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Abstract 

 

Field and screen house trials were conducted during planting season of 2014 and 2015 to investigate the influence of 

organic and organo mineral fertilizers on okra grown in root knot infested soil. Okra variety Clemson spineless was 

grown with five levels of organo mineral fertilizer :(1.5,2.0,2.5,3.0,and 3.5 t/ha),five levels of organic fertilizer 

(1.5,2.0,2.5,3.0,and 3.5 t/ha) and the control. The experiments were laid in a randomized complete block design with 

four replications. Data analysis using ANOVA at 5% level of probability showed the applications of organic and 

organo mineral fertilizer to have enhanced plant growth and fruit production significantly: number of leaves, plant 

height, fruit yield, root gall index and soil nematode population were significantly affected by different level of organic 

and organo mineral fertilizer rates. The results of the okra fruit yield and yield components showed that application 

of 2.5 and 2.0 t/ha of organo mineral fertilizer produced the highest number of fruits of (2,274.7g) and (2,349.6) 

respectively. Applications of treatment reduce nematode population and associated damage. The study therefore 

recommends organic and organo mineral fertilizer rate of 2.0 t/ha for the production of okra in root knot nematode 

infested soils. 

 

Key words: fertilizers, nematode, Okra, organic, organo mineral  

 

INTRODUCTION  
 

Okra (Abelmoschus esculentus L) is an 

important vegetable crop in Nigeria and it is 

widely cultivated throughout the tropics. It is 

found in almost all markets in Africa [14]. It is 

a good source of vitamin A, B, C and also rich 

in protein, carbohydrates, fats, minerals, iron 

and iodine [3]. Nutritionally therefore, the 

production of fruit vegetable like okra will help 

in alleviating the nutritional need of Nigerians  

Nematodes have the greatest impact on crop 

productivity attacking the roots of seedlings 

immediately after seed germination [11]. 

Nematode feeding also creates open wounds 

that provide entry to a wide variety of plant 

pathogenic fungi and bacteria. These microbial 

infections are often more economically 

damaging than the direct effects of nematode 

feeding. A balanced soil ecosystem supports a 

wide variety of biological control organisms 

that helps keep nematode pest population in 

check. 

Earlier researches conducted on the use of 

extracts of Neem (Azadirachta indica), 

Mistletoe (Viscum album), Lantana (Lantana 

spp.), Lemon grass (Cymbogo nitrates), Castor 

oil (Ricinus communis L), Mustard (Brassica 

juncea) were reported to be effective in the 

control of root-knot nematode [8]. Also, [9] 

reported that the addition of compost decrease 

nematode pest and resulted in increased crop 

growth and yield. There is substantial evidence 

that the addition of organic matter in form of 

compost or manure will decrease nematode 

pest populations and associated damage to 

crops [17; 7; 1; 16]. This could be as a result of 

improved soil structure and fertility, alteration 

of the level of plant resistance, release of 

nemato-toxins or increased populations of 

fungal and bacterial parasites and other 

nematode-antagonistic agents [2]. Reduced 

nematode damage from increased organic 
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matter in soil is likely a combination of these 

interactions. Higher organic matter content 

increases soilôs water-holding capacity and 

supports thriving communities of the 

decomposers and predators that make up the 

soilôs digestive system. Thus, the aim of this 

research is to assess the effectiveness of 

organic and organo-mineral fertilizers, in the 

control of soil borne nematodes pest of okra. 

 

MATERIALS AND METHODS  

 

The study include screen house and field trials 

conducted between 2014 and 2015 cropping 

seasons at the teaching and Research Farm and 

screen house of the Ladoke Akintola 

University of Technology, Ogbomoso, 

Nigeria. Ogbomoso lies on longitude 4ô100E, 

latitude 8ô100N and is located in the guinea 

savannah zone of Southwestern Nigeria. The 

temperature ranges from 28-330C with 

humidity of about 74% all year except in 

January when there will be dry wind blow. 

Rainfall distribution is bimodal and extends 

eight to nine months of the year. On the 

average the annual rainfall is about 1,286 mm 

[10]. 

Organic and organo-mineral fertilizers used as 

treatments was collected from Sunshine 

fertilizer company, Akure, Ondo state while 

the soil sample and root knot infested plant 

materials were collected from Teaching and 

Research farm of Ladoke Akintola University 

of Technology, Ogbomoso, Nigeria. This soil 

had been earlier reported to be infected by root 

knot nematodes [9].  

At planting and immediately after harvest, 

250ml soil was collected from the 

experimental pots and field for nematode bio-

assay. The soil was assessed for nematode 

using microscope, as described by [18] and 

[15]. Nematodes would be identified using 

CIH Nematode description guides of the UK. 

Also, pre and post harvest soil samples was 

taken per block at the depth of 0 -15 cm for 

physical and chemical analysis, nematode 

population assessment and soil nutrient status.  

The sample taken was bulked to form a 

composite sample. Root gall indices were 

scored after [13] scale of 1 - 5. Nutrient 

analysis of the experimental soil, organo-

mineral and organic fertilizers were carried 

out.  

The experimental design was randomized 

complete block (RCBD) with four replications 

and the treatments were five levels of organo 

mineral fertilizers; 1.5 (T2), 2.0 (T3), 2.5 (T4), 

3.0 (T5), and 3.5t/ha (T6), five levels of organic 

fertilizer; 1.5 (T7), 2.0 (T8), 2.5 (T9), 3.0 (T10) 

and 3.5 t/ha (T11) and the control (T1) 

Greenhouse experiment: Each pot was 

inoculated with 5,000 nematode juveniles. 

Nematode susceptible okra seeds from Seed 

project, Kano were planted in each pot at 3-4 

seeds per pot, which was later thinned down to 

1 healthy plant per pot, and treatments (organo 

mineral fertilizer and organic fertilizer rates) 

were applied at two weeks after germination. 

Each treatment was replicated four times 

making a total of forty-four (44) pots. These 

were laid out in a randomized complete block 

design (RCBD). Control of insect pests was 

done by spraying with Neem based compost 

using hand sprayer according to [4]. 

Field experiment: The field experiments were 

carried out during the 2014 and 2015 cropping 

seasons. At planting, soil samples were taken 

and assessed for nematode population counts 

by the modified Baermann technique [18]. 

Nematode susceptible okra seeds from Seed 

project, Kano were planted at 3 -4 seeds per 

hole and later thinned down to 1(one) healthy 

seedling per stand at 1-week after germination. 

Treatments of organo mineral and organic 

fertilizers rates were applied in a randomized 

complete block design (RCBD) with four 

replications. The total experimental plot was 

33 by 15m (495 m2). Each treatment plot was 

of 3 by 3m plot size and each block was 

separated by a space of 1m. The crops were 

spaced out at a distance of 50cm by 1m. 

Control of insect pests was done by spraying 

with Neem based compost using hand sprayer 

according to [4]. 

Data were collected on plant height, number of 

leaves, fruit number and weight, root gall 

index, initial and final nematode population on 

the field and in the pot. Analyses of the data 

collected were carried out using ANOVA at 

5% level of probability where the separated 
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means were subjected to Duncan Multiple 

Range Test. 

 

RESULTS AND DISCUSSIONS 

 

The analysis of soil, organic and organo 

mineral fertilizer (Table 1) showed the 

presence of organic carbon, organic matter, 

nitrogen, calcium, potassium, sodium, iron, 

magnesium, zinc, copper, lead and cadmium to 

be moderate in the soil and high in the organic 

fertilizer which shows good management 

during its production and storage. Chromium 

and nickel were present in organo mineral 

fertilizer but were absent in organic fertilizer. 

 

Table 1. Result of the analysis of the soil, organo mineral and organic fertilizer 

 SOIL  OM OF 

pH 6.7 5.8 5.5 

Organic Carbon(%) 9.5 40.3 36.5 

Organic matter(%) 16.38 69.48 62.93 

Nitrogen(%) 1.74 4.4 3.7 

Calcium(CmolKg-1) 0.38 1.48 0.48 

Potassium(MgKg-1) 0.65 2.63 0.75 

Sodium(CmolKg-1) 0.57 2.74 0.53 

Iron(MgKg-1) 0.32 1.47 0.18 

Magnesium(MgKg-1) 1.02 1.63 0.38 

Zinc(MgKg-1) 1.18 1.8 0.12 

Copper(MgKg-1) 0.24 0.36 0.13 

Lead(MgKg-1) 0.1 1.23 0.02 

Cadmium(MgKg-1) 0.13 1.3 0.02 

Chromium(MgKg-1) 0.05 0.35 ND 

Nickel(MgKg-1) 0.04 0.23 ND 

OM = Organo mineral fertilizer, OF = Organic fertilizer 
 

The application of organic and organo mineral 

fertilizer had significant effects on the 

vegetative parameters taken. The height of 

okra plant in the field and the green house was 

affected by the treatments at 10WAP and  

6WAP respectively, where the addition of 

treatments at T3 , T4 T4 in field and T3 , T5 in 

green house  produced significant taller plants 

when compares with other treatments (Table 

2). 

At 10WAP, application of organo mineral 

fertilizer at T3 and T5 produced significantly 

higher number of leaf. In the green house 

however, organo mineral fertilizer rate of T2 

had significantly higher leaves number than 

other treatments.   

The yield parameters of okra was significantly 

affected by the organic and organo mineral 

inputs in this study. 

The addition of organo mineral at T3, T4 and 

organic fertilizer at T8 produced the highest 

number of fruits per plant (3.67) which was not 

significantly different from the addition of T2 

(3.33). In the green house trial however, T2, T3 

and T4 gave the highest number of fruits per 

plant (4.0).The mean weight of fruits was also 

significant in both experiments with treatments 

T2, T3 and T4 producing the highest mean fruit 

weight of 30.0 g, 32.01 g and 30.99 g 

respectively in the field and 48.69 g, 51.76 g 

and 40.52g respectively in the green house 

trial. 

The okra fruit yield was most favoured with the 

application of organic and organo mineral 

fertilizers in these studies. The treatments T3 

and T4 gave the yield of 2,349.6 kg/ha and 

2,274 kg/ha in the field trial, respectively while 

in the green house the same trend was observed 

with the least yield from the control (Table 4). 

Table 5 showed the effects of organic and 

organo mineral fertilizers inputs on the root 

gall index and nematode population in these 

study. The treatments had significant effects on 

the parameters taken. The root gall index 

decreased significantly due to the application 

of T7 in the field and T7, T8 in green house 

trial when compared with the control 

(untreated soil). 

The population of the nematode was also 

reduced drastically as a result of the application 
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of organic and organo mineral fertilizers. In the 

field trial the addition of T7 and T9 

significantly reduce the nematodes population 

while the treatments T4, T8 and T9 in green 

house trail when compared with other 

treatments. This agrees with [1]; [2] who 

reported the potential of some composted agro 

industrial wastes as a management option for 

suppression of plant-parasitic nematodes. 

Such suppression was also demonstrated for 

organic amendments derived from forestry 

industry residues [6]. The effect of organic 

amendments on suppression of plant parasitic 

nematodes may be due to enhancement of the 

indigenous soil micro fauna and flora [12].
 

Table 2. Effect of organic and organo mineral fertilizer on the mean height okra 

Treatments Field Greenhouse 

4WAP 6WAP 8WAP 10WAP 4WAP 6WAP 8WAP 10WAP 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 

T10 

T11  

7.00a 

7.33a 

7.33a 

7.33a 

7.33a 

7.33a 

7.00a 

7.00a 

7.00a 

7.00a 

7.00a 

7.67a 

7.67a 

7.67a 

7.67a 

7.33a 

8.00a 

7.33a 

7.67a 

7.33a 

7.67a 

7.67a 

7.67a 

8.67a 

9.00a 

9.00a 

9.00a 

8.67a 

9.00a 

8.33a 

8.33a 

8.33a 

8.33a 

8.00b 

9.00ab 

9.33ab 

9.67a 

9.33ab 

9.33ab 

9.33ab 

9.00ab 

9.00ab 

8.67ab 

8.67ab 

5.00a 

5.00a 

4.67a 

5.00a 

4.67a 

5.66a 

5.00a 

4.33a 

5.33a 

5.33a 

4.67a 

4.67b 

5.67ab 

5.33ab 

5.33ab 

5.00ab 

6.33a 

5.67ab 

5.00ab 

6.00ab 

5.33ab 

5.00ab 

6.00a 

7.33a 

7.33a 

7.33a 

7.00a 

7.66a 

7.67a 

6.00a 

7.33a 

6.33a 

7.00a 

7.33a 

10.00a 

9.00a 

8.00a 

9.67a 

9.67a 

10.00a 

6.33a 

9.33a 

8.33a 

9.33a 

 NS NS NS  NS  NS NS 

Means followed by the same letter(s) along the same column are not statistically different at 5% probability level 

according to Duncan Multiple. Range Tests (DMRT).NS: Not significant at 5% probability level. 

 

Table 3. Effect of organic and organo mineral fertilizer on the mean number of leaf of okra 

Treatments Field Greenhouse 

4WAP 6WAP 8WAP 10WAP 4WAP 6WAP 8WAP 10WAP 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 

T10 

T11  

10.33a 

10.00a 

10.50a 

11.17a 

11.33a 

10.00a 

9.50a 

10.17a 

10.17a 

10.50a 

10.00a 

18.67a 

22.78a 

22.00a 

22.33a 

23.23a 

22.00a 

20.67a 

22.44a 

20.33a 

21.77a 

21.00a 

27.57a 

31.57a 

29.23a 

33.00a 

33.90a 

31.67a 

29.67a 

30.44a 

30.23a 

29.57a 

28.57a 

32.67d 

49.33ab 

49.67a 

48.33ab 

51.00a 

47.67ab 

47.67ab 

45.67abc 

47.67ab 

42.00bc 

39.67c 

20.83a 

23.33a 

19.50a 

22.03a 

20.27a 

18.00a 

22.50a 

20.50a 

20.50a 

19.83a 

18.00a 

30.33ab 

39.33a 

30.67ab 

30.67ab 

30.67ab 

31.67ab 

33.33ab 

30.00ab 

32.33ab 

30.00ab 

29.00b 

36.00c 

59.33a 

46.33abc 

44.33abc 

45.33abc 

51.00abc 

51.67ab 

40.00bc 

50.67abc 

41.00bc 

42.00bc 

40.33d 

67.33a 

65.33a 

62.67ab 

58.33abc 

60.67ab 

61.33ab 

54.00bc 

59.67ab 

48.33cd 

48.33cd 

 NS NS NS  NS    

Means followed by the same letter(s) along the same column are not statistically different at 5% probability level 

according to Duncan Multiple Range Tests (DMRT). NS: Not significant at 5% probability level. 
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Table 4. Effect of organic and organo mineral fertilizer on the mean yield of okra 

Treatments FIELD  GREENHOUSE 

No of fruit/plt Mean Fruit 

Weight (g) 

Yield 

(Kg/Ha) 

No of fruit/plt Mean Fruit 

Weight (g) 

Yield 

(Kg/Ha) 

T1  

T2  

T3  

T4  

T5  

T6  

T7  

T8  

T9  

T10 

T11 

1.67b 

3.33a 

3.67a 

3.67a 

2.33ab 

2.33ab 

3.00ab 

3.67a 

3.33a 

3.00ab 

3.00ab 

16.87c 

31.04a 

32.01a 

30.99a 

22.97bc 

22.82bc 

24.75ab 

29.24ab 

28.95ab 

26.88ab 

22.34bc 

563.4d 

2,067.3ab 

2,349.6a 

2,274.7a 

1,070.4cd 

1,063.4cd 

1,485.0c 

2,146.3ab 

1,928.1b 

1,612.8bc 

1,340.4c 

2.00d 

4.00a 

4.00a 

4.00a 

3.33abc 

2.67bcd 

3.67ab 

3.67ab 

3.67ab 

2.67bcd 

2.33dc 

13.80g 

48.69a 

51.76a 

40.52b 

29.57cde 

24.99def 

29.96cde 

32.62bcd 

33.74bc 

22.34ef 

20.67fg 

552.0f 

3,895.2ab 

4,140.8a 

3,241.6b 

1,969.4d 

1,334.5e 

2,199.1cd 

2,394.3c 

2,476.6c 

1,193.0ef 

963.3ef 

Means followed by the same letter(s) along the same column are not statistically different at 5% probability level 

according to Duncan Multiple Range Tests (DMRT). NS: Not significant at 5% probability level. 

 

Table 5. Effect of organic and organo mineral fertilizer on the root gall index and nematode population 

Treatments FIELD  GREENHOUSE 

Mean Root 

Gall Index 

Initial nematode 

population 

(200 ml soil) 

Final nematode 

 population 

(200 ml soil) 

Mean Root 

Gall Index 

Initial nematode 

population 

(200 ml soil) 

Final nematode 

 population 

(200 ml soil) 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T9 

T10 

T11 

4.00c 

2.67bc 

2.00b 

3.67c 

2.67bc 

2.67bc 

1.67a 

2.67bc 

2.33b 

2.33b 

2.67bc 

1,001 

987 

996 

1,005 

980 

991 

970 

1,001 

990 

1,004 

997 

2,175d 

1,750bc 

1,770bc 

1,925c 

1,755bc 

1,700b 

1,552a 

1,760bc 

1,600a 

1,650ab 

1,720bc 

3.33c 

2.33bc 

2.00b 

1.67a 

2.33bc 

2.33bc 

3.00c 

1.67a 

1.67a 

2.00b 

2.00b 

980 

975 

950 

910 

965 

950 

980 

900 

895 

915 

940 

1,500c 

1,320bc 

1,250b 

1,170a 

1,300bc 

1,310bc 

1,250b 

1,180a 

1,150a 

1,200b 

1,155a 

Means followed by the same letter(s) along the same column are not statistically different at 5% probability level 

according to Duncan Multiple Range Tests (DMRT). NS: Not significant at 5% probability level. 

 

CONCLUSIONS 

 

The addition of the different fertilizer types 

gave a significant increase in the height and 

number of leaves of okra plants as compared 

with the untreated control. This work agrees 

[5] who reported that application of organic 

manure gave vigorous development in plant 

which is indicated in plant length, number of 

leaves, stem as well as shoot dry weight. 

Similar result was reported by [10] that the 

growth parameters such as plant height and 

number of leaves showed increasing response 

in pepper when treated with two levels of 

nitrogen, phosphorus and potassium 15-15-15 

fertilizer (NPK) (0 and 250 kg. ha-1), five 

levels of organo mineral fertilizers (0, 2, 3, 4 

and 5 t. ha-1) and their various combinations. 
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There were significant reduction in the final 

nematode population and the root gall index in 

many of the treated okra plants as compared 

with the control. Based on the result of this 

study, it is obvious that root-knot nematode 

disease on okra can be effectively controlled 

and good yields obtained with the application 

of organic or organo mineral fertilizers. 
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Abstract 

 

The study determined and assessed the push and pull factors influencing participation of people in fish farming 

enterprise with a view to reducing fishpond abandonment in the State. Multistage and proportionate sampling 

procedure was employed to select 240 fish farmers from the three agricultural zones of the State. Data were collected 

with validated and structured interview schedule. The data were described with percentage, mean and standard 

deviation while inferences were drawn with factor and regression analyses. Results showed the mean age of the 

farmers to be 48± 9 years. Majority were married with household size of 6±3 people. The farmers had good formal 

education. Out of the nine factors isolated to influence participation in fish farming, only three were identified to pull 

people into the enterprise while six pushed people away. It was then concluded that if the scenario should continue, 

the future of fish farming is bleak in the country and the cost of fish importation would continue to be on the high side. 

 

Key words: determinant, push and pull factors, participation, fish farmers 

 

INTRODUCTI ON  
 

Nigeria being an agrarian society has great 

employment potential for the countryôs 

teeming population in fish farming due to 

friendly and fish farming sustainable 

environment. But despite these outstanding 

potentials (which ranges from fish breeding, 

fish production, processing and marketing of 

fish and fish products), there are quite a large 

number of unemployed individuals who do not 

see fish farming enterprise as a worthwhile 

means of livelihood. Fish farming is uniquely 

placed to reverse the declining supplies from 

captured fisheries and the activity has notable 

potentials for new livelihood opportunities, 

providing the mechanism for lower priced fish, 

enhanced nutritional security and employment 

for poor communities by servicing urban 

markets [15]. However, there are factors 

attracting (pull) and repelling (push) from this 

enterprise. [3] reported that despite the wide 

acceptance of fish farming as an income 

generating activity in Nigeria, its contributions 

to total domestic fish production has not been 

very encouraging. Today, aquaculture is the 

fastest growing livestock production sector in 

Nigeria, with a growth of about 29% in 2006 

alone, and with prospects of continued growth. 

This is because demand for fish is on the 

increase line with population growth, while 

catches from fisheries are on the decline, even 

globally [9]. Nigeria as the second largest 

aquaculture producer in Africa only produced 

200,535 tonnes in 2010 [11]. There is huge gap 

between demand and production of fish in 

Nigeria, the gap was 0.22 million tonnes in 

2012 [11]. In 2010 alone, for instance, 

Nigeriaôs fish demand stood at 2.66 million 

metric tons, and the country had to spend 100 

billion naira on fish importation annually [18].  

However, [8] reported reasons for slow growth 

in fish production in African countries as 

including; technical problems such as poor 

species, inadequate finance for fish farming, 

input and political and or economic instability. 

Some of these reasons may push individuals 

away from fish farming. Movement in and out 

of fish farming is very dynamic and the rate at 

which individuals are pulled and pushed from 

fish farming are part of an adjustment and 

restructuring in the farming industry which 

operates with different intensities at different 

times depending on a combination of 
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exogenous and endogenous pressures [7]. This 

distinctive pattern would rather likely depend 

on both the push and pull factors. 

Nigeria is one of the largest importers of fish 

with a per capita consumption of 7.52 kg and a 

total consumption of 1.2million metric tonnes 

with imports making up about 2/3 of the total 

consumption. Aquaculture, the rearing of fish 

and other aquatic organisms, has high 

prospects in Nigeria. With a projected 

population of 139.1 million people in 2007, the 

fish demand is estimated at 1.06 metric tonnes, 

while supply stands at 0.81 metric tonnes 

leaving a deficit of 0.25 metric tonnes [10]. 

However, local fish production has been below 

consumption with imports accounting for 

about US$ 48.8 million  (N7.8 billion) in 2002 

[6]. The development of the fish industry will 

increase local production of fish and save much 

of the foreign exchange being used for fish 

importation. Specifically, fish farming has a 

special role of ensuring food security, 

alleviating poverty and provision of animal 

protein. Less than 50% of the total annual fish 

consumed by Nigerians are produced locally. 

There is, therefore, the need not only to 

maximize the exploitation of the nationôs 

fishery resources but to concentrate more on 

the development of aquaculture which has the 

greatest potential to increase fish production 

for local consumption and export. Despite 

these opportunities, some individuals still 

abandon their fish farms for other enterprises. 

The question is, what are the factors pushing 

people away from this resource filled 

enterprise? What pulled them into it initially? 

Some researchers have been able to establish 

the prospects and challenges of fish farming as 

well as its profitability as an economic activity, 

such include; [4], [5] and [13]. Reports from 

literature contain abundant information on fish 

farming with little emphasis on push and pull 

factors influencing peoplesô participation in the 

enterprise, hence the need for this study. In the 

light of the above, the study provides answer to 

the following research questions: What are the 

socio-economic characteristics of fish farmers? 

Why do people participate in fish farming? 

Why do people abandon fish farming? What 

are the pull and push factors influencing fish 

farming? 

Objectives of the study 

(i) describe the socio-economic characteristics 

of the fish farmers in Osun State; and 

(ii) examine the push and pull factors 

influencing participation in fish farming. 

 

MATERIALS AND METHODS  

 

Study area 

This study was carried out in Osun State of 

Nigeria. It is located in the South western 

region of the country and lies within 

coordinates 7o30ǋN, 4o30ǋE. The mean annual 

temperature ranges between 27.20C in the 

month of June and 39.00C in December. The 

rainfall ranges between 1,420 mm in the 

rainforest belt to 1,133 mm in the savanna. The 

vegetation allows for agricultural production 

which provides an enabling environment for 

the inhabitantsô major occupation, which 

includes various agricultural activities. They 

are also involved in some non-farm activities.  

Target population, sampling procedure and 

sample size. 

Fish farmers in Osun State were the tar get 

population for this study. A multistage and 

proportionate sampling procedure was adopted 

for the sample selection. At the first stage, 

20per cent of the LGAs in each zone were 

selected. This was followed by proportionate 

selection of six LGAs from the zones. Four 

communities prominent with fish farming were 

purposively selected from each LGA. Finally, 

systematic sampling technique was used to 

select ten fish farmers from the list of fish 

farmers from each selected community. A total 

of 240 fish farmers were selected and 

interviewed for the study. 

Reliable and thoroughly validated interview 

schedule was adopted for the study. Data 

collected were described with mean and 

standard deviation while factor analyses and 

regression were used to make inference. 

Measurement of variables  

There are two major variables, dependent and 

the independent variables. Dependent variable 

was participation. This was measured on a five 

point Likert type of scale. This was scored 
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from 0 ï 4 and a participation index was 

generated which was used to run against other 

independent variables. 

Independent variables were measured either on 

a binary scale of yes or no or direct figures 

given by the respondents were used as in case 

of age, number of years spent in formal 

education, number of extension contact among 

others. All the variables were subjected to 

varimax rotation to generate factor which were 

later regressed to show the direction and 

magnitude of the factors.  

 

RESULTS AND DISCUSSIONS 

 

Socio-economics characteristics 

Results in Table 1 show that majority (83.4%) 

of the respondents were middle aged (41-60 

years) and still in their productive years in fish 

farming. The mean age of the respondents was 

48±9 years. This result shows that a higher 

proportion (83.3%) of the respondents were 

male. Also that a little more than half (52.1%) 

were Muslim and the remaining 47.9 per cent 

were Christian. Majority (94.2%) of the 

respondents were married with only 4.6 per 

cent being single and the remaining 1.2 per 

cent was widowed. The mean household size 

was 6±3. Findings showed that fish farmers in 

the study area were highly educated. This 

might be due to the technical know-how 

involved and high technicality required of fish 

farming. This finding corroborates that of [16], 

[13] and [14]. 

Factors influencing peopleôs participation in 

fish farming. 

The factors influencing participation is further 

divided into push and pull factors to show 

those factors that are attracting farmers and 

those that are repelling them from fish farming 

enterprise. 

In an attempt to categorize the various 

variables influencing peoplesô participation in 

fish farming, factor and component analysis 

were used to isolate the crucial factors 

influencing participation in fish farming. 

The relevant variables were inter-correlated 

and ran with varimax factor rotation pattern to 

produce uncorrelated factors. 

Results showed the varimax rotation with the 

variables and the correlation values. Variables 

with high correlation were considered where 

only nine of the thirteen listed variables had 

their Eigen values above one. 

 
Table 1 Distribution of respondents by some selected 

personal and socio-economic characteristics 
Variables Frequency Percentage Mean Standar

d 

Deviatio

n 

Age     

<  30 15 6.3   
31 ï 40 35 14.5   
41 ï 50 100 41.7   
51 ï 60 76 31.7   
61 ï 70 12 5.0   
> 70 2 0.8 48.0 9. 
Religion     
Islam 125 52.1   
Christian 115 47.9   
Marital 

status 
    

Married 226 94.2   
Widowed 3 1.3   
Single 11 4.5   
Household 

size 
    

1 ï 4 59 24.6   
5 ï 8  134 55.8   
9 ï 12 35 14.6   
13 ï 16 6 2.5   
> 16 6 2.5 6.4 3.3 
Education 

status 

No formal 

educ.  

Primary 
educ. 

Secondary 

educ. 
Tertiary 

educ. 

 

 

10 

 

60 
 

82 
 

88 

 

 

4.2 

 

25 
 

34.2 
 

36.7 

  

Source: Field survey, 2015. 

 

The factor name ascribe to each group of 

variance was given based on the following 

criteria as used by [12], [17]: 

(i)The researcherôs subjective interpretation of 

experience from literature. 

(ii)Picking synonyms of the highest loading 

variable on each factor 

(iii)Retaining the name based on the similarity 

of the features of the variables contributing to 

each other. 

Results in Table 3 show the names of the nine 

factor groups extracted as follows:  Factor 1-

Economic factor which accounted for 14.49 

per cent, factor 2 ï Information factor which 

accounted for 12.71 per cent, factor 3ï 

Farming type factor which accounted for 10.76 
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per cent, factor 4 ïPersonal characteristics 

factor which accounted for 7.61per cent, factor 

5 ï Family related factor which accounted for 

6.78 per cent, factor 6- Output factor which 

accounted for 5.65 per cent, factor 7 ï 

Maintenance cost factor which accounted for 

4.24 per cent, factor 8 ï Accessibility factor 

which accounted for 3.57 per cent and Factor 9 

ïManagement practices factor which 

accounted for 3.53 per cent. 
 

Table 2. Results of varimax rotated component matrix showing correlation coefficient of highly loaded variables 

Variables Factors 

1 2 3 4 5 6 7 8 9 

 

Age  -.442   .507     

Sex       .382  -467 

 

Marital status    .456 .453     

Religion    -.316   .432   

Household size .407    .622     

Educational status  .615   -.309 .502    

Years of formal education  .687    .450    

Number of catfish rearing 

practiced 

  -.663  .348     

Type of fish rearing 

practiced 

  -.663  .348     

Cosmopoliteness  .576 -.518  1     

Organization membership .399 .549  .347      

Source of information .412 .547 .363  .455     

Total income from fish 

farming 

.835         

Distance from residence 

to fish farming 

.367 .317    -.381    

 

Distance from farm to 

market 

 .360 .324   -.322  .363  

Location of fish pond  .355 .318     .359 -320 

Type of stocking practice   -.469      -315 

 

Number of cropping  .423 -.365   -.331 -.302   

Times of feeding per day       -.592  .310 

Year of experience -.672         

Size of fish farm .340 -.501        

Age of pond .323 -.501        

Total production in kg .855         

Number of fish seeds 

stocked 

.783         

Source of loan .316  .648       

Source of input    .315      

Benefits of fish farming    -.804  .303    

Problem of fish farming    -.804  .303    

Source: Computed from results of factor analysis, 2015 

 

All the factors accounted for 69.4 percent of 

the variance of the dependent variable. This is 

encouraging and shows that the variables 

pulled together accounted for a good 

percentage of the factors influencing 

participation of fish farmers in fish farming 

enterprise. 

Push and pull factors influencing 

participation in fish farming.  

Results in Table 4 show the regression co-

efficient of push and pull factors influencing 

participation in fish farming. The regression 

model summary showed that all the crucial 

factors isolated were highly correlated (R= 

0.886) with participation in fish farming. The 
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R2 = (0.784) shows that 78.4 per cent of the 

factors isolated were associated with 

participation of farmers in fish farming. The 

remaining 21.6 per cent were responsible for 

the uninvestigated factors not isolated in the 

study. 
 

Table 3. Table showing the factor names, Eigen values 

and percentage contribution 
Factor

s 

Names Eigen 

value 

Percentage 

Contributi

on 

Cumulativ

e 

percentag

e 

1. Economic factor 4.494 14.496 14.496 
2. Educational 

factor 
3.940 12.710 27.205 

3. Farming type

  
3.336 10.762 37.967 

4. Personal 

characteristics 
2.361 7.617 45.585 

5. Family related

  
2.103 6.785 52.369 

6. Output factor 1.751 5.650 58.091 
7. Maintenance cost 1.315 4.243 62.262 
8. Accessibility 

factor 
1.109 3.578 65.840 

9. Management 

practices 
1.095 3.532 69.372 

Source: Derived from the results of factor analysis, 

2015. 

 

Factor 1 (Economic factor) was positively and 

significantly correlated with participation (b = 

0.076; p< 0.02). This shows that this factor 

might likely pull farmers to participate in fish 

farming. Economic factor included income 

from total production in fish farming as well as 

low cost on labour, input and other expenses. 

The more the income, low cost on labour and 

low input cost, the more the farmers are 

attracted or pulled into fish farming. 

Factor 2 (Information factor): This factor was 

negatively significant to participation in fish 

farming. Information factor in this case may 

push farmers away from participating in fish 

farming. This might be true because the 

extension agents who were supposed to 

disseminate the right technological 

information to the fish farmers were very few 

in number in the State. Information is very 

essential for success in fish farming as stated 

by [3]. Fish farmers might receive information 

from friends and neighbours, different 

organisations etc. These pieces of information 

might not be very correct and might lead to 

reduced productivity when put into practice. 

This might discourage some farmers, thereby 

reducing their level of participation. 

Factor 3 (Fish farm related characteristics 

factor): This factor was also negatively 

significant (b = -2.731; p < 0.05). This factor 

included location of fish farm, as well as size 

of pond. This shows that this factor might push 

away farmers from participating in fish 

farming when not appropriate. When the 

location of fish farm was not favourable in 

terms of availability of water, when the size of 

the pond is not big enough this might not yield 

expected returns thus push farmers away from 

participating in fish farming. Also the type of 

stocking practiced when not properly done will 

negatively influence their participation.  

Factor 4 (Personal characteristics factor): This 

factor was positive and significantly related (b 

= 0.054; p < 0.05). This showed that the more 

favourable the personal characteristics of a 

farmer, the more his or her participation in fish 

farming. Personal characteristics in this case 

included age, household size and attitude of 

farmers. This factor might likely pull farmers 

to participate in fish farming. 

Factor 5 (Family related factor): This factor 

showed a negative significant relationship (b = 

-1.214; p < 0.02). This showed that the factor 

might likely push farmers away from 

participating in fish farming. Family related 

factor included size of household. If the 

household size continues to increase, 

smallholder fish farmers might not be able to 

meet the family needs. Thus, reduces 

participation in fish farming. 

Factor 6 (Educational factor): This factor was 

negative and significantly related to 

participation in fish farming (b = -1.997; p < 

0.05). This factor might likely push farmers 

away from fish farming. This might be true 

because the more educated a farmer is, the 

more the tendency for him or her to have 

another occupation, thus practicing fish 

farming on part time bases. This might be due 

to his engagement in other occupational 

activities which would yield better income. 

High education of the respondents might 

account for the percentage practicing part time 

fish farming. 

Factor 7 (Maintenance cost factor): This factor 

was positively significant to participation in 

fish farming (b = 0.058; p < 0.05). This factor 

may attract or pull farmers into fish farming. 
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This was evidenced when the fish farming 

maintenance cost was very low, thus increasing 

income for farmers. On the other hand, if the 

cost of maintenance of the fish farm was high, 

it might cause farmers to be pushed away from 

fish farming. However, scholars had reported 

that fish farmers were using their family 

members as labour on the farm, thereby 

reducing cost of maintaining fish farms [1]; 

[3]; [14] and [2]. 

 
Table 4. Showing the regression analysis of the isolated 

factors to identify push and pull factors influencing 

participation in fish farming 
Factors Unstandardized 

coefficient (B) 

Standardized 

coefficient (b) 

Significant 

coefficient 

Constant 73.336  0.009 
Factor 1 2.427 0.076 0.020 
Factor 2 -20.287 -1.169 0.005 
Factor 3 -40.365 -2.731 0.040 
Factor 4 1.137 0.054 0.032 
Factor 5 -34.491 -1.214 0.023 
Factor 6 -54.254 -1.997 0.012 
Factor 7 2.097 0.058 0.035 
Factor 8 -17.151 -0.285 0.051 
Factor 9 -81.299 -1.970 0.060 

R = 0.886; R2 = 0.784; Adjusted R2 = 0.138  

Source: Computed from results of factor analysis, 2015. 

 

Factor 8 (Accessibility factor): This factor was 

negatively significant to participation in fish 

farming (b = -0.285; p < 0.05). When fish 

farmers do not have easy access to his/her 

farms, the fishes may not be fed well and 

routine management practices may also suffer. 

This may lead to low production, thus serve as 

a push factor that might discourage fish 

farming, thereby become a push factor. 

Factor 9 (Management practices related 

factor): This factor was negatively significant 

(b = -1.970, p < 0.1). This is at 10% level of 

significance. Since this factor was negatively 

correlated, it might serve as a push factor from 

participating in fish farming. [3] reported that 

since fish farmer extension agents were few on 

the field, many farmers resulted to trial and 

error management practices which might not 

be favourable to production. When 

productivity continues to be on the decline, 

farmers might be discouraged from 

participating in such enterprise. In addition, 

aged fish farmers who were tradition bound 

might not be familiar with modern 

management practices since extension agents 

were few thus continued to have reduced 

productivity which might discourage fish 

farmers from the enterprise, as a result be 

pushed away from production. 

The findings revealed that only three factors 

(Economic, personal characteristics and 

maintenance cost) were pull factors while six 

factors (Information, fish farm characteristics, 

family related, educational, accessibility and 

management practices related) were push 

factors. This implies that there were more push 

factors than the pull factors; If this scenario 

should continue, the future of fish farming is 

bleak in Osun State in particular and Nigeria as 

a whole. 

 

CONCLUSIONS 

 

In conclusion, fish farming which is believed 

to be a highly productive venture has both push 

and pulls factors which are agitating against its 

success. However, the push factors are more 

than the pull factors in Osun State which is an 

indication that fish farmers are gradually been 

pushed out of the enterprise. If the trend should 

continue unchecked, few fish farmers would be 

left in the enterprise in the nearest future and 

more foreign exchange would be spent to 

import fish for the populace. 

From this study resulted the following 

recommendations: 

-Cost of input in fisheries should be subsidised 

by the government. 

-More fishery extension agents should be 

recruited to train farmers on a regular basis. 

-Fish farming should be made attractive to the 

youth in order to improve the number of 

participants in the enterprise. 

-The push and pull factors should be 

considered when planning programmes for the 

fish farmers. 
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Abstract 

 

This paper analyzed the plantain value chain in Ondo State, Nigeria. It identified the various actors in the plantain 

value chain and their functions, mapped out the various segments, their linkages and the overall plantain value chain 

and identified the value added at each segment of the value chain. One hundred and seventy seven respondents were 

selected using multi-staged sampling technique and interviewed using structured questionnaire, informal interview 

and observation techniques to obtain the primary used. This was analyzed using functional and analysis. Result from 

the functional analysis, amongst other characteristics, showed that there were eight major actors or segments in the 

plantain value chain in Ondo State, Nigeria. They are the input suppliers, farmers, processors, marketers, consumers, 

transporters, cooperative societies and farmers association. This paper concluded that plantain farming is still lowly 

mechanised and processing has not been fully developed to explore the various value addition options available in 

this sector. More value can still be added to the product and more upgrading could still be done in the chain. More 

actors can also take advantage of the prevalence of plantain in the state. In addition, the government and private 

research institutions should pay attention to the training needs of the farmers so as to properly harness the 

comparative advantage that the state has above others states in the production of plantain. 

 

Key words: actors, segments, Plantain, value chain 

 

INTRODUCTION  

 

Kaplinsky and Morris (2002) defined the value 

chain as ñthe full range of activities, which are 

required to bring a product or service from 

conception, through the different phases of 

production (involving a combination of 

physical transformation and the input of 

various producer services), to delivery to final 

consumers, and final disposal after useò. As 

shown in figure 1, the value chain can 

generally be separated into five stages: input 

supply, primary production, processing, 

marketing and consumption. On every stage 

one to several different actors can be found. 

The input supply considers everything from the 

seeds to the technical equipment that is needed 

for the production of the concerned product. 

The primary production meaning all activities 

(sawing, fertilizing, and harvesting) needed to 

produce raw material like grain or vegetables 

follows input supply. The next stage in the 

process is trade and marketing. The processed 

products have to be transferred to the places of 

demand and distributed and sold there. 

Marketing can be done directly by the 

producers or processors, but the higher the 

amount and quality of the traded goods the 

higher are the requirements about marketing. 

The last stage is consumption of a good. Even 

though the consumer does neither participate in 

the production process nor add value to the 

product, he is part of the chain as in most cases 

the consumer is the driving power of the whole 

process. Therefore consumer demand is the 

determining factor for the kind, amount and 

quality of a product. [11] 

Plantains (Musa acuminata) is an important 

food crop in the humid forest and mid-altitude 

zones of sub-saharan Africa. Plantain is one of 

the major staple food in Nigeria, it had the 

highest percentage increase in output over 

years 1999 to 2003 - implying the existence of 

market potential and increase production in the 

country. Plantain has become a key source of 

revenue as they are not only traded within the 

country, but also exported to other continents 

including Europe. The status change from food 

to food/cash crop enhances its importance [9]. 

In terms of gross value of production, plantain 

is one of the most important fruits in 

developing world [1]. Plantain yields, 
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however, have been seriously declining, 

threatening food security and the livelihoods of 

millions of subsistence farmers and their 

families in the country. Production needs to be 

intensified to realize value-added chains, while 

sustaining the natural resource base. 

 
Fig. 1. Five stages of a value chain 

Source: [1 

 

From time immemorial, agricultural 

development in Nigeria has always been 

hampered by lack of efficient and viable agro-

processing and storage facilities resulting into 

post-harvest losses, particularly in the plantain 

value chain. The annual post-harvest losses 

recorded by the Nigerian farmers constitute 

greater threat to food security, socio-economic 

living conditions of the populace and by 

extension sustainable growth and development 

of the Nigerian economy especially in the face 

of the global financial crisis bedevilling 

national economies. Post-harvest losses have 

been a constraining factor in plantain 

production such that increase in yield brought 

about by advances in technologies through 

research did not make any significant impact 

on the economy of small scale farmers. This is 

why analysis and strengthening of the 

agricultural value chain become imperative.  

Analysis of the plantain value chain in Nigeria, 

as contained in this paper, looks at the whole 

process of effective utilization of resources in 

the plantain value chain to create a competitive 

advantage that would provide a lower cost and 

higher profit. This study is important because, 

as opined by Sanusi (2011), ñwith value 

addition (in the plantain value chain), post-

harvest losses will be reduced to the barest 

minimum, farmers can earn more income from 

their endeavor and food security can be better 

enhanced as it removes the effect of seasonality 

in the food supply chain and promote exportò. 

There is no doubt that backward and forward 

linkages of plantain plantation would ensure 

steady supply of plantain fruits which would 

further stimulate the establishment of plantain 

processing industries. This would open 

opportunities for businessmen in marketing 

plantain products. These activities result in 

new commercial ventures translating into other 

new demand and savings which are the key 

factors in economic growth [5]. 

 

MATERIALS AND METHODS  

 

The study area is Ondo State. Ondo State is 

located in the South-western Zone of 

Nigeria.  The State lies between longitudes 

40301 and 60 East of the Greenwich Meridian, 

50 451 and 80 151 North of the Equator [12]. 

The respondents for this study were various 

categories of actors in the plantain value chain. 

A multi-staged sampling technique was used to 

select these respondents from six villages 

which were purposively selected due to the 

prevalence of plantain production. They are 

Ogbese (Akure North), Akponmu (Akure 

South), Idanre (Idanre), Laje (Ondo west), 

Odigbo (Odigbo) and Ode Irele (Irele) 

respectively. Seven farmers were selected from 

each of these communities, making a total of 

42 farmers in all.   

Also, six major commercial nerve centers were 

purposively selected. They are Akure, Ondo, 

Owo, Ikare, Okitipupa and Ore. One input 

supplier, 5 processors, 5 consumers and 1 

exporter each were interviewed from each 

Input 
supply

Production Processing Marketing Consumption
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local government giving a total of 5 input 

suppliers, 30 processors, 30 consumers and 5 

exporters. Furthermore, three major produce 

market where plantain is predominantly sold 

were selected namely, Ogbese, Emure-Ile and 

Owena Markets respectively. Fifteen (15) 

marketers were interviewed from each of the 

produce market making a total of 45 marketers 

interviewed. Primary data were collected with 

the aid of well-structured questionnaire, 

interview format and observations. Secondary 

data were collected from the Ministry of 

Agriculture, Ministry of Commerce and 

Industry, Agric Input Supply Agency (AISA) 

and from the internet. Functional analysis 

using descriptive statistical tools such as tables, 

charts and percentages were used to analyse 

data collected. Functional analysis was used to 

identify, upstream, the principal providers of 

inputs and services which feed into production. 

The roles and functions of these agents were 

identified. [4]. The functional analysis table 

shows the principal functions in the chain, the 

agents, (or aspects of agents) carrying out these 

functions and the principal product of the chain 

(the various forms into which it is transformed 

throughout the chain).  

 

RESULTS AND DISCUSSIONS 

 

There were several actors in the plantain value 

chain in Ondo State, Nigeria. The various 

segments and actors are discussed below. 

Input Supply Segment 

The input suppliers in the plantain value chain 

were involved in the lease and sale of farm 

machineries and implements, fertilizers, 

pesticides, herbicides and fungicides to the 

plantain farmer. They also met the training 

needs of plantain farmers in the State in terms 

of the use of appropriate agrochemicals and 

improved suckers varieties.  

Fig. 2. Value chain diagram showing activities in the input segment of the plantain value chain 

 

Agrochemicals were either supplied by 

wholesalers and retailers in the open market at 

the prevailing market rate or by the State 

Government through the Agricultural Input 

Supply Company (AISC), which has its head 

office in Akure, the Stateôs capital. The latter 

supplied these inputs at prices subsidized by 40 

- 50% but faced the challenge of inadequate 

supply due to lack of finance. Except for 

individual efforts by few farmers, sucker 

multiplication was not done in the state. 

Farmers rather procured suckers from existing 

farms. Information delivery from research 

institutes to farmers was very poor and at its 

lowest ebb as private individuals involved in 

input supply saw it as a profit making business 

and the government arm (AISC)  saddled with 

this responsibility was short of funds for 

operation. 

The map of this segment of the value chain is 

shown in Fig.2. 
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Farmers carried out land preparation for 

planting of the suckers, farm maintenance and 

management and harvesting of the plantain 

bunches when they matured. They were also 

involved in processing (for sale and household 

consumption) and marketing of 

plantain.Although both men and women 

produced plantain in Ondo State, the enterprise 

was highly male ï dominated as 98.0% of the 

pooled farmers was made up of men. Similarly, 

bulk (93.0%) of the farmers was married. This 

probably suggested that family labour was an 

important input in the enterprise. Thirty one 

(31.0%) per cent of the farmers had secondary 

education while 29.0% had tertiary education. 

Farmers with tertiary education took to 

plantain farming after schooling as a means to 

make ends meet while they searched for other 

better paying white collar jobs. Those with 

secondary education were older men who 

either farmed as their major occupation and 

other sources of income to support it. This 

generation of older men would soon pass on, 

leaving the younger generation who only saw 

farming as a last resort and as a way to make 

ends meet rather than as a business and gainful 

means of employment. 

Results showed that 26.2% of respondents had 

their farm sizes between 0.5 to 0.99 hectares. 

Mean land area cultivated per farmer was 2.81 

ha. This revealed that land area cultivated in 

plantain production in Ondo State was still 

low. The cocoa/plantain intercrop and the bush 

plantain farming systems was practiced by 

45.0% of farmers interviewed respectively. 

About thirty five (34.97) hectares of the total 

land area cultivated was under the plantain / 

cocoa intercrop system while 74.05 hectares 

was cultivated under the bush plantain farming 

system. The farm sizes and production systems 

of plantain farmers in Ondo State had a lot to 

say about the attitude of farmers to plantain 

farming and the reason for the observed low 

yield in plantain farms across the State. The 

implication of this was that there was no focus 

on the cultivation of plantain as a cash crop 

with great export value. Plantain was only 

cultivated at subsistence level or at best to 

generate income for the farmerôs family 

notwithstanding the fact that the state had great 

potentials, in terms of climate and soil texture, 

for the production of this crop. Results also 

showed that 50.0 % of farmers had their houses 

from 6km and above away from the farm. 

Proximity of farm to market lessened the cost 

of transportation and losses through 

inappropriate loading in the bus while long 

distance resulted in product loss, low profit and 

value added. 

Respondents who cultivated plantains for the 

dual purpose of consumption and sale had the 

largest proportion (83.3%) of the pooled 

farmers as well as the highest hectarage of 80.5 

ha. 

On the other hand, farmers who cultivated the 

crop for consumption purpose alone were 

fewest (2.4%) and operated an almost 

negligible hectarage of 0.8ha. it is interesting 

to observe that although the farmer who 

planted plantain solely for commercial purpose 

accounted for approximately 14.0% of total 

respondents, they operated a land area of 

approximately 35 ha. This indicated that 

commercialization of crop production made 

the farmers have relatively large farm sizes. 

About sixty percent (59.5%) of the farmers 

interviewed sold suckers to other farmers 

either in bits or as a business. 40.5% of the 

farmers interviewed didnôt sell suckers. They 

either gave them out as gifts or used it to 

expand their farms. The sale of suckers was 

also an additional source of income for the 

farmerôs family. Source of capital was an 

important determinant of the size of farm 

holdings and whether the farm was subsistence 

or commercial. Result showed that 76.1% of 

the farmers interviewed farm with their own 

capital alone. This further explained the 

subsistent nature of plantain farming in Ondo 

state. Inadequate access to credit, high interest 

rate and fragmentation of farm holdings 

accounted for this. Also, 76% of the farmers 

interviewed had no access to formal credit at 

all while only 23.8% have access to formal 

credit for plantain farming. The reason 

attributed to this by some of the farmers was 

that the farmerôs union, which loans money to 

its members and liaise with the government to 

make credit available to its members, no longer 

existed. Also, because farmers did not have the 
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required collateral security, it was extremely 

difficult, if not impossible, to get loans from 

commercial banks.
 

 
Fig. 3. Value chain showing activities in the farmerôs segment of the plantain value chain 

 

Processing Segment 
Processors were involved majorly in adding 

form value to plantain by transforming it into 

various products. Majority of these processors 

(80.0%) were fried plantain chips processors. 

This was because plantain chips is a major 

snack consumed and there was high demand 

for it.  Small scale processors of plantain 

processed between 11/2 to 4 (four) bunches 

every day. Processing was often manual and 

plantain was sourced from their own farm, 

neighbouring farms or from neighbourhood 

markets. Other sources of income for small 

scale processors were farming and sale of 

provisions. Seasonality in plantain supply and 

the consequent rise in price during the off 

season had great impact on several small scale 

processors survival and their stay in the value 

chain. Large scale processors of plantain chips 

processed between 40 to 50 bunches of plantain 

every day. They visited local produce markets 

or made arrangement with farmers such that 

they harvested on the days they had been pre ï 

informed of their coming to purchase plantain. 

Plantain chips made by large scale processors 

was often sliced in round flat or diced, fried at 

designated factories, and packaged in 80g 

packets or packaged in a bigger pack of four 

dozens of 80 g each. It was then distributed by 

the processors (to various parts of the state or 

by various other distributors) or wholesalers 

(to markets and supermarkets). Peeling of 

plantain was manual with hired labour while 

frying and packaging was partly manual and 

industrial.  

Small scale processing of plantain into dried 

chips and subsequently plantain flour was done 

by consumers and farmers, either for 

household consumption to avoid waste of 

unsold harvest. However, the commercial 

nerve center for large scale industrial 

processing of plantain into dry chips and 

subsequent packaging in flour form was the 

State capital, Akure. Small scale processors of 

plantain flour processed one or two bunches 

into flour as the need arose but large scale 

processors had a daily plant capacity of 45 ï 

100 bunches of plantain. Plantain flour was 

packed after processing into 1 and 2 kg bags 

and delivered to sales outlets. The skilled 
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labour force of large scale processors ranged 

from 1 -3 while the unskilled labour could be 4 

or more. Seasonality of plantain during the 

year affected the price of plantain flour as 

scarcity caused an increase in its price while 

the rainy season reduced demand such that 

more effort had to be put into advertisement. 

Roasted Plantain, popularly known as ñBoliò, 

is a common snack made from plantain and 

consumed all. It is a small scale processing 

business where an average of 1 ï 2 bunches, of 

varying sizes , was processed every day, 

depending on the season. During the dry 

season (when plantain was scarce, expensive 

and gave way to roasted corn and yam 

respectively at the onset of their seasons), price 

of roasted plantain increased for some 

processors, while for others the business 

stopped. Size of labour force at most was two 

(processor and a family member to help) and 

the business was often accompanied with the 

sale of fried groundnut, which a common 

accompaniment for roasted plantain.   

Fig 4. Processorôs segment of the plantain value chain. 

 

Marketing Segment 

Fifty five (55) per cent of the marketers 

interviewed were retailers of plantain and its 

products. There was high concentration of 

marketers as the product moved from the 

processor to the final consumers. Wholesalers 

and major distributors of fresh plantain got 

their supply directly from the farmers or from 

produce markets on various market days while 

wholesalers or major distributors of plantain 

chips and flour got their supply directly from 

the processors. Wholesalers of fresh plantain 

sold in dozens of bunches while the retailers or 

the roadside marketers who served as the final 

link to the consumer sold in bunches or in 

group of disjointed sticks of plantain which 

sold for N100 and N 200. About sixty three 

(62.5) per cent of the marketers interviewed 

sold fresh plantain. This high percentage might 

have been due to the fact that fresh plantain 

was readily available much more than any 

other product and required no huge capital base 

compared to processing or because it could be 

sold in its ripe and unripe form as desired by 

the consumers. In produce markets, plantain 

chips (dried) and plantain flour was often sold 

alongside fresh plantain as wholesalers and 

retailers sought to avoid loss from incomplete 

sale of produce.  

The use of family labour was not common in 

marketing of plantain and its products as only 

30.0% used family labour at all. Often 

marketers of plantain and its products hired 

labour they needed. The use of family labour 
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was common with road side marketers, who 

are small scale producers and marketers of 

plantain chips and roasted plantain. Fifty (50) 

percent of marketers preferred to purchase the 

fresh plantain and plantain flour they sold from 

the produce markets and from farm settlements 

so as to take advantage of the lower price and 

thus a higher profit margin. This was only 

possible for retailers and roadside marketers 

who had enough capital base in the business. 

Road side marketers and retailer who could not 

afford to get fresh plantain from produce 

markets and farm settlements opted for 

wholesalers in the neighbourhood markets. 

These made less margin than other marketers. 

Marketers of plantain chips (fried) and ñDodoò 

also preferred to buy directly from processors, 

as this increased their profit margin. Most 

(85%) marketers sold within the state, 

especially within their towns and local 

government areas. Only wholesalers and major 

distributors marketed across states of the 

nation such as Rivers, Kwara and the Federal 

Capital Territory. 

The distribution of marketers according to the 

frequency of marketing showed that 61.0% of 

respondents marketed every day. This was 

because in urban areas, there were more 

markets that operated daily than in rural areas 

where marketing was done every five days.  

 

 

 

Fig. 5. Value chain diagram showing the marketing segment of the overall plantain value chain 

 

Most retailers of plantain marketed six days in 

a week or every day of the week. Peak and off 

peak seasons existed for all marketers of 

plantain and its products. However, the timing 

and effect varied for each product. Fresh 

plantain and plantain flour marketers 

experienced off season during the dry season 

and at the onset of the rainy season. This led to 

an increase in price and scarcity of the product. 

On season occurred when the rainy season had 

set out well. There was often a glut in the 

supply of fresh plantain and a reduction in the 

price of plantain flour. Plantain chips 

marketers often did not feel the effect of this 

change in season. Rather, proximity to higher 

institutions brought about seasonality in sales 

for plantain chips marketers. Several other 

factors that caused seasonality in the sale of 
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plantain and its products were the advent of 

maize and yam season and muslim fasting 

season.  

Tax was often paid daily, monthly or yearly 

and most of the respondents interviewed 

belonged to trade unions to which they also 

paid dues yearly. Most of the fresh plantain 

and plantain flour sellers also sold other farm 

produce like fruits and vegetables, pepper, 

maize etc. while plantain chips sale was 

usually accompanied with the sale of 

provisions.

Fig 6. Overall plantain value chain in Ondo Stat 

 

Consumers Segment 

Plantain and its products was an important food 

in most of the families of respondents 

interviewed, whether male or female. It was 

also an important snack for students and 

individuals at all levels of education and 

marital status (whether single or married). The 

frequency of consumption was however 

different for each individual. Plantain was 

eaten more often by families in the rural areas 

as a supplement for yam when yam is scarce. 
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interviewed varied from 5 sticks per month to 

4 bunches per month, depending on the family 

size. Although other varieties were consumed, 

the AAB group was mostly preferred because 

of its taste. Most consumers sourced plantain 

and its products from the market, retail shops 

and roadside marketers but some also had 

backyard farms of plantain. Seasonality often 

affected the demand for plantain because of the 

increase in price and scarcity that marks the off 

season 

Other actors in the Plantain value chain 

Transporters 

Transporters are an important part of the 

plantain value chain as they were found in each 

segment of the plantain value chain. They 

helped farmers move plantain from their farms 

to the produce market each market day and also 

helped collectors of plantain who exported it to 

other states. Seasonality of plantain affected 

frequency of plying routes to transport 

plantain. During the on season some 

transporters plied their route twice to transport 

plantain while during the off season they only 

plied it once.  

Cost of transportation also increased during the 

on season as the quantity transported increased. 

Appendix figures 10a and 10b shows the 

various means of transportation used by 

plantain transporters.  

Table 1 shows the functional analysis of all 

actors in the plantain value chain. 
 
Table 1. Functional analysis of the plantain value chain in Ondo State 

S/n Principal 

functions 

Subdivisions Agents Principal pr oducts Utility or 

value 

added 

1.  Input supply Distribution and 

marketing, training 

of farmers 

Agric Input Supply Agency 

(AISA), Akure, farm centres 

(govt. owned) 

Agrochemicals and fertilizers, simple 

farm implements such as knapsack 

sprayer etc. (subsidized) 

Place value 

Distribution and 

marketing 

Independent input suppliers 

and public shops 

Agrochemicals and fertilizers, simple 

farm implements such as knapsack 

sprayer etc. (un-subsidized) 

Lease  Equipment dealers, state and 

local government. 

Tractors, ploughs, harrows etc. 

2.  On- farm 

production 

Land preparation Hired labour or farm 

machineries like tractors etc. 

Plantation, plantain suckers and 

bunches, sheaths, petioles and leaves 

Form value 

Planting Farmer, hired labour, male 

members of farmerôs 

household 

Maintenance / 
management 

Farmers/ hired labour 

Harvesting Farmers/ hired labour and 

family labour (farmerôs wives 
and children) 

3.  

 
 

Post-harvest 

handling 

Transporting Transporters, processors, 

consumers. 

Fresh plain bunches, either delivered to 

processors, consumers or marketers 

Time, price 

and place 

value Marketing Wholesalers, retailers, 
roadside marketers, farmersô 

wives 

Exporting Exporters / major distributors 

4.  Product 

transformation 

Processing Plantain flour and chips 

processors (both industrial 
and small scale processors), 

consumers, farmersô wives, 

small scale eatery, road side 
marketers 

Plantain flour, plantain chips, boiled 

plantain,  plantain porridge, ñekuruò, 
roasted plantain 

Form value 

5.  Product 

trading 

Transportation Wholesalers, retailers, major 

distributors,  retail outlets and 

supermarkets, hawkers 

Plantain flour, plantain chips, boiled 

plantain,  plantain porridge, ñekuruò, 

roasted plantain 

Time, price 

and place 

value Marketing 

 
 

ñExportersò (Inter ï State Marketers) 

Plantain, as earlier said, was exported to other 

states of the federation by exporters who come 

from these other states, after making previous 

arrangement with the various farmers. They 

made use of transporters to gather the plantain 

from various farms where they meet the 

farmers and buy the plantain stock that they 

may have. In Ore and Akure, there are plantain 

depots where these exporters gathered the 

plantain they have collected in heaps and got 

for either a bus or 9 11 truck to carry them to 

their destination. Each heap of plantain 
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contained 18 ï 22 dozens of plantain bunches. 

Exporters also paid tax depending on the load.  

Farmers who had the means also exported 

plantain to other states to sell. Exporters came 

from Lagos, Delta, Abuja, Kwara, Edo, Oyo 

etc. 

Credit Providers 

Credit providers are formal institutions who 

offered credit to every segment of the plantain 

value chain. Credit institutions were not active 

in the plantain value chain. This was due to the 

risky nature of farming in general and plantain 

farming in particular. This might also be due 

thenlack of collateral and small business 

holdings. The only source of credit identified 

in one of the 6 local governments where 

respondents were interviewed was a revolving 

loan given to farmers by the Agric 

Development Bank (an international bank), 

through the government at 9% per annum. 

Farmerôs Association 

Farmerôs association existed only in one (1) e 

local governments. They met twice in a month 

and served as a medium to interact with and 

train farmers on good agronomic practices. No 

attention was given to plantain farmers in terms 

of their training needs. 

Cooperative Societies 

Cooperative societies that provide farmerôs 

credit needs also existed sparingly. Difficulty 

in accessing credit made most farmers not to 

patronize them. 

 

CONCLUSIONS 

 

This paper examined the plantain value chain 

in Ondo State, Nigeria. Primary and secondary 

data were collected using a multistage 

sampling technique. Functional analysis was 

done on the data collected. Result from the 

functional analysis showed that there are eight 

major actors or segments in the plantain value 

chain in Ondo State, Nigeria. They are the 

input suppliers, farmers, processors, marketers, 

consumers, transporters, cooperative societies 

and farmers association. In the input supply 

segment, agrochemicals were either supplied 

by wholesalers and retailers in the open market 

at the prevailing market rate or by the State 

Government through the Agricultural Input 

Supply Company, which has its head office in 

Akure, the Stateôs capital. The latter supplied 

these inputs at about 40 ï 50.0% subsidized 

price but faced the challenge of inadequate 

supply due to lack of finance. In the farmerôs 

segment, functional analysis revealed that 

plantain production is male dominated in Ondo 

State and most plantain farmers are married.  

It was concluded that plantain farming is still 

lowly mechanised and processing has not been 

fully developed to explore the various value 

addition options available in this sector. More 

value can still be added and more upgrading 

could still be done. More actors can also take 

advantage of the prevalence of plantain in the 

state.  

Based on the findings of this study, the 

following recommendations were made: 

(i)The government and private research 

institutions should pay attention to the training 

needs of the farmers so as to properly harness 

the advantage that the state has above others in 

the production of plantain; 

(ii)Financial institutions and other avenues 

through which credit can be offered to farmers 

and small scale processors should be 

empowered and enlightened; 

(iii)Government and non-governmental 

organizations should embark upon the 

commercialization of the processing and 

marketing segments of the plantain value chain 

and technological upgrading of the processing 

segment.  
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Abstract 

 

The study assessed utilization of soil management practices among arable crop farmers in Ogun State. Specifically, 

it described the socio-economic characteristics of  arable crop farmers; identified the soil management practices 

(SMPs) prevailing in the study area; determined the crop yield and respondentsô level of utilization and identified 

problems associated with their utilization. A multi-stage sampling procedure was used to select 110 farmers from 

selected six functional fadama sites in Ogun State. Results showed that majority (92.7% and 79.1 %) of the 

respondents were male and married respectively with mean age of 37.5 years. Zero tillage, mulching, ridging and 

cover cropping were the major SMPs identified by the respondents. Among SPMs identified, mulching (mean = 2.76), 

ridging (mean = 2.41), fertilizer application (mean = 2.26), zero tillage (mean = 2.25) and cover cropping (mean 

2.25) were the mainly utilized while majority (69.1%) utilised SMPs at moderate level. Further results showed that 

inadequate supply of fertilizer (mean = 1.78) and high cost labour (mean = 1.69) were identified as the major 

constraints to usage of the sustainable soil management practices. Age (r = 0.20); farming experience (r= 0.451) and 

crop yield (r = 0.223) had significantly relationship with the respondentsô utilisation of SMPs. The study concluded 

that the level of use of soil management practices had direct effect on yield of crops and sustainability of soil used in 

Ogun state, Nigeria. 

 

Key words: sustainability, yield, soil management practices, arable crops 
 

INTRODUCTION  
 

Good soil management is a key to sustainable 

farming practices. Generally, there is close link 

between good and profitable farming; 

improving/maintaining soil fertility and good 

environmental management. [13] opined that 

what a farmer can achieve is highly dependent 

on good soil management and climate of the 

area. It is clear that good soil management can 

drastically reduce the value of land for 

agriculture and lead to environmental problems 

which invariably results into soil degradation 

and this is termed unsustainable use of land. It 

has ascertained that about 2,145 million 

hectares out of 2,900 million hectares total land 

area in Africa, 72% are problem soils with 

different production constraints (soil acidity, 

steeply sloping soils, low fertility, shallow and 

stony soils, saline and poorly drained soils 

[10]. This shows that the level of sustainability 

of land management practices in Africa. 

Sustainable land management has been defined 

as the use of appropriate soil management 

practices that enables land users to maximize 

the economic and social benefits from the land 

while maintaining or enhancing the ecological 

support functions of the land resources [10]. 

Human activities have either direct or indirect 

effects on the sustainability of natural 

resources like land, thereby threatening its 

continuous productivity. This consequently, 

affects agricultural production. Also, ever 

increasing population in the developing 

countries which result in continually rising of 

demand for agricultural produce is contributing 

to the intensification of land use and adoption 

of technologies that would enhance constant 

mailto:abeyspet@yahoo.com
mailto:.famakinwamichael2013@gmail.com
mailto:alabidorcas@yahoo.com
mailto:lodojafolabi@yahoo.com
mailto:.famakinwamichael2013@gmail.com
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supply of agricultural produce. Attempt by 

man to meet his food, wood and other 

resources requirements have destroyed the 

biodiversity and in order to expand agriculture 

and forestry, over cropping of some crops has 

resulted more often, to adoption of appropriate 

technologies and farm practices which further 

worsen sustainable land use among farmers. 

Loss of biodiversity, climate change and land 

degradation due to population pressure in 

developing countries, poverty and poor 

performance of extensive agriculture are such 

factors that make farmers to have problems in 

sustainable production activities [19]. Soil is 

therefore managed in order to conserves 

agricultural land, biodiversity and food 

security for the country. Sustaining soil fertility 

and food security cannot be separated. In 

addition, it is sometimes noted that some 

farmers have no or little knowledge about soil 

management, hence they abandon certain 

farmland when found unproductive due to 

some factors which can be controlled provided 

they are well equipped with knowledge on soil 

fertility. [13] opined that if some of the 

currently used soil management practices are 

continued, groundwater and food 

contamination will increase and jeopardize the 

sustainability of the current land use systems 

Sustaining soil fertility has become a major 

issue for agricultural research and development 

in rural areas of Africa [22]. Sustaining soil 

fertility is an essential component in achieving 

food and livelihood security for the present and 

future generations [11]. In the past, most 

research efforts focused on trials to determine 

the appropriate amount and type of fertilizer 

needed to obtain the best yields for particular 

soil types and specific agro-ecological 

locations. This approach emphasized the use of 

external inputs and expensive technologies, 

and often disregarded farmers' knowledge and 

the resources at their disposal. Since then, 

research has gradually shifted towards an 

approach based on Integrated Soil Fertility 

Management (ISFM), which combines various 

existing soil fertility management techniques 

with external inputs. This combination is based 

on a thorough scientific understanding of the 

underlying biological processes of ISFM and 

aims to promote options that make the best of 

locally available inputs, and that are tailored to 

suit local agro-ecological conditions, and 

farmers' resources and interests.  

The present soil fertility management practices 

at the farm level are not sustainable. However, 

there are possibilities to improve farmersô soil 

fertility management practices, for instance, it 

is necessary to recommend soil and/or plant 

testing to adjust fertilizer and/or manure 

application rates to crops to reduce excessive 

nutrient input, and to adopt appropriate 

decision support systems for efficient and 

sustainable management of production 

resources. Many development projects and 

policies have collapsed because of the failure 

to understand local knowledge and how this 

influences the way farmers manage natural 

resources [20]. Less attention has been paid to 

studying and understanding how soil fertility is 

perceived and managed at farm level, and how 

various physical, economic and socio-cultural 

factors interact. Hence, the need to study the 

current soil management practices crop 

farmers in Ogun State. The study thus, assessed 

the level of utilization of sustainable soil 

management practices among arable crop 

farmers in Ogun State, Nigeria. 

Objectives of the study 

The main objective of the study was to assess 

the soil management practices used by 

vegetable farmers in Yewa North Local 

Government Area (LGA) of Ogun State. The 

specific objectives were to 

(1)describe socio-economic characteristics of 

respondents; 

(2)identify soil management practices 

prevailing in study area;  

(3)determine the crop yield and level of 

utilisation of soil management practices; and 

(4)identify constraints associated with 

utilization of soil management practices in the 

study area. 

Hypotheses of the study 

The hypotheses were set in null form. 

H01: There is no significant relationship 

between utilization of soil management 

practices and socio-economic characteristics of 

the respondents. 
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H02: There is no significant relationship 

between utilization of soil management 

practices and crop yield of the respondents 

Theoretical framework 

The study was based on sustainability theory 

by Scoones [21]. The theory assumed that 

sustainability could either be strong or weak. A 

óstrong  sustainabilityô prioritised the 

preservation of ecosystem while a óweak 

sustainabilityô disregards specific obligations 

to sustain any particular good practices. In 

terms of farmland, for example, a strong view 

might argue for protection, even if it requires 

foregoing development that would increase 

opportunities for future generations.  

A weak view would take into account the 

various immediate benefits of soil management 

practices without making attempt to measure 

the future value of those benefits against the 

values created by development.  

Development in this regard is mainly in 

economic gain (profit).  

The two views loosely correspond to 

ecocentric (ecologically centered) and 

anthropocentric (human-centered) positions in 

environmental ethics, but not perfectly.  

The ecocentric view requires that moral 

decisions take into account the good of 

ecological integrity for its own sake, as 

opposed to exclusively considering human 

interests.  

In this case, farmers productivity may be 

paramount to them. But a strong sustainability 

view could be held from an anthropocentric 

perspective by arguing that human systems 

depend on rich biodiversity or that human 

dignity requires access to these natural 

resources like soil.  

However, a weak view would not necessarily 

approve the expiration of natural resources, 

even with the prospect of lucrative profit. Thus, 

sustainability theory becomes very important 

to this study as it reveals that sustainable soil 

management practices are based on farmers 

decisions and farmers decisions are primarily 

based on the economic gain they intend to have 

from their farmland. 

 

MATERIALS AND METHODS  

 

The study area 

The study was carried out in Yewa North LGA 

in the West of Ogun State, Nigeria, bordering 

the Republic of Benin. Its headquarters is 

Ayetoro town at longitude 7°14'00"N and 

latitude 3° 02'00" E in the north-east of the 

Area. It has an area of 2,087km2 and a 

population of 181,826 [15].The climate is sub-

humid tropical with an average annual rainfall 

of 1,909.30 mm. It is located in the Derived 

savanna agro ecological zone. Ayetoro lies 

between 90 and 120 metres above sea-level. 

The entire surface is made up of an undulating 

surface drained mainly by Rori and Ayinbo 

Rivers. The landform is that of eroded 

pediment plain with well-incised valleys 

forming a trellis pattern.  The major occupation 

among the inhabitants of the area is farming 

particularly arable crop farming. 

 Sampling procedure and sample size 

Two stage sampling techniques were adopted 

for the selection of respondents. Yewa LGA 

comprises of ten (10) Fadama sites where 

vegetables are primarily grown. However, only 

six of these sites were functional. Purposively, 

the six (6) functional sites were selected. The 

total number of registered vegetable farmers in 

each of the sites was 90, 70, 110, 190, 40 and 

50 respectively. Proportionate sampling 

procedure was used to select 20% of the 

vegetable farmers in each of the functional 

Fadama sites to get  18, 14, 22, 38, 8 and 10, 

thus a total of 110 farmers were sampled for the 

study. Quantitative data were collected using 

well-structured and validated interview 

schedule. The data were summarized using 

descriptive statistics such as frequency count, 

percentages, mean and standard deviation, 

while Chi-Square and Correlation analyses 

were inferential statistics were used in the 

study to draw inferences on the hypotheses.  

Measurement of variables 

The dependent variable for the study was 

conceptualised as utilization of soil 

management practice. It was measured by 

calculating total utilisation score of each 

respondent from ten soil management practices 

utilized. The reaction was against a 4-point 

Likert type scale of utilisation ranging from 

Always utilized (3 points), Occasionally 

utilized (2 points), Rarely utilised (1 point), 

and Never utilised (0 point) as used by [3]. The 
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maximum score for each respondent was 30 

while the minimum score for each respondent 

was zero. The total score per respondent was 

further classified into three categories as 

follows: low, moderate and high level of 

adoption using mean of total adoption score 

plus/minus standard deviation. Crop yield was 

measured by asking the respondent to rate their 

crop yield in the last three years of using SMPs. 

The reaction was against 4-point Likert-like 

scale ranging from very high (4 points), high (3 

points) average (2 points) and low (1 point). 

 

RESULTS AND DISCUSSIONS 

 

Socio-economic characteristics of 

respondents 

Results in Table 1 show majority (92.7%)  of 

the respondents were male with very (7.3%) 

female. The findings showed that male 

dominate arable crop production in the study 

area. This is expected because traditionally 

farming work is known to be male gender 

specific due to drudgery and risk involved in it.  

Also, the study revealed that about two-third 

(61.2%) were within the age bracket of 20-40 

years with the mean age of 37.5 years. This 

implies that majority of the respondents were 

in their active and productive age during which 

they could withstand the rigour required for 

farming operations. This result is in line with 

the findings of [16]; [12] who both asserted 

that people in their active ages tend to perform 

their tasks effectively and efficiently as they 

painstakingly endure the stress and rigours of 

exerting and fatigue laden assignments. The 

ecological implication is that the respondents 

had potential to adopt and utilise new methods 

of soil management practices which are 

sustainable as they were expected to be less 

risk averted. Moreso, majority (79.1%) were 

married. This implies that married people were 

more involved in arable crop production. This 

could be due to the fact that this category of 

people have more responsibilties than the 

unmarried, so the need to involve in income 

generating activities becomes necessary so as 

to meet up with the challenges of meeting the 

family responsibilities. In addition, majority 

(52.7%) were Muslims, 40.9 percent were 

Christians and only very few (6.4%) were 

traditional worshipers. This implies that 

Christianity and Islam were the dominant 

religions in the study area. About (59.1%) had 

farming experience of 11-15 years with the 

mean farming experience of 12.5 years. This 

means that majority of the respondents were 

experienced farmers and this could influence 

their utilization of sustainable soil management 

practices.  

 
Table 1. Distribution of respondent by some selected 

socio-economic characteristics of respondents (n = 110) 

Variable Frequency Percentage mean 

Age (years) 

20-30 

31-40 

41-50 

51-60 

 

31 

36 

24 

7 

 

28.3           37.5 

32.9 

20.8 

4.5 

Sex 

Male 

Female  

 

102 

8 

 

92.7 

7.3 

Marital status 

Single 

Married 

Divorced  

 

13 

84 

10 

 

11.8 

79.1 

9.1 

Religion 

Christianity 

Islam 

Traditionalist  

 

45 

58 

7 

 

40.9 

52.7 

6.4 

Years of 

farming 

experience 

  

1 ï 5  6 5.5 

6 ï 10 19 17.3            12.5 

11 ï 15 65 59.1 

Above 15 20 18.1 

Other 

occupation 

aside farming 

  

None 74 67.3 

Civil service 18 16.4 

Trading  10 9.1 

Student  1 0.9 

Monthly 

income 

  

N 2,000 ï N 

10,000 

20 18.2 

N 10,100 - 

N20,000 

35 31.8   N 8,536.26 

N20,100 - 

N30,000 

40 36.4 

Above 

N30,000 

15 13.6 

Source: Field survey, 2015 
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Furthermore, majority (71.8%) of the 

respondents had attained one form of formal 

education or the other while about 28.2 percent 

had no formal education. This implies that 

majority of them were literate which could 

assist them to be more enlightened in 

utilization of innovations than illiterates. This 

result however, is in tandem with the findings 

of [12]; [6] who submitted that education and 

training improves the skill, attitude and 

knowledge of an individual thus sharpening 

their ability to comprehend and apply 

innovations with ease. Therefore, since 

majority of the respondents were educated, it is 

expected that they perform and operate more 

effectively, efficiently and know more about 

natural resources and environmental 

sustainability than those who had no formal 

education. In addition, 67.3 percent  had 

farming as their sole occupation while few 

(16.4%) were civil servants who also engaged 

in farming. The findings were in consonant 

with [4] assertions that farming is the major 

occupation among the people of Ogun State.  

About 37 percent had monthly income range of 

N 20,100 ï N 30,000 with the mean monthly 

income of N 18,536.26. This implies that 

majority of the respondentsô income were 

within the range of national minimum wage 

which show that there is need for them to 

intensify efforts in utilizing more SMPs which 

could translate into increment crop yield and 

better income. 

Type of soil  management practices utilized 

by the respondents 
Results in Table 2 show that zero tillage 

(97.3%), mulching (95.2%), ridging (92.7%), 

cover cropping (87.3%), crop rotation (77.3%), 

fertilizer application (73.7%) and bush 

fallowing (50%) were identified as the 

prevailing SMPs in the study area. On the other 

hand, SMPs like the use of green manures 

(40%), animal manures (15.5%) and compost 

(8.2%) were not popular in the study area. This 

result is line with the report of [18] who 

identified ridging, crop rotation, mulching, 

cover cropping and fertilizer application as the 

sustainable soil management practices in their 

studies but contrary to the reports of [2]; [1] 

which established compost, animal droppings 

and mixed cropping as the major sustainable 

soil management practised among the farmers 

studied.

 

Table 2. Distribution of respondents based on types of soil management practices prevailing in the study area. (n = 

110) 

*Soil management practices Frequency  Percentage  

Compost   9 8.2 

Ridging  102 92.7 

Fertilizer application 81 73.6 

Zero tillage 107 97.3 

Mulching 105 95.2 

Use of animal manure 17 15.5 

Planting of tree/green manure 44 40 

Cover cropping 96 87.3 

Rotational cropping 85 77.3 

Bush fallowing 55 50 

*Multiple responses 

Source: Field survey, 2015 
 

Crop yield of respondents 

Analysis in Table 3 show rating of farmersô 

yield based on the utilization of SMPs in the 

last three copping seasons, almost half (38.2%) 

and above one-third (30.9%) of the 

respondents rated their yield obtained from 

their crops as high and very high respectively, 

while above one-quarter (28.2%) and very few 

(2.7%) agreed that their crop yield were 

average and low respectively.  

This result implies that majority of the 

respondents agreed that the use of SMPs bring 

about increase in crops crop, this corroborates 

the findings of [7]; [23]; [9]; [5] which is 

claimed that the use of SMPs like mineral 

fertilizers, crop rotation, recycling of crop 

residues and organic manures increased 

farming productivity (crop yield). 
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Table 3. Distribution of respondents by rating their yield 

rating 

Crop yield   Frequency Percentage 

Very high 34 30.9 

High  42 38.2 

Average  31 28.2 

Low  3 2.7 

Source: Field survey, 2015 

 

Level of utilization of soil management 

practices 

Results in Table 4 reveal that mulching (mean 

= 2.76) ranked highest among SMPs utilized 

by the respondents, followed by ridging (mean 

= 2.41), fertilizer application (mean = 2.26), 

zero tillage (mean = 2.25) and cover cropping 

(mean= 2.25). Others include rotational 

cropping (mean=1.65), bush fallowing (mean 

=1.62), compost (mean = 0.78), green manure 

(mean = 0.75) and use of animal manure (mean 

= 0.0.37). Comparing the grand mean score of 

utilisation (mean = 1.78) with the individual 

utilization mean scores, the results showed that  

SMPs like mulching, zero tillage, ridging, crop 

rotation and cover cropping were highly 

utilised by the respondents.  

This may be due to the fact that these SMPs 

help to conserve soil water, control soil erosion 

and enrich soil nutrients by the decay of crop 

residue and leaves [17].  

The use of zero tillage mitigates soil against the 

release of CO2 and N2O caused by intensive 

tillage and burning and also reduces 

destruction of soil structure [8]. On the other 

hand, compost, green manure bush fallowing 

and animal manures were least utitilised by the 

arable crop farmers.  

The use of bush fallow ranked low probably 

because of greater dependency on the use of 

fertilizer and inadequacy of arable land for 

farmers. The result is in agreement with the 

finding of [8] that established that mulching, 

planting of cover crops, crop rotation and 

inorganic fertilizer were the most preferred and 

utilized soil conservative practices among 

arable crop farmers in Enugu State.  

The result was also in consonace with the 

reports of  [20]; [9] assertion that the use of 

green manure, compost and animal manure 

were the least used SMPs among farmers. This 

could be due to their irritating odour, 

tediousness of preparation, bulkiness and high 

cost of application.  

Further analysis in Table 5 show more than 

two-third (69.1%) of the respondents were in 

the moderate level of utilisation of SMPs, 

while one-fifth (20%) and about (11%) had 

high and low levels of utilisation of SMPs 

respectively.  
 

Table 4. Distribution of respondents by utilization of sustainable soil management practices (n=110) 

*Soil management 

practices 

Never 

Feq 

Rarely Freq Occasionally 

Freq 

Always 

Freq 

Ranked mean 

Mulching 3 4 16 87 2.70 

Ridging 1 31 0 78 2.41 

Fertilizer application 2 4 67 37 2.26 

Zero tillage 13 12 21 64 2.25 

Cover cropping 7 16 29 58 2.25 

Rotational cropping 14 13 36 47 2.05 

Bush fallowing 39 5 25 41 1.62 

Slashing and burying 51 43 5 11 0.78 

Use of green manure 56 8 37 9 0.75 

Use of animal manure 91 7 8 4 0.37 

*Multiple responses,  Grand mean score = 1.78,  

Source: Field survey, 2015. 
 

Table 5. Level of utilisation of soil management 

practices (n = 110) 

Level of 

utilization    

Utilization 

scores 

Frequency   Percentage 

Low  6 and below 12 10.9 

Moderate  7 and 13 76 69.1 

High  14 and above 22 20 

Source: Field survey, 2015 
 

This could be as a result of problems 

asssociated with their  utiilisation such as 

inadequate supply of fertilizers and finance, 

hence it is recommended that government 

should supply fertilizers at subsidized rate to 

farmers and make loan avaialable for them. 

Table 6 shows that inadequate supply of 

fertilizers (mean = 1.78) ranked highest among 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 17, Issue 3, 2017 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

43 

the problems associated with utilization of 

SMPs, followed by high cost/non-availability 

of labour (mean = 1.69) inadequate finance 

(mean= 1.68), high cost of soil management 

practices (mean=1.22), poor knowledge of 

utilization (mean=1.15), transportation 

problems (mean = 1.10) and inadequate 

availability land (mean = 0.69). Comparing the 

grand mean score of constraint (mean=1.33) 

with the individual mean scores of constraints, 

the major problems faced by the respondents in 

the utilization of SMPs were inadequate supply 

of fertilizers, high cost and non-availability of 

labour and inadequate finance. This result 

gives credence to the finding of [14] who 

reported inadequate supply of fertilizer, non-

availability of labour and inadequate finance as 

the highest ranking among the constraints 

faced by farmers utilizing sustainable land 

management practices in Kwara State. 

 
Table 6. Distribution of respondents by problems 

associated with utilization of SMP (n = 110) 

*Problem  Major 

problem 

Frequen

cy 

Minor 

problem 

Frequen

cy 

Not a 

problem 

Frequen

cy 

Rank

ed 

mean 

Inadequate 

supply of 

fertilizer 

90 16 4 1.78 

High cost/ 

non 

availability 

of labour  

86 14 10 1.69 

Inadequate 

finance  

86 13 11 1.68 

High cost of 

soil magt 

practices 

37 61 12 1.22 

Poor 

knowledge 

of 

utilization 

29 68 13 1.15 

Transportat

ion problem 

53 15 42 1.10 

Inadequate 

availability 

of land 

14 48 48 0.69 

* multiple responses, Grand mean= 1.33 

Source: Field survey, 2015. 

 

Results in Table 7 show that sex (c2=58.682), 

religion affiliation (c2=7.775), level of 

education (c2=16.459) and marital status 

(c2=4.281) had significant association with 

utilisation of SMPs among farmers at 0.01 

level of significance in the study area.  

The implication is that these significant socio-

economic characteristics of farmers would 

affect their usage of sustainable soil 

management practices. 

Results in Table 7 reveal that at 0.01 level of 

significance, respondentsô age (r = 0.280) and 

years of farming experience (r = 0.451) had 

positive and significant relationship with 

utilization of soil management practices. Thus, 

increase in respondentsô years of farming 

experience and age would increase their 

utilization of SMPs.  

This finding is similar to the findings of [2] 

which established that years of farming 

experience had positive and significant 

relationship with choice of soil management 

practices. 

 
Table 7. Chi-square showing association between 

respondentsô socio-economic characteristics and 

utilization of sustainable soil management practices 

Variables  c2 D.F  p-value 

Sex 58.682* 1  0.016 

Religion affiliation 7.775* 2  0.025 

Educational level 16.459* 4  0.030 

Marital status 4.281* 2  0.040 

*significant at 0.01, * significant at 0.05, D.F = degree 

of freedom 

Source: Field Survey, 2015. 

 
Table 8. Chi-square showing relationship between 

respondentsô socio-economic characteristics and 

utilization of sustainable soil management practices 

Variables  Correlation 

coefficient (r) 

p-

value 

Age 0.280 0.010 

Farming experience 0.451 0.009 

Monthly income 0.123 0.122 

Source: Field survey, 2015 

 

Results in Table 9 show that there was a 

positive and significant relationship between 

crop yield (r = 0.223; pÒ0.05) and farmersô 

utilisation of sustainable soil management 

practices. The implication of this is that the 

higher the use of sustainable soil management 

practices among farmers the higher the crop 

yield. The results corroborates the findings of 

[7]; [9]; [5] assertionsô that farmers use 

fertilizers which is one of the major SMPs to 

boost soil productivity with the aim of 

increasing arable crop production. 
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Table 9. Results of correlation analysis showing the 

relationship between crop yield and farmersô utilization 

of sustainable soil management practices 

Variable Correlation coefficient (r) p-value 

Yield 0.223* 0.030 

*significant at 0.05 level of significance. 

Source: Field survey, 2015. 

 

CONCLUSIONS 

 

Based on the findings of this study, mulching, 

ridging, fertilizer application, zero tillage and 

cover cropping were the major  sustainable soil 

management practices utilized by the 

respondents and at moderate level. Inadequate 

supply of fertilizer and non-availability/high 

cost of labour were identified as the major 

constraints to effective usage of SMPs. This 

has implications on agricultural development 

in a country like Nigeria where land constitutes 

a major constraint to farming. Utilisation of 

sustainable SMPs among farmers would not 

only enhance productivity but also improve 

soil fertility.  It is recommended that 

government and relevant agencies should be 

involved in promoting adoption and utilization 

of sustainable soil management practices 

through adequate training. Also, both organic 

and inorganic fertilizer as well as other farm 

inputs should be made available to farmers at 

subsidized affordable for farmers. This would 

enhance utilization of SMPs, higher 

productivity and environmental sustainability 

among farmers. 
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Abstract 

 

Plants would the start with step of a metal's pathway starting with the dirt on heterotrophic creatures for example, 

such that animals and humans, thus the substance from claiming metallic follow components for eatable parts of a 

plant representable accessible load of these metals that might enter those natural way of life through plants. Around 

metal elements, Cu and Zn would micro nutrients as they are essential in trace concentrations for physiological 

processes in plants. Furthermore consequently would a critical part from the soilïplantïfood continuum. Therefor 

this study aimed to analysing the performance of multivariate hyperspectral vegetation indices of wheat (Triticum 

aestivum L.) in estimating the accumulation of these elements in plant dry mutter and the final product of Egyptian 

wheat crop irrigated with high concentrations of Zn and Cu. We applied five concentrations for each element (0.05, 

20, 40, 100, and 150 ppm of Zn) and (0.02, 8, 10, 12, and 15 ppm of Cu) to a controlled greenhouse experiment to 

examine the effect of these concentrations on plant spectral characteristics and study the possibility of using 

spectroradiometry measurements for identifying the grain content of these metals. The results demonstrated that 

The hyperspectral vegetation indices had a potential for monitoring Zn concentration in the plant dry matter. NPCI 

and PSSR had a highest correlation with Cu phytoaccumulation into the grains with highest significant level (P-Value 

< 0.01) and (r) values (-0.39, -0.42).  
 

Key words: heavy metals, remote sensing, vegetation indices, detecting stress. 

 

INTRODUCTION  
 

With advances in satellite, airborne and ground 

based remote sensing, reflectance data are 

increasingly being used in agriculture. Itôs a 

valuable tool in evaluation, monitoring and 

management of land, water, crop resources and 

plant stress detection. One of the important 

types of the plant stressors is the heavy metals. 

Some of these heavy metals such as Cu, Fe, Zn 

and Mg are essential elements for plant and 

play important roles in many physiological 

processes like metabolism, growth and 

development. Upon literature survey, we found 

scientific reviews that examine the effect of 

heavy metals on plant growth and function [4 

and 1]. The trace metals exerting toxic effects 

on plants have been studied for over a century 

by now but there remains confusion within the 

literature with regards to their concentrations 

as micronutrients and as components inducing 

phytotoxic effects. Nevertheless, many 

problems arise when cells intake an excess of 

these essential elements or other heavy metals 

such as arsenic and lead, which are not known 

to have any essential functions, but are toxic 

and cause damages to living organisms. 

Excessive heavy metals in plants adversely 

affect plant growth and development [15]. The 

essential heavy metals (Cu, Zn, Fe, Mn and 

Mo) play biochemical and physiological 

functions in plants and animals. Two major 

functions of essential heavy metals are the 

following: (a) Participation in redox reaction, 

and (b) Direct participation, being an integral 

part of several enzymes [11]. 

Copper is an essential heavy metal for higher 

plants and algae, particularly for 

photosynthesis [10 and 2]. 

The inorganic and organic fertilizers (Fertilizer 

is a substance added to soil to improve plants 
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growth and yield.) are the most important 

sources of heavy metals to agricultural soil 

include liming, sewage sludge, irrigation 

waters and pesticides, sources of heavy metals 

in the agricultural soils . Waste water also 

contains heavy metal and when it is applied to 

crops, it can cause threat to soil and plants 

growing in that soil. Generally, heavy metals 

cannot be removed completely from waste 

water and when they enter into the soil, it will 

interfere with the plant roots and tissues, when 

these plants are eaten by animals or humans 

they will enter into food chain [8]. 
Healthy plants, those capable of maximum 

growth, are generally expected to have higher 

chlorophyll pigment concentrations than 

unhealthy plants. Reduced chlorophyll 

concentrations are often associated with 

stressed plants, with variations in total 

chlorophyll to carotenoid ratios used as stress 

indicators [9]. Various metal treatments have a 

negative effect on photosynthetic pigments 

such as chlorophyll-a, chlorophyll-b and total 

chlorophyll contents of plants where the 

photosynthetic pigments decreased with 

increasing heavy metals level in the soil [5]. 

The relationships between Zn concentration 

and the visible-near infrared spectrum of 

Triticum aestivum L. were studied by [3] and 

they found that, the pigment reduced with the 

increased concentration of Zn in Triticum 

aestivum L. Corresponding change in 

visible/near-infrared reflectance spectra of 

vegetation was observed. The reflectance 

spectra increased in the visible light region and 

the strength of blue shift of the red edge. [12], 
studied the changes in leaf reflectance spectra 

(350-2500 nm) due to metal phytoextraction 

(Cd, Pb, As and their metal-mixture 

treatments) into barley plants grown in pots. 

The results demonstrate the potential use of 

hyperspectral reflectance data to monitor plant 

health during phytoremediation process. [13] 

studied the performance of multivariate 

vegetation indices of rice in estimating the 

agriculture soil arsenic content and there 

results indicated that the three ï band VIs 

might be recommended as an indicator for 

estimating soil arsenic content. 

The present experiment was designed to 

investigate the possibility of using 

hyperspectral data for detecting Cu and Zn 

accumulation in plant dry mutter at different 

growth stages and the accumulation in wheat 

grains under Copper and Zinc stress. The effect 

of Cu and Zn was monitored, using irrigation 

water containing Cu and Zn singly and in 

combination, to investigate: (i) the effect of the 

interaction between Zn and Cu on wheat 

plants; (ii) which VIs are more sensitive to use 

for detecting the accumulation of these 

elements.  
 

MATERIALS AND METHODS  

 

Plant material and experimental design 

A controlled pots experiment (Hydroponics 

experiment) was executed during the spring 

season of 2016 at the glass greenhouse at the 

University of Stirling, Stirling, United 

Kingdom (latitude 56°8`46.25``, longitude 

3°55`4.54`)̀ to track the different 

concentrations of Zinc and Copper on the 

Egyptian wheat (Triticum aestivum L.). The 

purpose of this experiment is to construct an 

index for the heavy metals stress response in 

Egyptian wheat. 

The experiment was conducted using pots (28 

cm diameter - 10 L volume) and 25 garden 

trays (120 cm * 55 cm). A total of 100 pots 

were planted using a planting (growing) media 

(black peat moss and perlite (1:1)) in a 

greenhouse. The pots were located inside the 

trays for caching the extra nutrient solution. 

Five concentrations of both copper (0.02, 8, 10, 

12 and 15 ppm) and Zinc (0.05, 20, 40, 100 and 

150 ppm) were used. Different treatments of 

both elements including 25 treatments were 

applied to study the ability of using the spectral 

measurement for predicting the accumulation 

of the both elements in the plant dry matter and 

the grain yield.   Hoagland nutrient solution 

was used as a nutrient solution for the control 

treatment [14] and another 24 solutions were 

prepared for the micronutrient with different 

concentrations of Zn and Cu.  The plant 

samples were collected 4 times during the 

growing season (At tillering, Inflorescence, 

flowering and milk development stages). The 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 17, Issue 3, 2017 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

49 

fresh weight of shoots and leaves were 

recorded. Subsequently, the plant matter was 

oven-dried at 70 °C for 48 hours until constant 

weight, to obtain the dry weight (DW). 

Measurements and data analysis 

Analytical determinations of metals 

Dry plant material and grains were ground to a 

fine powder and digested in a microwave with 

concentrated nitric acid. The metal 

concentrations were measured using 

Inductively Coupled Plasma optical emission 

spectrometry (ICP-OES).  

Canopy hyperspectral reflectance data 
An ASD Field Spec Pro spectroradiometer 

from Analytical Spectral Devices Inc. 

(Boulder, Co 80301 USA) was used to measure 

reflectance from plant canopies at a specific 

height from the plant canopy using artificial 

illumination. The reflectance measurements 

were made in a darkroom to avoid changing 

light intensity from solar radiation and to have 

a constant light incident on the plant canopy. 

This instrument can detect reflected light from 

the canopy ranging from 325 nm to 1075 nm, 

covering the visible near infrared (VNIR) 

portion of the magnetic spectrum. Each 

reflectance spectrum was the average of a 

number of scans (which was adjusted and 

calculated by the spectroradiometer). The 

spectral measurements were collected at 

various growth stages (At tillering, 

Inflorescence, flowering and milk 

development stages)). 

Hyperspectral VIs 
Vegetation indices were calculated by 

combining specific reflectance values along 

spectral signature. The most represented 

vegetation indexes were selected to detect 

differences in the reflectance between healthy 

(The control treatment) and stressed vegetation 

in visible and red-edge spectral regions. The 

VIs for different growing stages were 

calculated. The considered VIs in this study 

indicated by (Changwei Tan, et al., 2013) and 

listed in appendix (1). 

Calculations and statistical analysisThe 

chlorophyll concentration was calculated from 

the SPAD-502 chlorophyll readings (Wood, 

Reeves, and Himelrick, 1993), using the 

following equation:  

 

Where y is the chlorophyll concentration and x 

is the SPAD-502 chlorophyll readings (µg.cm-

2). 

Leaf area index (LAI)  
Calculated as a ratio of leaf surface area and the 

occupied land area of this plant (Elmetwalli, 

2008). 

Statistical analysis 
Statistical analysis of spectral and chemical 

data was performed using R software and 

reported at (P < 0.05) significance level. Mean 

and standard deviation (± SD) were computed 

for all data. Data were statistically tested for 

significant effects through correlation, linear 

regression, and multiple regression analysis. 

Correlation coefficient (Pearsonôs ñrò) 

between spectral variables was computed. 

 

RESULTS AND DISCUSSIONS 

 

(1)Metal accumulation into the plant dry 

matter 

Results of chemical analysis for Zinc and 

Copper concentration in plant samples at 

different four dates under different treatments 

illustrated in Fig (1 a). 

The results shows a high positive correlation 

between the amount of Zn in plant dry matter 

and the add concentration in irrigation water at 

different stages (0.85, 0.89, 0.95, and 0.98) 

with high significant level (P-value < 0.001) as 

shown in table (1).  

The increasing of Cu level increased the Zn 

accumulation in to the plants, while the higher 

level of Zn decreased Cu uptake.  

High zinc concentrations facilitated copper 

uptake by the roots but reduced its transfer to 

the aboveground organs [7], as shown in Fig. 

(1 b).   

The Copper concentration in irrigation water 

has insignificant effect at significant level P-

value <0.001 on the dry matter Cu content but 

it has a significant positive effect at P-value < 

0.01we can observe that from R2 (0.16, 0.17, 

and 0.15) and P-values < 0.01 at Tillering, 

Inflorescence, and Milk development stages 

respectively as shown in table (1). 

52.1996.0 -= xy
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These results confirms the differences in the 

plant canopy reflectance as a result of plant 

content of Zinc and Copper. 
 

 
Fig. 1 a. Effect of Zn level add in irrigation water on the 

plant dry matter content of Zin 

 

 

Fig. 1 b. Effect of Cu level add in irrigation water on the 

plant dry matter content of Copper 

Table 1. Correlation coefficient, R2, Adj-R2, and P-

value for the effect of Zinc, Copper and the interaction 

between the both elements on the dry matter content of 

Zn and Cu 

 
*** A significant effect at P-value < 0.001 ** A 

significant effect at P-value < 0.01 * A significant 

effect at P-value < 0.05    

Correlation between heavy metal 

concentrations add in irrigation water and 

itôs concentration in plant dry mutter: 

To build heavy metal concentration prediction 

models, the linear regression was used to find 

the relationships between plant dry mutter 

content of heavy metals and heavy metal 

concentrations in irrigation water

 
Table 2. Validation results of regression models for estimating dry mutter Zinc content depends on two-band 

hyperspectral vegetation indices 

Two-band 

Vis 
Growth stage 

Curve 

shape 
Fitting model R Significantly 

Zn accumulation in plant dry matter 

NDVI 
Flowering Linear 3.24 - 3.56 NDVI -0.56 0.000***  

Milk development Linear 4.21 - 4.81 NDVI  -0.52 0.000***  

SR _680_b 

Flowering Linear 
0.708 - 0.04007 (SR -680-

b) 
-0.57 0.000***  

Milk development Linear 
0.966 - 0.0686 (SR -680-

b) 
-0.54 0.000***  

NPQI 
Flowering Linear -0.0410 + 1.544 NPQI 0.59 0.000***  

Milk development Linear 0.0451 + 1.869 NPQI 0.53 0.000***  
 

Plant dry matter Zn content prediction 

models  
The Zn content prediction models showed in 

table (2) was obtained by linear regression 

carried out between Zn content and Zn levels 

in irrigation water 

Table (2) shows a high correlation between the 

both factors in different growth stages with 

high R2 values and high significant P- value < 

0.001 under the experiment circumstances.  

The plot of measured plant dry matter content 

of zinc against predicted Zn concentration and 

P
a

ra
m

e
te

r 

Growth stage 

Source of stress 

Zn Cu Zn*Cu 

R2 P value r R2 P value r P value Adj-R2 

p
la

n
ts

 c
o

n
te

n
t 
o
f 

Z
n Tillering 0.73 0.000***  0.85 0.000 0.9 -0.01 0.000***  0.72 

Inflorescence 0.78 0.000***  0.89 0.000 0.9 -0.01 0.000***  0.78 

Flowering 0.91 0.000***  0.95 0.00 0.9 -0.00 0.000***  0.91 

Milk 

development 
0.96 0.000***  0.98 0.000 0.98 -0.00 0.000***  0.96 

p
la

n
ts

 c
o

n
te

n
t 
o
f 

C
u Tillering 0.06 0.09 -0.24 0.16 0.00**  0.4 0.00**  0.17 

Inflorescence 0.001 0.82 0.03 0.17 0.00**  0.41 0.02* 0.14 

Flowering 0.00 0.83 -0.03 0.02 0.3 0.13 0.82 -0.04 

Milk 

development 
0.12 0.013 0.35 0.15 0.00**  0.38 0.00**  0.22 
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the results obtained from the testing of the 

models are displayed in Figure (2).  

The plot of measured plant dry matter content 

of Copper against predicted Cu concentration 

and the results obtained from the testing of the 

models are displayed in Figure (3). 

We were found that the prediction models at 

different stages predict the dry matter content 

of Zn with high significant (P-value < 0.001). 

The correlation coefficient between the 

measured Zn concentrations in dry matter and 

the predicted values was a high positive 

correlation at different growth stages (0.85, 

0.89, 0.96, and 0.98). 

 

 
Fig. 2. Validation of Zn effect prediction models on Zinc 

accumulation in plant dry matter 

 
Fig. 3. Validation of Cu effect prediction models on 

Copper accumulation in plant dry matter 

(2)Relationship between two-band 

vegetation indices and the plant dry mutter 

content of heavy metals 

(i) Zn accumulation 

All vegetation indices calculated from the 

dataset and the regression models were 

validated using the validation dataset.  

The correlation coefficient (r) between the 

measured and estimated values of the 

validation data set were applied. Figures 4 (a, 

b ), 5 (a, b), 6 (a, b) show the highest correlated 

two- band VIs with the Zn concentration in dry 

mutter and the statistical models that can be 

used for detecting the accumulated Zn in plant 

dry mutter.  

We can observe that almost two-band VIs a 

negative correlation with dry mutter Zn 

content, but this negative relationship starts at 

late growth stage.  

The negative correlation started to appear at 

flowering and milk development stages. The 

highest correlated two-band VIs were NDVI, 

SR-680-b, and NPQI. NDVI and SR-680-b had 

a negative correlation with the Zn 

accumulation in dry mutter at the flowering 

and milk development growth stages with high 

significant level (P-value < 0.001).  

 

 

 
Fig. 4 a. (a) Relationship of plant dry mutter Zinc content 

against NDVI, and (b) measured and estimated dry 

mutter Zin contents of the validation dataset based on 

NDVI at flowering stage 

 

Fig. 4 (a, b) and Fig. 5 (a, b) show the 

relationship of plant dry mutter Zn content 
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against NDVI and SR-68-b and the validation 

of prediction statistical model at flowering and 

milk development stages.   

NPQI had a positive relationship with the 

accumulated zinc concentration at flowering 

and milk development stages with high 

significant level (P-Value < 0.001).  
 

 

 
Fig. 4b. (a) Relationship of plant dry mutter Zinc content 

against NDVI, and (b) measured and estimated dry 

mutter Zin contents of the validation dataset based on 

NDVI at milk development stage 

 

Fig. 5 a. (a) Relationship of plant dry mutter Zinc content 

against SR-680-b, and (b) measured and estimated dry 

mutter Zin contents of the validation dataset based on 

SR-680-b at flowering stage 

 

 

 
Fig. 5 b. (a) Relationship of plant dry mutter Zinc 

content against SR-680-b, and (b) measured and 

estimated dry mutter Zin contents of the validation 

dataset based on SR-680-b at milk development stage 

 

 

 
Fig. 6 a. (a) Relationship of plant dry mutter Zinc content 

against NPQI, and (b) measured and estimated dry 

mutter Zin contents of the validation dataset based on 

NPQI at flowering stage 
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Fig. 6 (a, b) show the relationship between 

NPQI and the dry mutter Zn content and the 

validation of the statistical prediction model. 
 

 

 
Fig. 6 b. (a) Relationship of plant dry mutter Zinc 

content against NPQI, and (b) measured and estimated 

dry mutter Zin contents of the validation dataset based 

on NPQI at milk development stage 

 

(ii)Cu accumulation 

The results of regression analysis between Cu 

accumulation in to the plant dry mutter and 

two-band VIs demonstrated that the almost of 

two-band VIs have a negative correlation with 

dry mutter Zn content, but this negative 

relationship starts at late growth stage. The 

negative correlation started to appear at milk 

development stage. The highest correlated 

two-band VIs were NDVI b, GNDVI, SR 

_680_b, PSSR, PSND. All of these VIs had a 

negative relationship with low values of 

correlation coefficient (r). NDVI b, GNDVI, 

PSSR had a correlation coefficient (r) values (-

0.36, -0.37, -0.36) respectively with significant 

level at (P-Value < 0.01), but SR _680_b and 

PSND had a correlation coefficient (r) values 

(-0.37 and -0.36) with significant level at (P-

Value < 0.05). From these results we can 

mentioned that the two-band vegetation indices 

are low correlated with the Copper 

accumulation in to the plant dry matter.  

(2)Metal accumulation into the grains: 

Relationship of grains heavy metal content 

against its concentration in irrigation water:  

The r and P-Value for the grains Zinc content 

prediction models based on irrigation water 

content of Zn and Cu are provided in Figures 

(7, 8, 9, 10, and 11).  Copper had a high 

positive correlation (r = 0.98) with high 

significant (P < 0.001) on Zn accumulation in 

the grains. We can refer this result to the 

positive relationship between the Cu level add 

in irrigation water and Zn accumulation in 

plant dry mutter at deferent growth stages 

generally and  at the last growth stage (Milk 

development stage) specially.  

Equation (1) shows the interaction effect on the 

accumulation of Zinc into the grains statistical 

prediction model. 

Equation 1 

ώ  ρȢσψὤὲὅό υȢωτὤὲὅόρȢςυ 
Equation (2) shows the interaction effect on the 

accumulation of Copper into the grains 

statistical prediction model. 

Equation 2 
ώ  ρȢσψὤὲὅό υȢωτ ὤὲὅό ρȢςυ 

 

Fig. 7. (a) Relationship of wheat grains Zinc content 

against irrigation water Copper content, and (b) 

measured and estimated grains Zin contents of the 

validation dataset based on Copper concentration in 

irrigation water 

a 

b 

a 

b 

ώ πȢπππτὼ πȢππσὼ πȢπχ 

r = 0.98 
P < 0.001 
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Fig. 8. Measured and estimated wheat grains Zn contents 

of the validation dataset based on the interaction 

between the irrigation water content of Zinc and Copper 

 

 

 
Fig. 9. (a) Relationship of wheat grains Copper content 

against irrigation water Zinc content, and (b) measured 

and estimated grains Cu content of validation dataset 

based on Zn add in irrigation water 

 

Figure (9) illustrates the relationship between 

the Zn concentration in irrigation water and Cu 

accumulation into the grains. The figure shows 

a polynomial negative relationship between 

Zinc concentrations add in irrigation water and 

the Copper accumulated into the grains with 

significant level (P-Value < 0.01).   

The irrigation water Copper content had a 

polynomial positive relationship with Cu 

concentration in grains as illustrated in figure 

(10) with significant level (P-Value <0.05). 

The interaction between the irrigation water 

content of Zn and Its content of Cu had highest 

correlation with the Copper accumulation into 

the grains with high significant level (P-Value 

<0.001). Fig. (11) shows the validation of 

prediction statistical model of interaction effect 

on grains Copper content.   
 

 

 
Fig. 10. (a) Relationship of wheat grains Copper content 

against irrigation water Copper content, and (b) 

measured and estimated grains Cu content of validation 

based on Cu add in irrigation water 
 

 
Fig. 11. Measured and estimated wheat grains Cu 

contents of the validation dataset based on the 

interaction between the irrigation water content of Zinc 

and Copper 
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Relationship of grains heavy metal content 

against vegetation indices (VIs) 

Two-band VIs had an insignificant relationship 

with Zn accumulation in grains. In contrast Cu 

accumulation into the grains had a significant 

relationship with the almost of two-band VIs 

with low correlation coefficient. NDVI, 

GNDVI, RNDVI, SR ï 680, and NPQI had a 

significant correlation with grains Cu content 

at (P-Value <0.05) and r (-0.30, -0.31, -0.30, -

0.33, and 0.36) respectively. NPCI and PSSR 

had a highest correlation with Cu 

phytoaccumulation into the grains with highest 

significant level (P-Value < 0.01) and (r) 

values (-0.39, -0.42). 

 

CONCLUSIONS 

 

Results of present study demonstrate that 

hyperspectral reflectance data, as well as 

studied VIs appears to have potentials for 

monitoring the phytoaccumulation of Zn into 

above-ground parts of wheat. The 

hyperspectral vegetation indices had 

insignificant correlation with Zn accumulation 

in to the grains, but it had a significant negative 

relationship with Cu concentration in grains 

with low correlation coefficient values.   
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Abstract 

 

Gedong Lipstick Mango (reddish mango) is a commodity with economic and strategic value because it has a pretty 

good market opportunities in the local and export markets. Majalengka can be regarded as one of the Gedong mango 

production center that considerable potential in West Java, especially in the District of Panyingkiran. However, 

mango cultivation still has problems ranging from manufacturing to post-harvest which still modest. It has not applied 

the proper technology so that the harvest quality is still low with discontinuity production as well as relevant actors 

who do not have a good synergy which adds to the increase of complex problems in mango farming. This research 

aims to assess the occurrence of unstructured problems and is expected to offer a solution of adaptive mango 

agribusiness development. This study is a qualitative design using case study method and system thinking of soft 

system methodology (SSM) approach. The results showed that the formulation of improvements to be made in mango 

cultivation is the coordination and collaboration among related parties which are optimized through control activities 

by performing intensive coaching and mentoring. There is also dissemination of information and technology related 

to the implementation of innovation in supporting the continuity of supply that generates a model of agribusiness 

development in integration with related parties which supported government regulation. Similarly,  a partnership with 

industrial companies or structured market through the principles of justice should be reorganized with the 

establishment and strengthening cooperatives as facilities for mango farmers in realizing a strong mango agribusiness 

system and implementing appropriate corrective measures according to SSM results. 

 

Key words: agribusiness, mango, continuity of supply, soft systems methodology 

 

INTRODUCTION  
 

Mango is one of the commodities that possess 

economic and strategic value. This commodity 

has also  sizeable market opportunities in both 

domestic and export markets. People fond of 

Gedong Lipstick Mango because it has a high 

nutrient content. Mango consumption per 

capita per year based on the national socio-

economic survey of Central Bureau Statistical 

Agency since 2008 to 2014 is likely to 

increase. It reached the highest rate in 2011 

with a number of 0.63 kg/capita/year or an 

increase of approximately 200% over the 

previous year and is considered the highest 

level of mango consumption in the last 5 years 

[2]. 

West Java province is counted as one of pillar 

region in the development of Gedong mango, 

particularly Majalengka regency. On one side, 

mango has prospective potential, but on the 

other hand, it still has problems that must be 

resolved. In general, the cultivation and 

development of mango are facing various 

problems, namely (i) it is greatly influenced by 

season/weather (ii) scale farming is still 

relatively small (iii) marketing is still done by 

Tebasan (a selling method by which the farmer 

sells his product to labor contractor/penebas 

for cash before the harvest), Ijon (similar to 

Tebasan by which the farmer mortgages his 

green crop for money) and contract that lead to 

the exploitation of production due to the 

insistence economic needs, avoiding the risk of 

production failure and large maintenance costs, 

(iv) benefit is mostly enjoyed by traders instead 

of the mango farmers [1]. Mango farmers in 

Majalengka are also experiencing pretty much 

the same problems in cultivating the crops. 

They are ranging from culture systems that 

have not been able to apply the proper 

technology yet which causes low- quality 

products and fluctuation of production 

whereby resulting to price fluctuations as well. 

An old system is still applied in the process of 

harvesting and post-harvesting, especially in 

mailto:sri.ayuandayani@yahoo.com
mailto:sri.ayuandayani@yahoo.com
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marketing which has not yet held the 

coordination and synergy among parties 

related. 

Other problems frequently encountered in the 

development of mango agribusiness are the 

inability of farmers to fulfil market demand for 

continuity of product supply and products 

which have not met the quality of consumer 

preferences which clearly appear on the 

purpose to enter industrial and export markets. 

Institutional partnerships are weakened 

compared to the previous one which had been 

built several years ago, due to the lack of 

commitment and coordination which leads to 

the low access of markets among the mango 

agribusiness actors. The un-optimized 

application of the proper cultivation 

technology, inappropriate post-harvest due to 

the imbalance in the mastery of science and 

technology, and capital assets are also 

obstacles in mango agribusiness. A question 

arises from such complex problems would be 

how to describe these unstructured problems 

and offer a solution for real-world 

improvements in the sustainability of 

production and also produce an adaptive 

mango agribusiness development model.  
 

MATERIALS AND METHODS  

 

This study is a qualitative using case study 

designed to explore issues that are not 

structured, digging the cause of the 

discontinuity of production, and offers a range 

of solutions from actors and stakeholders in the 

development of mango agribusiness. A system 

thinking with soft system methodology (SSM) 

approach, is used to analyze the development 

of mango agribusiness. SSM defines and states 

the problems and conceptual models existed to 

support in understanding the issues so as to 

produce an agreement, the real action, and 

perception [6].

 

 
Fig. 1. Stages of SSM (Source: Checkland & Scholes, 1990) 

 

Soft system methodology (SSM) developed by 

Checkland in the 1980s as a process of research 

and study measures to improve the situation of 

unstructured problems where issues are vague 

perceived but not clear. SSM is an organized 

way to handle a situation of social problems. 

SSM approach is the intellectual tools used to 

design and implement changes in the social 

issues of the reality/reality in ways it needed to 

improve something better. Changes proposed 

by the SSM can be a strategic issue or at the 

operational level in social problems [7]. In the 

SSM approach, some illustration of the 

interactive process covered in seven stages. 

Those stages are: (a) examining the 

unstructured problems (Rich Picture); (b) 

expressing the problem situation (cultural 

analysis); (c) establishing the definition of the 
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problems associated with problem situations 

(CATWOE); (d) building conceptual models 

(HumanActivitySystem-HAS); (e) comparing 

conceptual model with problem situation; (f) 

establishing a feasible and desirable changes; 

(g) taking corrective action on the problems 

[4]. Stages in detail can be seen in Figure 1. 

 

RESULTS AND DISCUSSIONS 

 

Mango Cultivation Agribusiness 

Majalengka regency is one of the centers of 

mangoes production in West Java province. 

The main mango species developed in the 

central areas are Harumanis mango, Gedong 

Lipstick, Golek, Cengkir, and others. Among 

those, Gedong Lipstick mango is a superior 

product in the region that has the competitive 

value which is expected to increase the income 

of mango farmers who cultivate it. Cultivation 

of mango agribusiness is still considered 

modest starting from maintenance activities, 

harvest, post-harvest to marketing. In general, 

it is a plant that has been cultivated since long 

ago, while a process of planting new mango 

can be regarded as a complete stage of mango 

agribusiness [1]. 

Since 2001, there is an enactment of leading 

commodities in Majalengka, one of which is 

fruits including mango Gedong lipstick, durian 

(king of fruit), banana, and avocado; all based 

on the suitability of agroecosystem in each 

region of development-production center. 

Since the establishment, until now Majalengka 

becomes one of the central areas of mangoes in 

West Java and it has become the plant that the 

public interest to cultivate, although there are 

still many farmers who undertake mango only 

as secondary crops. However, there are also 

some farmers who have started to 

commercialize this mango crop in semi-

intensive planting system, even monoculture 

cropping pattern has already spread in the area 

of wetland and upland. Nevertheless, by 

overviewing the general conditions on the 

ground, most of the mango farming has not 

been carried out intensively for commercial 

purposes. In mango cultivation, activities 

starting from maintenance such as land 

clearing, fertilizing, and pest eradication are 

still applying the old/ modest system, so did the 

harvest and post-harvest activities.  

Due to a number of labour costs to be incurred 

by farmers for the harvest and post-harvest, the 

majority of them choose systems to harvest as 

follows: (1) Ijon system (bonding system), as a 

system of debt confinement by which the 

transaction is carried out during the mango 

plants are in bloom with the calculation 

through an assessment of mango tree per unit, 

(2)Tebasan system (slash system), this 

harvesting system is executed by purchasing at 

the time young mangoes has been formed 

which make it easier for farmers and buyers to 

set the price. However, there is a delay in 

payment to the farmer due to the traders who 

wait for the payment from the ñbig buyersò or 

wholesalers. The farmers find no objection for 

such systems because they have already 

established business ties with traders villages 

and wholesale traders. There is even a close 

attachment when farmers need capital for their 

mango farming and the wholesalers 

immediately give them which also means 

indirectly bind them for their mango 

marketing. That way, the farmers have a very 

low bargaining position because the price for 

mango selling can only be determined by the 

buyer, in this case, those traders or 

wholesalers. 

In general, marketing on mango crops is 

established through linkages between traders 

or wholesalers and farmers which have already 

been patterned before, despite there is a higher 

price offer. This is due to the dependence 

relationship and habit among actors in the 

marketing. the farmers find it rather hard to 

sells products by themselves since the traders 

or wholesalers actively approach farmers, 

especially those who desperately needs money 

for their business or family needs. They would 

borrow money from that traders or wholesalers 

by installments and make obvious attachment 

and dependence to them. Similarly, the 

provision of pesticides/insecticides is also 

obtained from traders/wholesalers. 

Soft Systems Methodology (SSM) 

Actual Condition 

A complex problem is a hallmark of business 

activity, including in mango agribusiness 

supply chain. It occurs due to the interaction of 
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the various actors in this business from 

upstream to downstream, as well as the 

unsustainability of mango production which 

failed to meet the predicted increase in market 

demand and cause fluctuating price. To 

overcome the unsustainability of mango 

production due to the fact that it is a seasonal 

crop, off season technology is now widely 

applied, except for the mango farmers in 

Majalengka since they have a limitation in 

human resources and capital. Limited human 

resources management, implementation of 

modest technology, and limited capital in 

mango cultivation cause for modest activities 

from maintenance to harvesting with low result 

product quality as well. In addition to small 

quantity products which have not been able to 

meet the predicted increase in market demand, 

the low quality is also a factor of farmersô 

inability to enter the structured market, that is 

a definite pattern of purchase market with 

pricing contracts such as industrial companies, 

supermarkets, and export. Accordingly, there 

is no recent partnerships between 

farmers/farmersô group with industrial 

companies or structured market which 

previously established in 2005. PT. Indo Fresh 

was purchasing mango and provided guidance 

to mango farmers in maintenance activities in 

collaboration with the Department of 

Agriculture, although this cooperation is still 

limited to the types of Gedong lipstick mango 

[1]. Unfortunately, that cooperation only lasted 

for a year because the two parties did not meet 

the commitment of the partnership agreements. 

Rich Picture 

Rich picture is used to understand the 

circumstances of the problems from various 

perspectives, structure, process activities in 

agribusiness mango cultivation, the 

relationship, and conflict between the actors 

involved whereby such abstract things are 

visualized by means of symbols. Rich picture 

is the result of supply chain mapping that has 

been done through external validation of 

focused group discussion. The rich picture 

below shows the activities in mango 

agribusiness. 
 

Depar tment of 

agr iculture

Suppor ting 

Industr ies

Farmer

Farmers

Supermarket

Collecting 

merchants Traditionel 

market traders

Exspor ter

Wholesalers

Processing 

Industry

Banking and Finacial 

Institutions

Capital loan 

and Payments

Bank Capital 

Loan

Capital loan 

and Payments

Deposit to the 

bank

 
Notes : Ą : cash flow 

            Ą : the productionôs stream 

Fig. 2. Rich Picture of Mango Cultivation 
Source: Primary data, 2014, Processed 

 

Figure 2 shows that the whole picture of 

activities in mango cultivation begins with the 

identification of mango farmers incorporated 

in a farmer group. Actors involved in the 

supply chain of mango consists of supporting 

industry (in this case is an input provider or 

mango seed supplier), saprotan (agricultural 

inputs) store as agro input sellers which 
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generally facilitated by traders (big and small 

ones) or wholesalers who come and actively 

approach mango farmers to buy their products 

to the extent of creating dependency in 

purchasing and selling engagement through 

finance for mango cultivation, and the 

involvement of various parties including 

Department of Agriculture, Department of 

Trade and Industry, banks and other financial 

institutions. Usually, mangoes from farmers or 

farmer groups go directly to traders or 

wholesalers, and wholesalers would directly 

deal with buyers such as supermarkets, 

traditional markets, exporter (about 5%), and 

to the processing units which still a little in 

number.  

CATWOE Analysis Based on Transformation 

Problems existing in the operational of mango 

agribusiness are studied and analyzed by 

CATWOE to transform the events by means of 

dialogue and direct observation in the field, 

then identified the structures and roles, the 

relationship between the role of stakeholders, 

values and also norms [4]. Cultivation of 

mangoes in the research area showed an 

unoptimized development which can be seen 

from the maintenance which is still not in 

accordance with the Standard Operating 

Procedure (SOP), for example, pruning the 

young plants with patterns of 1, 2, and 3, 

namely one main stem with two buds and each 

bud consists of three branches. The same thing 

happens in the harvest and post-harvest 

activities with an unoptimized application of 

technology. Based on that, it is necessary to 

take a model of development in mango 

agribusiness to maintain its sustainable 

production. According to CATWOE analysis 

results, an assessment is formed to produce a 

formulation in making changes by comparing 

the model with the actual occurrences in the 

reality/reality.
 

Table 1. Actual Condition in Mango Agribusiness Cultivation 

Process of Activities in Mango  

Agribusiness Cultivation 

Actual Condition in Mango Agribusiness Cultivation 

Maintenance It is still modest and not in accordance with SOP. 

Harvest and post-harvest It is still modest with confinement system of Ijon and Tebasan. 

Sorting It is done by traders (big and small) or wholesalers. 

Capital There is no adequate capital assistance and still rely on the loan from 

collectors, traders or wholesalers. There is also barely interaction between 

farmers and banks or other financial institutions. ` 

Partnership There is no reconnection/re-collaboration with industrial companies or export. 

Farmer groups It has not taken a role as a medium of information and communication, media 

coaching, consulting and marketing. 

Pricing  There is no involvement of mango farmers as producers of mango. 

Payments from traders/Bandar/ 

Wholesalers 

There is a payment delay. 

Continuity of production Uncertainty of production sustainability 

Source: Primary data, 2014, Processed 

 

Based on Table 1, the actual conditions 

associated with the results of studies in the 

field, the un-optimized of mango cultivation 

can be seen in the research area resulted in 

many things that should be managed properly. 

Modest maintenance is still applied without 

complying to mango cultivation SOP with 

harvest and post-harvest confinement system 

of Ijon and Tebasan. Mango farmers in 

Indramayu sell their products using Tebasan 

system with a price of around 73.3% lower 

than the actual price and sell the remaining of 

their own harvest to the collector. Factors 

affecting farmers to choose to harvest with 

Tebasan system is the need for fast cash and 

avoiding labour expenses and the high cost of 

harvesting [9]. It is in contrast to the study, 

which explained that farmers will obtain higher 

mango prices and market certainty if they sell 

their mangoes to AFMM (Association of 

Farmers and Mango Merchants), but 

overviewing from the field, there are only a 

few farmers join this institution. Partnerships 

that ever existed in 2005 has not yet been re-

established in present time and makes mango 

market limited to traders or wholesalers only 

[8]. Viewing from the needs, interests, and 

benefits, this partnership is very important and 
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should be established in the business world. 

The partnership has great benefits which are 

improving access to capital and production 

factors, increasing market access, 

implementing the recommended technology, 

and managing risk better. In agribusiness 

system, the partnership is crucial since it can  

unite the farmers from various sub-systems of 

production and other sub-systems with the 

hope of improving the efficiency, productivity, 

and income of farmers.  

The implementation of off season technology 

to maintain continuity of supply can not be 

done in the research area. It can be applied 

since February to June each year, so that the 

mango production is sustainable. Currently, 

this technology still relies on nature compared 

to users in Cirebon (another district in West 

Java) who has already implemented the 

technology for quite some time. The off season 

technology emphasizes more to stimulating 

flowers as well as plant growth regulator, 

balanced fertilizer, and pruning. However, the 

farmers still take into account the costs they 

incurred to the risk of failure and the skill they 

have [8]. 

Cultural Analysis 

Cultural analysis viewed intervention as a 

problem and identification as follows: structure 

and roles intervention, relationship seen from 

that values, norms, and roles [4].

 

Table 2. Aspects Related and Description, Condition and Drivers in The Development of Mango Agribusiness 

No. Aspects Related to 

the Development of 

Mango 

Agribusiness    

Description, Condition and Drivers in The Development of Mango Agribusiness 

 

1 Client Mango farmers, farmers' groups, traders, wholesalers, Department of Agriculture, 

user/consumer, business processing 

2 Aspiration clients To produce sustainable mango production optimally with good quality 

3 Troubleshooting To optimally manage mango cultivation through guidance to the farmers to 

implement the technology complying to SOP and enhances participatory 

collaboration among stakeholders in an effort to re-establish partnerships with 

industry, and also increasing market access and maintaining the continuity of 

mango supply through off season technology application 

4 Resources  

Availability 

The increasing trend of market demand both local and export, mango farmers and 

farmer groups  

5 Constraint Un-optimized management, less market access, partnerships which have not yet 

been established with market access, including the processing industry  

6 The cause of  

Constraints 

Lack of collaboration and coordination among actors which formed un-optimized 

management of mango agribusiness and there is no strong institutions to bridge the 

interests of farmers  

7 Implications of  

selected issues 

If collaboration among parties involved in mango agribusiness can be improved 

with optimal management and better technology implementation, it will create 

production sustainability with better quality 

8 Reasons determine 

the problems 

There is no partnership established yet which makes farmers have less market 

access. Unsustainable production and the absence of mango processing 

management resulted in un-optimized income for farmers 

9 A positive value of  

the problem 

Ensuring the continuity of mango production with better quality and more secure 

market access through partnerships to set stable prices, and also the formation of 

farmer institutions in bridging the farmerôs interests in hopes for mango farmers' 

welfare guaranteed 

Source: Primary data, 2014, Processed. 

 

Structure and Role Intervention 

Relationship Between Roles, Values, and 

Norms 

Mango is a potential commodity to be 

developed as it is predicted to have an increase 

in market demand. It is  

also one of the superior commodities that will 

be developed nationally. Nevertheless, the 

predicted increase in market demand has not 

been used well by mango farmers. Cultivation 

of mangoes are still facing many problems: 

management that has not been optimally 
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developed, low quality product with 

uncertainty in the continuity of production, 

farming implementation that has not been 

complied with standardized operational 

procedures, institutional support for farmers 

which have not yet formed an optimal way, the 

partnership that has not been reestablished, 

farmersô lack of skill in applying technology 

for maintenance and mango production, 

harvesting and post-harvesting. Collaboration 

and coordination among actors have not been 

going well. Based on those issues, it is obvious 

that the sustainability of production has not 

been running well and farmers still do not have 

a proper bargaining position. There is no 

harmonization of the roles of actors involved in 

the mango agribusiness according to values 

and norms that may have previously been in 

agreement among actors towards advanced 

mango agribusiness and production continuity 

to increase farmersô welfare. 

Root Definition 

Mango agribusiness cultivation should 

continue to be developed to ensure the 

sustainability of the mango production in an 

effort to meet the demand of both domestic and 

international markets which predicted to rise 

by establishing a good and fair partnership 

entanglement. The attitudes of the actors 

involved, the skills and culture, especially of 

mango farmers and stakeholders are 

considered to be a trigger in production 

discontinuity which should be controlled by a 

variety of activities in mango cultivation. 

Relevant Modelling System 

Formulation of Efficacy, Efficiency, 

Effectiveness, Ethicality , Elegance (5E) 

Formulation of 5E is an activity of evaluation 

by planning agribusiness activities in the 

attainment of mango cultivation in accordance 

with the desired transformation.  

Human Activity System (HAS) 

In Human Activity System, there is an 

involvement of activities among the actors of 

mango agribusiness which is needed to reach 

transformation process, namely to increase 

production sustainability through proper and fair 

partnership (Fig.3.). 
 

Table 3. Formulation of Efficacy, Efficiency, Effectiveness, Ethicality, Elegance (5E) 

No Aspect of Formulation  

1 Efficacy Coordination and transparency of all actors involved in mango agribusiness  

2 Efficiency Mango cultivation activities are in accordance with standard operating procedures 

(SOP) of the proper mango cultivation   

3 Effectiveness Mango cultivation is optimally planned to ensure the implementation of a complete 

mango agribusiness system 

4 Ethicality Mango agribusiness management through farmer groups does not reduce the rights 

of farmers to determine their mango cultivation  

5 Elegance Activities in mango cultivation optimally carried out with consideration of the 

principle of production sustainability to achieve the desire transformation  

Source: Primary data, 2014, Processed 

 

 
Fig. 3. Human Activity System (HAS) in Mango Agribusiness 
Source: Primary data, 2014, Processed.  
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Table 4. Comparison of Model with the Reality 

Activities on the 

Model 

Yes/ 

No 

How Who? Good/ 

Bad? 

Alternative 

Transparency of 

prices to all actors of 

mango business, 

mainly farmers 

No  Farmers through farmer groups 

involved in determining the 

price, but at present farmers are 

never involved in price 

determination done by traders or 

wholesalers 

Farmer, farmer 

groups, traders or 

wholesalers 

Good  Involvement of mango 

farmers in pricing after 

purchase and sale agreement, 

especially after farmers were 

given  loan by the 

wholesalers 

To control the 

maintenance 

activities, production, 

harvest, and post-

harvest 

Not Farmers through farmer groups 

have to make sure that 

production process is done 

according to the standard 

operating procedures (SOP) 

Farmers, farmer 

groups, traders 

(collector), 

wholesalers 

Good There should be re-

establishment of 

partnerships with industry 

To establish and 

strengthen the 

supporting 

institutional in mango 

agribusiness 

Currently  

no  

There is agreement to form a 

cooperative to support mango 

business activities  

Farmers, farmer 

groups, local- 

government 

Good   

Integrated 

government policy to 

all actors involved in 

mango agribusiness  

No Governmentôs policies and 

regulations should support the 

development of mango 

agribusiness as a complete 

system 

Farmers, farmer 

groups, traders, 

local-government  

Good   

Dissemination of 

information and 

technology related to 

mango agribusiness  

Yes,  

it exists  

There should be a motivation to 

hold a meeting between farmers 

and farmer groups to apply the 

technology according to SOP 

Farmers, farmer 

groups,  

the government, 

(the relevant 

offices/ 

agencies) 

Good  Guidance for farmers from 

related agencies to 

implement the production 

technology, maintenance, 

harvesting, and post-harvest  

Source: Primary data, 2014, Processed 

 
Table 5. Formulation Changes Process of SSM on Mango Agribusiness Cultivation  

Activit ies Is it 

necessary? 

Is it can 

be done? 

Possibility of  Real Action 

Transparency of prices to all actors involved 
in mango businesses  

Yes It can Coordination among parties involved should be optimized in 
maintaining justice/fairness for all  

Procurement of agricultural inputs, 

especially for fertilization and pest control 
plant diseases managed by farmer groups 

through cooperation with companies 

supplying inputs  

Yes It can To optimize the coordination and collaboration between farmer 

groups and companies supplying inputs  

To establish and strengthen the supporting 

institutions of mango agribusiness 

Yes It can Motivated to form a cooperative as bridging facilities of farmers 

in managing saprotan (agricultural inputs), capital, 

development, and implementation of technology through the 
adoption of innovation to improve mango agribusiness better 

Control of activities on maintenance, 

production, harvest, and post-harvest 

 

Yes It can Involving farmers, farmer groups, cooperatives (soon to be 

formed), universities, companies inputs, related agencies which 

would be more active in their role to perform optimal and 
intensive coaching and mentoring  

Through collaboration and coordination among relevant parties 

which can motivate farmers to implement the technology with 
proper SOP and apply that technology for sustainability of 

production  

Integrated relevant government policies and 
regulations in the system of mango 

agribusiness  

Yes It can Consultations and hearings of farmers, farmer groups and 
parties involved in related activities of upstream and 

downstream of mango businesses, viewed from the needs and 

policies, and also a proactive of government  role to this 
activity. Coaching and motivating to re-establish a partnership 

with industrial firms. Policies on financial management through 

access to capital for mango farmers  
Policies to access mango market 

Dissemination of information and 

technology related to mango agribusiness  

Yes It can Optimizing a meeting among the parties through coaching, 

mentoring, counseling, guidance, seminars on optimizing 
business management  

Optimization of the coaching and mentoring in technological 

innovation according to SOP 
Guidance and advisory services related to management of the 

stock in the warehouse to maintain continuity of supply 

Source: Primary data, 2014, Processed 
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Model Comparison with the Reality 

Stakeholders or actors involved in mango 

agribusiness perform a comparison of the 

conceptual model between human activity 

system with the reality.  

It can be seen in a variety of questions in Table 

4. 

Formulation Changes 

By examining the phenomenon in the 

reality/reality and overviewing rich picture, some 

formulations of the desired changes which 

considered culturally relevant and  

proper, meaningful and considerably meet the 

needs of stakeholders were obtained [3]. These 

changes can be carried out by the stakeholders 

involved in mango agribusiness. They can be 

seen in Table 5. 

Taking Actions and Implications Research 

Based on the analysis and assessment of the 

stakeholders either as actors and parties 

involved in mango agribusiness and have also 

been through a description of: (i) rich picture, 

(ii) cultural analysis of stakeholders and 

decision makers, (iii) the definition system of 

relevant/CATWOE, (iv) modelling system 

relevant to the concept of human activity 

system (HAS), (v) comparison of conceptual 

model with the reality, (vi) the formulation of 

improvement. The final stage of activities or 

business actions submitted to stakeholders of 

mango agribusiness cultivation. 

 

 
Note: Laku Pandai: Financial Service Authority (FSA) service model (without office). 

Fig. 4. Development model of mango agribusiness 
Source: Primary data, 2014, Processed


