

). 
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Table 4.19 Effects of NPK fertilizer and poultry manure on days to 50% flowering 

of okra varieties during   2012 rainy season field and pot trials Samaru 

 

                                                                       Days to 50% flowering 

Treatment  Field Pot 

Variety(V)    

Clemson spineless  43.0 43.0b 

Ex-Samaru-4  44.0 45.0a 

SE±  0.32 0.65 

NPK rates (kg ha
-1

)    

0  44.0 44.0 

50  43.0 44.0 

100  43.0 43.0 

SE±  0.39 0.80 

Poultry manure (t ha
-1

)    

0  45.0a 45.0a 

2  43.0b 43.0b 

4  42.0b 43.0b 

SE±  0.39 0.80 

Interaction    

V*F  NS NS 

V*P  NS NS 

F*P  NS NS 

V*F*P  NS NS 

Means followed by the same letter (s) within a treatment group are not significantly 

different at 0.05 level of probability using DMRT. NS = Not significant. 
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Table 4.20 Effects of NPK fertilizer and poultry manure on fresh fruit yield of okra 

pot and field trial at Samaru during 2012 rainy season 

                                                                     Fresh fruit yield (kg ha
-1

) 

Treatment  Field Pot 

Variety(V)    

Clemson spineless  4110.6 4292.8 

Ex-Samaru-4  3937.2 3983.7 

SE±  342.222 387.226 

NPK rates (kg ha
-1

)    

0  2728.0c 2892.3b 

50  4060.1b 4337.8a 

100  5283.6a 5184.6a 

SE±  419.186 473.311 

Poultry manure (t ha
-1

)    

0  3677.8 3480.9b 

2  3699.1 3792.0ab 

4  4694.8 5141.8a 

SE±  419.186 473.311 

Interaction    

V*F  NS NS 

V*P  NS NS 

F*P  NS NS 

V*F*P  NS NS 

Means followed by the same letter(s) within a treatment group are not significantly 

different at 0.05 level of probability using DMRT. NS = Not significant. 
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4.15 Correlation studies 

 

Correlation between fresh fruit yield (kg ha
-1

) and growth parameters are shown in Table 

4.21 and 4.22. Highly and positive correlation was observed in the field trial on okra 

fresh fruit yield (kg ha-
1
), number of fruits per plant, fruit length and fruit weight. There 

was a negative correlation between okra fresh fruit yield (kg ha
-1

) and fruit diameter. 

However, non positive correlation was obtained between fresh fruit yield (kg ha
-1

) in 

plant height, number of leaves per plant and number of primary branches per plant. 

 In the pot trial, there was a highly and positive correlation between okra  fresh fruit yield 

and plant height, number of leaves per plant, number of fruits per plant, fruit weight and 

fruit length  in which a positive correlation was observed between okra yield kg ha-
1
 and 

fruit weight. Correlation between fresh fruit yield, numbers of primary branches per plant 

and fruit diameter were not significant. 
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Table 4.21  Correlation matrix of yield and growth parameters of okra as influenced by different levels of NPK fertilizer and 

poultry manure in 2012 rainy season  field trial Samaru 

S/N 1 2 3 4 5 6 7 8 

1 1.00        

2 0.402** 1.00       

3 0.045 0.084 1.00      

4 0.126 0.039 0.078 1.00     

5 0.235 -0.172 0.052 0.388** 1.00    

6 0.009 0.063 0.063 0.067 0.079 1.00   

7 0.061 0.244 0.3190** 0.435** 0.206 -0.116 1.00  

8 0.091 0.093 0.220 0.189** 0.390** -0.007 0.846** 1.00 

 

Key 

1 plant height (cm)                                                             5 fruit length (cm)               

2 number of leaves per plant                                              6 fruit diameter (cm) 

3 number of primary branches per plant                             7 fresh fruit weight (g) 

4 number of fruits per plant                                                8 fresh fruit yield kg ha-
1
 

**Significant at 1% level 
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Table 4.22 Correlation matrix of yield and growth parameters of okra as influenced by different levels of NPK fertilizer and 

poultry manure in 2012 rainy season pot  trial Samaru 

S/N 1 2 3 4 5 6 7 8 

1 1.00        

2 0.650** 1.00       

3 0244 0.601 1.00      

4 0.396** 0.307** 0.183 1.00     

5 0.297* 0.158 -0.116 0.240 1.00    

6 -0.109 0.054 0.192 -0.122 -0.128 1.00   

7 0.221 0.346** 0.105 0.140 0.383** 0.551** 1.00  

8 0.466** 0.505** 0.176 0.778** 0.385** 0.205 0.316* 1.00 

 KEY 

1 plant height (cm)                                                  5 fruit length (cm) 

2 number of leaves per plant                                   6 fruit diameter (cm) 

3 number of primary branches per plant                 7 fresh fruit weight (g) 

4 number of fruits per plant                                     8 fresh fruit yield kg ha-
1
 

*Significant at 5% level 

**Significant at 1% level 
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4.16 Regression analysis 

 

The regression analysis between okra fresh fruit yield (kg ha
-1

) against poultry manure 

and NPK fertilizer in field and pot trials are shown in figures 4.1, 4.2, 4.3 and 4.4 

respectively. The regression equations  for poultry manure against fresh fruit yield (kg ha
-

1
)were both quadratic, such that the optimum yields of Clemson spineless variety were 

5167  kg ha
-1 

at 3.5 t ha
-1

, while Ex-Samaru-4 was 5205 kg ha-
1
 at 4 t ha

-1
 in the field 

trial. The highest yield and optimum rate of poultry manure in the pot trial was 5084 kg 

ha
-1

 at 3.4 t ha
-1

 for Clemson spineless and 5026 kg ha
-1

 at 4 t ha
-1

 for Ex-Samaru-4 

respectively. 

Similarly the regression analysis between okra fresh fruit yield (kg ha
-1

) against NPK 

fertilizer in field and pot trials were linear in both cases. The result further suggests that 

the optimum NPK rates were not achieved. 
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Figure 4. 1 Regression of okra fruit yield against NPK fertilizer kg ha-1 in pot trial. 
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Figure 4.2 Regression of fruit yield kg ha-1 against poultry manure in the field trial. 
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Figure 4.3 Regression of fruit yield kg ha-1 against poultry manure in the pot trial. 
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Figure 4.4 Regression of okra fruit yield against  NPK fertilizer kg ha-1 in field trial. 
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CHAPTER FIVE 

5 DISCUSSION 

 

The crop growth and yield recorded in the two trials could be attributed to the 

high amount and well distributed rainfall received. The rainfall was adequate 

for both vegetative and reproductive stages of the crop. Apart from the high 

rainfall, the good performance of the crop was probably due to the relative 

higher total nitrogen content and available phosphorus in the soils of the 

experimental sites. Under low fertility the plants will be unable to obtain 

nutrients in adequate amounts for good growth and development thereby 

affecting crop yield. This is in line with the study of Adeosun. (2000) in rice, in 

which he stressed that low yield of rice was obtained due to low levels of soil 

nutrient, pH, organic matter, available P and total nitrogen which made the 

crops unable to maximally utilize them for carbohydrate synthesis, the 

consequence of which was ultimately growth and yield reduction. 

5.1 Varietal response 

 

The significant difference recorded between the two okra varieties on plant height, fruit 

length, number of days to 50% flowering, number of primary branches per plant and 100- 

seeds weight could be explained by the fact that these characteristics are genetically 

controlled and can be influenced by environmental factors. This could also be due to the 

differences in the rates of nutrient absorption and utilization between the two varieties, 
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which could lead to production of more assimilates in the okra plants as well as increase 

in growth and yield attributes. Thus, variety Clemson spineless was observed to be taller 

and has longer pods as well as flowered earlier than Ex-Samaru-4. Plant height of plants 

is genetically determined (IAR 1985). The height of okra plant is perhaps more of genetic 

than and environmental trait. Saijin et al. (2002) also reported that growth parameters 

such as plant height, number of branches are enhanced by genetic factor, the varieties 

differ significantly from one another. Variety Ex-Samaru-4 has broad leaves which have 

the ability to intercept more solar radiation that can result in the supply of assimilates 

during the ripening period, and this may be the reason for more seeds development than 

in Clemson spineless. Ibrahim et al. (2002) reported that differences in growth indices of 

okra is normally attributed to their genetic makeup, this is in line with the work of 

Emebiri et al. (1992) who reported cultivar differences among okra in terms of growth. 

Akinfasoye et al. (1997) also reported that different in yield of crops has been attributed 

to the cultivars grown and their genetic makeup. 

5.2 Response to NPK fertilizer 

 

Okra plants required NPK nutrients of about 40-60 N, 20-40 P and 20-40 K (kg ha
-1

) for 

optimum growth and yield development (Anon., 2004), however, where these nutrients 

are insufficient or inadequate, application of the deficient elements through fertilization 

should be required or recommended under different agromatic conditions which can be 

manipulated to maximized production from a unit land area. Application of 250 kg NPK 

ha
-1 

proved effective in ensuring better performance in terms of growth in okra Babatola 

and Olaniyi (1997).  
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The significant response of growth components such as number of leaves per plant, 

number of primary branches per plant and shoot fresh weight in both trials could be 

attributed to the role of applied NPK to the plants during the trials, which were essential 

in plant growth and development. This is supported by the findings of Smith et al. (2001) 

who reported that the use of NPK under good environmental conditions significantly 

influenced the growth and fruit yield of okra. The crop requires adequate supply of 

nutrients particularly nitrogen, phosphorus and potassium for optimum growth and yield. 

This also agrees with the findings of Adediran and Banjoko. (2003) which showed that 

application of these nutrients (N, P and K) is important for enhanced fruit number and 

yield of okra. Another study have shown that the application of N and or NPK led to 

significant increase in the growth and yield of okra (Katung et al.,1996). Growth 

characters such as plant height, shoot fresh weight, number of leaves per plant, number of 

primary branches per plants are maximised either at 60 or 90 kg N ha
-1

 at early stage of 

growth. The crops needs up to 60 kg N ha
-1

 to show any significant response on growth 

parameters like plant height and days to 50 % flowering in okra. 

The significant response recorded by okra on yield components such as number of fruits 

per plant and fruit yield (kg ha
-1

) to the application of NPK fertilizer up to 100 kg ha
-1

, in 

which fruit weight showed a significant response by the application of 50 kg ha
-1

 could 

be attributed to the significant role play by NPK in the improvement of soil fertility, 

nutrient uptake and enhancement of crop yields. NPK fertilizer have been reported to 

cause a significant effects on fruit weight, fruit number and yield ok okra (Jan et al., 

2002).  This is in contrary with the findings of Obi et al. (2005) who reported no 

significant increase in fruit yield and fruit weight of okra plants with NPK fertilization. 
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Akintunde et al. (2000) reported least yield components without the application of NPK 

fertilizer in okra. This proved that application of NPK fertilizer is so vital and important 

for enhanced crop yield and development.  

The non significant response in number of fruits per plant to NPK fertilizer in the pot trial 

could be as a result of the soil chemical composition (Table 1) and the homogeneity of 

the environment in which a little increase in the application of NPK fertilizer may not 

show any significant effect on number of fruits per plant. However, any additional 

increase in fertilizer could only promote luxury consumption by the plants. The plants 

might have already obtained the required nutrients required for fruiting from the little 

amount initially in the soil. Soil analysis (Table 1) showed that the soils from the two 

locations were high in nitrogen and moderate in P and K making the soils fertile, hence 

the non significant response of such yield components to NPK fertilizer observed. In 

contrary to this, the field trial experienced washing away of nutrients by leaching which 

may go beyond the root zone and not been used and utilized by the plant due to high 

rainfall experienced during the months of the trial (Appendix 1), in which a slight 

increased in NPK fertilizer in this case may show a significant effect on yield attributes. 

Other yield components such as fruit length, fruit diameter, number of seeds per pod and  

100- Seeds weight were not significantly influenced by application of NPK fertilizer in 

both trials. This may be due to the differences in the plants response to the environment 

which may or may not permit genetic expression of each component (Westerman and 

Crothers., 1977). Akinfasoye et al. (1997) reported that differential in yield of okra has 

been attributed to the varieties grown and their genetic makeup, which are responsible to 

show any significant response to the treatments received.  
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5.3 Response to Poultry Manure 

 

 The significant increase in plant height, number of leaves per plant, number of primary 

branches per plant, shoot fresh and dry weight as a result of the application of poultry 

manure in both trials may be attributed to the beneficial role of manure in enhancing soil 

nitrogen, phosphorus, potassium and other essential nutrients which in turn improved 

growth and development of the plants during the trials (Table 2). The positive effect of 

poultry manure on these growth attributes could also be due to the contribution made by 

the manure to fertility status of the soils, as the soils were low in organic carbon content. 

Manure when decomposed, increased both macro and micro-nutrients as well as enhances 

physico-chemical properties of the soil. This could have led to its high vegetative growth.  

(Akanbi et al., 2000), poultry manure has been reported to contain a relative high 

nitrogen content that supported more of vegetative growth in crops. Dademel et al. 

(2004) reported that the nitrogen content in both organic fertilizers has been known to 

enhance leaf production, flowering, seed formation and root formation, this will lead to 

higher metabolic activities and consequently higher fresh fruit yield in okra. Okra 

growing on poultry manure performed better in terms of plant height, number of leaves, 

number of branches as well as shoot weight. This shows that poultry manure were 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. This is supported with the findings of 

Ajari et al. (2003) in okra production in which they reported that, organic manure 

especially poultry manure could increase plant height and branches of crops. Increase in 

the poultry manure rate has a significant effect on the vegetative growth of the plant.The 

increased application of poultry manure which contains appreciable quantities of 
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magnesium might have helped in chlorophyll synthesis which in turn increased the rate of 

photosynthesis.  

Yield components such as number of fruits per plant, fruit diameter, number of seeds per 

pod, fruit weight and 100-seeds weight were not significantly influenced by the 

application of poultry manure. This could be attributed to the fact that vegetative growth 

had been favoured more if poultry manure was applied at higher dosage. Coupled with 

the high N content in the soils that could favour vegetative growth at the expense of 

reproductive growth, thus lead to the non significant response in the yield components. It 

could either be there were some nutrients already present in the soil or the plant need 

were satisfied with that quantity of nutrients present in the soil. This would have 

apportioned more of the plant photosynthete to more of growth and less for yield 

characters as well as pod development. This is peculiar to high nitrogen application 

present in the poultry manure which might bring nutrient in-balance and antagonism that 

could result in the lower yield observed in the present investigation. Application of high 

rate of manure or manure with high N content has been reported to cause reduction in 

fruits yield (Adekiya and Agbede , 2009). A significant response in fruit yield (kg ha
-1

)to 

poultry manure was observed only in the pot trial, and this could be attributed to the fact 

that the environment in the pot trial was homogenous and there was an evenly 

distribution of water at the later stage of the trial by irrigation. The result is in agreement 

with the findings of Nehra et al. (2001) and Sanwal et al. (2007) that higher yield 

response due to organic manure is ascribed to the movement in physical and biological 

properties of soil resulted in better supply of nutrients that led to good  crop yield. The 

reason for increased in yield could also be attributed to the solubilization effect of the 
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major essential nutrients with addition of poultry manure thereby resulting to increased 

uptake of N P and K (Sendurkunaran et al., 1998).  

The non significant response in fruit yield (kg ha
-1

) to poultry manure experienced in the 

field experiment could be as a result of water logging experienced in some of the plots 

during the trial due to the soil topography, physical and biological properties which made 

it difficult for the plants to respire and utilise the nutrient available in the soil for its 

growth and development, thus caused reduction in yield. This could also be as a result of 

leaching, which made difficulty in the absorption and utilization of the nutrients that can 

be used for good yield and development, which may go beyond the root zone of the okra 

plant. Rajashree (2005) also reported that higher yield response of crops due to organic 

manure application could be attributed to improved physical and biological properties of 

soil resulting in better supply of nutrients to the plant. 

5.4 Interactions 

 

The interactions between varieties and poultry manure was significant on number of 

leaves per plant, dry shoot weight and number of fruits per plant. Ex-Samaru-4 gave 

higher number of fruits per plant as well as higher number of leaves per plant than 

Clemson spineless due to the genetic composition of the individual variety and their 

ability to adapt to the environmental conditions. The higher shoot dry weight obtained in 

Clemson spineless may also be as a result of the morphology of the variety which was 

taller than variety Ex-Samaru-4 and this contributes to the weight of the plant. 

 Interactions between NPK fertilizer and poultry manure recorded a significant increase 

on number of primary branches per plant. High number of primary branches was obtained 

when 50 kg NPK ha
-1 

was applied in combination with 2 t ha-
1
 poultry manure thgan the 
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rest of the treatments. This is in agreement with the findings of a research in which 

application of 50% NPK +50 % poultry manure proved most effective in ensuring good 

performance in terms of growth and fresh yield of ladies finger in valley soils of 

Chittangon, Bangladesh, and also reported that nutrients seemed more available to okra 

plants with mixes than the organic material alone (Akande et al., 2003). The nutrient use 

efficiency of crops tends to be better with mix of manure and inorganic fertilizers. 

Nutrients seemed more available to okra plant with the mixes than the organic materials 

alone, a similar trend of response had been earlier observed with other crops such as 

maize (Makinde et al., 2001) and with sorghum bichlor L (Bayu et al., 2006). 

Interaction between varieties and NPK fertilizer was significant on dry shoot weight, 

Clemson spineless gave higher shoot dry weight than Ex-Samaru-4 when 100 kg ha-
1
 

NPK fertilizer was applied this could be attributed to the genetic characters of the variety 

and its ability to utilize nutrients supplied to it during growth phase. 

5.5 Correlation studies 

 

The positive and significant correlations observed between fruit yield (kg ha
-1

)and growth 

attributes such as plant height, number of leaves per plant, number of primary branches 

per plant, and yield characters such as number of fruits per plant, fruit length as well as 

fruit weight revealed theses as important to yield and critical determinants of fruit yield 

(kg ha
-1

). It was observed that significant increased in each of these parameters leads to 

an increased in the total okra fruit yield (kg ha
-1

). This is in agreement with the findings 

of Raji (2002) which shows the relationship between growth, yield and yield components 

of some okra varieties.  
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5.6 Regression analysis 

 

The regression analysis showed a quadratic response of poultry manure against fruit yield 

in both trials which indicates that the optimum poultry manure requirement for the okra 

plant was attained at 3.5 t ha
-1

. This is contrary to the findings of Aalsiri et al. (1999) who 

reported an optimum yield of okra with the application of 10 t ha
-1 

poultry manure. The 

reasons for the difference in yield could be attributed to the fact that each okra variety 

responded differently to the treatments, and could also be as a result of the high of 

nutrient concentration in the poultry manure used during these trials, in which a less 

quantity could lead to a significant increase in the yield of okra. While a linear response 

was observed on NPK fertilizer levels, indicating that the optimum level was not obtained 

in both trials. Omotosa and Shittu (2007) also reported that the optimum yield in okra 

plant was obtained with the application of 150 kg ha
-1 

NPK fertilizer 
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CHAPTER SIX 

6 SUMMARY AND CONCLUSIONS 

 

Field and pot trials were conducted during the 2012 rainy season at the research farm of 

the Institute for Agricultural Research Samaru (11
0
 11

I 
N, 07

0 
38

0 
E and 686m above sea 

level) and in the orchard of the Department of Agronomy Ahmadu Bello University, 

Zaria to test the effects of NPK fertilizer and poultry manure on common okra varieties 

(Clemson spineless and Ex-Samaru-4), three levels of NPK fertilizer (0, 50 and 100 kg 

NPK ha-
1
) and three levels of poultry manure (0, 2 and 4 t ha-

1
) making a total of 18 

treatments. The treatments in the field were laid in randomized complete block design 

(RCBD), and complete randomized design (CRD) in the pot trial replicated three times in 

all possible factorial combinations. The data collected during the trials include growth 

components such as plant height, number of leaves per plant, number of primary 

branches per plant, shoot fresh weight, dry shoot weight and days to 50% flowering, yield 

and yield components such as number of fruits per plant, number of seeds per pod, fruit 

length, fruit diameter, fruit weight and 100-seeds weight were also taken. 

A corresponding increase in okra fruit yield kg ha
-1

 was obtained in the field trial, by 

each increase in the application of NPK fertilizer. 100 kg NPK ha
-1 

gave the highest fruit 

yield of (5283 kg ha
-1

). Statistically similar fruit yields of (5184 and 5437 kg ha
-1

) were 

obtained in the pot trial at 50 and 100 kg NPK ha
-1

. A significant increase in number of 

primary branches per plant by the application of 50 kg NPK fertilizer ha
-1

 gave the 

highest number of (5.0) primary branches per plant of in both trials. However higher 

number of (9.0 and 7.0) leaves per plant were observed in the field and pot trials by the 



73 
 

application of 100 kg NPK ha
-1

. Other attributes such as fresh shoot weight and number 

of fruit, showed a significant response to NPK fertilizer only in the field trial. With the 

higher fresh shoot weight of (44 g) obtained at 50 and 100 kg NPK ha
-1

 at 7 WAS. 

Highest number of (5) fruits were obtained at 100 kg NPK ha
-1

. However the highest fruit 

yield of (5141 kg ha
-1

) was obtained at 4 t ha
-1 

poultry manure in the pot trial. Variety 

Clemson spineless gave taller plants of (34 and 45 cm) and longer fruits of (12 and 10 

cm) than variety Ex-Samaru-4 in both the field and pot trials. However fewer days of (43) 

to attained 50% flowering was observed in variety Clemson spineless in the pot trial. 

Higher 100-seeds weight of (5.0 g) was also obtained in variety Ex-Samaru-4. 

Highly and positive correlation between yield (kg ha
-1

), number of fruits per plant, fruit 

length and fruit weight were obtained in both trials, but highly positive correlation 

between yield (kg ha
-1

), plant height and number of leaves per plant was obtained only  in 

the pot experiment. 

Regression analysis showed that optimum yields of 5167 kg ha
-1 

at 3.5 t ha
-1 

and 5084 kg 

ha
-1

 at 3.4 t ha
-1

 poultry manure were obtained in variety Clemson spineless in field and 

pot trials, while 5205 kg ha
-1

 at 4 t ha
-1 

and 5026 kg ha
-1 

at 4 t ha
-1 

poultry manure in 

variety Ex-Samaru-4 also in the field and pot trial respectively. When NPK fertilizer was 

applied even up to 100 kg ha
-1

 the optimum yields were not attained in both trials. 

From the results obtained application of 3.5 t ha-
1
 poultry manure using variety Clemson 

spineless and 4 t ha-
1 

in Ex-Samaru-4 should be recommended for okra production at 

Samaru. While in order to attain optimum yield in the two varieties there is need for 

application of NPK fertilizer beyond 100 kg ha
-1

. 
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Appendix 1: Meteorological weather report for 2012 rainy season Samaru  

                                                      Temp 
o
c 

Month R/H % Max  Min  

 

Sunshine/hr Rainfall/mm Wind 

km/hr 

April 51 39 23 7.20 7.3 186.29 

May 68 34 21 5.94 263.4 178.30 

June  76 32 22 6.70 120.7 176.50 

July 83 30 20 5.23 165.3 160.01 

August 82 29 19 4.50 426.7 135.16 

September 77 30 20 5.02 270.3 93.94 

October 70 34 21 7.32 79.6 95.60 

Mean               72.42           32.57         20.85           5.98                 190.47             146.54 

Source: IAR Meteorological Station 

 

 

 

 

 


