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Abstract

Field and screen housedts 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 ferzdir :(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 prolgbéinowed 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 affectéfeogrd 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.
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 that helps keep nematode pest population in
check.
Okra (Abelmoschus esculentus) is an Earlier researches conducted on the ofe
important vegetable crop in Nigeria and it isextracts of Neem Azadirachta indick
widely cultivated throughout the tropics. It is Mistletoe {iscum alburj) Lantana (Lantana
found in almost all markets in Africa [14]. Itis spp.), Lemon gras€ymbogo nitrates Castor
a good source of vitamin A, B, C and also rich oil (Ricinus communi&), Mustard Brassica
in protein, carbohydrates, fats, minerals, ironjunceg were reported to be effective in the
and iodine [3]. Nutritionally therefore, the control of rootknot nematode [8]. &0, [9]
production of fruit vegetable like okra will help reported that the addition of compost decrease
in alleviating the nutritional need of Nigerians nematode pest and resulted in increased crop
Nematodes have thgreatest impact on crop growth and yield. There is substantial evidence
productivity attacking the roots of seedlingsthat the addition of organic matter in form of
immediately after seed germination [11]. compost or manure will decrease nematode
Nematode feeding also creates open woundgest populations a@h associated damage to
that provide entry to a wide variety of plant crops [17; 7; 1; 16]. This could be as a result of
pathogenic fungi and bacteria. These microbialmproved soil structure and fertility, alteration
infections are often more economically of the level of plant resistance, release of
damaging than the direct effects of nematodéematetoxins or increased populations of
feeding. A balanced soil ecosystem supports ungal and bacterial parasites and other
wide variety of biological control organisms nemdodeantagonistic agents [2]. Reduced
nematode damage from increased organic
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matter in soil is likely a combination of these analysis of the experimental soil, organo
interactions. Higher organic matter contentmineral and organic fertilizers were carried
i ncr eases -hadng lcapacity ana t oaitr
supports  thriving communities of the The experimental design was randomized
decompsers and predators that make up theomplete block (RCBD) with four replications
soil 6s digesti ve sys amahe tredtrhemts weretfive éevels of mrgaod
research is to assess the effectiveness ahineral fertiizers; 1.5 (B), 2.0 (), 2.5 (Ta),
organic and organmineral fertilizers, in the 3.0 (Ts), and 3.5t/ha (d), five levels of organic
control of soil borne nematodes pest of okra. fertilizer; 1.5 (), 2.0 (Tg), 2.5 (To), 3.0 (Two)

and 3.5 t/ha (f2) and the control (1)
MATERIALS AND METHODS Greenhouse experiment Each pot was

inoculated with 5,000 nematode juveniles
The studymclude screen house and field trialsNematode susceptible okra seeds from Seed
conducted between 2014 and 2015 croppingroject, Kano were planted in each pot at 3
seasons at the teaching and Research Farm aséeds per pot, which was later thinned down to
screen house of the Ladoke Akintolal healthy plant per pot, and treatments (organo
University of Technology, Ogbomoso, mineral fertilizer and organic fertilizer rates)
Ni geri a. Ogbomoso %H i eere apptied ht dwo gekst afted germiha&tidn0
|l at i t UNland i8 dchtéd in the guinea Each treatment was replicated four times
savannah zone of Southwestern Nigeria. Thenaking a total of fortyfour (44) pots. These
temperature ranges from -38°C with  were laid out in a randomized complete block
humidity of about 74% all year except in design (RCBD). Control of insect pests was
January when there will be dry wind blow. done by spraying with Neem based compost
Rainfall distribution is bimodal and extends using hand sprayeccording td4].
eight to nine month of the year. On the Field experiment The field experiments were
average the annual rainfall is about 1,286 mntarried out during the 2014 and 2015 cropping
[10]. seasons. At planting, soil samples were taken
Organic and organmineral fertilizers used as and assessed for nematode population counts
treatments was collected from Sunshineby the modified Baermann technique [18].
fertilizer company, Akure, Ondo state while Nematode susp#ible okra seeds from Seed
the soil sample and root knot infested plantproject, Kano were planted at-8 seeds per
materids were collected from Teaching and hole and later thinned down to 1(one) healthy
Research farm of Ladoke Akintola University seedling per stand atvteek after germination.
of Technology, Ogbomoso, Nigeria. This soil Treatments of organo mineral and organic
had been earlier reported to be infected by roofertilizers rates were applied in a randomized
knot nematodes [9]. complete block design (RCBD) with four
At planting and immediately after harvest, replications. The total experimental plot was
250ml soil was codicted from the 33 by 15m (495 ). Each treatment plot was
experimental pots and field for nematode-bio of 3 by 3m plot size and each block was
assay. The soil was assessed for nematodseparated by a space of 1m. The crops were
using microscope, as described by [18] andspaced out at a distance of 50cm by 1m.
[15]. Nematodes would be identified using Contol of insect pests was done by spraying
CIH Nematode description guides of the UK. with Neem based compost using hand sprayer
Also, pre and post harvesbil samples was according td4].
taken per block at the depth of-05 cm for  Data were collected on plant height, number of
physical and chemical analysis, nematoddeaves, fruit number and weight, root gall
population assessment and soil nutrient statusndex, initial and final nematode population on
The sample taken was bulked to form athe field and inthe pot. Analyses of the data
composite sample. Root gall indices werecollected were carried out using ANOVA at
scored after [13]scale of 1 - 5. Nutrient 5% level of probability where the separated
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means were subjected to Duncan Multiplenitrogen, calcium, potassium, sodium, iron,

Range Test. magnesium, zinc, copper, lead and cadmium to
be moderate in the soil and high in the organic
RESULTS AND DISCUSSIONS fertilizer which shows good management

during its produgon and storage. Chromium
The analysis of soil, organic and organoand nickel were present in organo mineral
mineral fertilizer (TBble 1) showed the fertilizer but wee absent in organic fertilizer.
presence of organic carbon, organic matter,

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

SOIL OM OF
pH 6.7 5.8 55
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') 0.38 1.48 0.48
Potassium(MgKg) 0.65 2.63 0.75
Sodium(CmolKg) 0.57 2.74 0.53
Iron(MgKg?) 0.32 1.47 0.18
Magnesium(MgKd) 1.02 1.63 0.38
Zinc(MgKg?) 1.18 1.8 0.12
Copper(MgKgh) 0.24 0.36 0.13
Lead(MgKg?) 0.1 1.23 0.02
Cadmium(MgKgh) 0.13 1.3 0.02
Chromium(MgKg?) 0.05 0.35 ND
Nickel(MgKg?) 0.04 0.23 ND

OM = Organo mineral fertilizer, OF = Organic fertilizer

The application of organic and organieral  plant (4.0).The mean weigbf fruits was also
fertilizer had significant effects on the significant in both experiments with treatments
vegetative parameters taken. The height off2, T3 and T4 producing the highest mean fruit
okra plant in the field and the green house wasveight of 30.0g, 32.01 g and 30.99¢g
affected by the treatments at 10WAP andrespectively in the field and 48.6f 51.769g
6WAP respectively, where the addition of and 40.52g respectively in the green house
treatments at T3, T4 T4 in fiekhd T3, T5in trial.

green house produced significant taller plants'he dra fruit yield was most favoured with the
when compares with other treatments (Tableapplication of organic and organo mineral
2). fertilizers in these studies. The treatments T3
At 10WAP, application of organo mineral and T4 gave the yield of,249.6 kg/ha and
fertilizer at T3 and T5 produced significantly 2,274kg/ha in the field trial, respectively while
higher number of leaf. In the green housen the green house the samand was observed
however, organo meral fertilizer rate of T2 with the least yield from the control (Table 4).
had significantly higher leaves number thanTable 5 showed the effects of organic and
other treatments. organo mineral fertilizers inputs on the root
The yield parameters of okra was significantlygall index and nematode population in these
affected by the organic and organo mineralstudy. The treatments had significant effects on
inputs in this study. the paraeters taken. The root gall index
The addition of organo mineral at T3, T4 anddecreased significantly due to the application
organc fertilizer at T8 produced the highest of T7 in the field and T7, T8 in green house
number of fruits per plant (3.67) which was nottrial when compared with the control
significantly different from the addition of T2 (untreated soil).

(3.33). In the green house trial however, T2, T3The population of the nematode was also
and T4 gave the highest number of fruits pereduced drastically as a resultloé application
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of organic and organo mineral fertilizers. In theindustrial wastes as a management option for
field trial the addition of T7 and T9 suppression of plargarasitic nematodes.
significantly reduce the nematodes populationSuch suppression was also demonstrated for
while the treatments T4, T8 and T9 in greenorganic amendments derived from forestry
house traill when compared with otherindustry residues [6]The effect of organic
treatments. This agreesitiv [1]; [2] who amendments on suppression of plant parasitic
reported the potential of some composted agroematodes 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

AWAP 6WAP 8WAP 10WAP AWAP 6WAP 8WAP 10WAP
T1 7.00a 7.67a 7.67a 8.00b 5.00a 4.67b 6.00a 7.33a
T2 7.33a 7.67a 8.67a 9.00ab 5.00a 5.67ab 7.33a 10.00a
T3 7.33a 7.67a 9.00a 9.33ab 4.67a 5.33ab 7.33a 9.00a
T4 7.33a 7.67a 9.00a 9.67a 5.00a 5.33ab 7.33a 8.00a
T5 7.33a 7.33a 9.00a 9.33ab 4.67a 5.00ab 7.00a 9.67a
T6 7.33a 8.00a 8.67a 9.33ab 5.66a 6.33a 7.66a 9.67a
T7 7.00a 7.33a 9.00a 9.33ab 5.00a 5.67ab 7.67a 10.00a
T8 7.00a 7.67a 8.33a 9.00ab 4.33a 5.00ab 6.00a 6.33a
T9 7.00a 7.33a 8.33a 9.00ab 5.33a 6.00ab 7.33a 9.33a
T10 7.00a 7.67a 8.33a 8.67ab 5.33a 5.33ab 6.33a 8.33a
Ti1 7.00a 7.67a 8.33a 8.67ab 4.67a 5.00ab 7.00a 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% rteyabilit
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

AWAP 6WAP 8WAP 10WAP 4WAP 6WAP 8WAP 10WAP
T1 10.33a 18.67a 27.57a 32.67d 20.83a | 30.33ab | 36.00c 40.33d
T2 10.00a 22.78a 31.57a | 49.33ab | 23.33a 39.33a 59.33a 67.33a
T3 10.50a 22.00a 29.23a 49.67a 19.50a | 30.67ab | 46.33abc| 65.33a
T4 11.17a 22.33a 33.00a | 48.33ab | 22.03a | 30.67ab | 44.33abc| 62.67ab
T5 11.33a 23.23a 33.90a 51.00a 20.27a | 30.67ab | 45.33abc| 58.33abc
T6 10.00a 22.00a 31.67a | 47.67ab | 18.00a | 31.67ab | 51.00abc| 60.67ab
T7 9.50a 20.67a 29.67a | 47.67ab | 22.50a | 33.33ab | 51.67ab | 61.33ab
T8 10.17a 22.44a 30.44a | 45.67abc| 20.50a | 30.00ab | 40.00bc | 54.00bc
T9 10.17a 20.33a 30.23a | 47.67ab | 20.50a | 32.33ab | 50.67abc| 59.67ab
T10 10.50a 21.77a 29.57a | 42.00bc | 19.83a | 30.00ab | 41.00bc | 48.33cd
T11 10.00a 21.00a 28.57a 39.67c 18.00a 29.00b | 42.00bc | 48.33cd

NS NS NS NS

Means followed by the same letter(s) along shene 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| Yield No of fruit/plt | Mean  Fruit| Yield
Weight(g) (Kg/Ha) Weight(g) (Kg/Ha)

T1 1.67b 16.87c 563.4d 2.00d 13.80g 552.0f
T2 3.33a 31.04a 2,067.3ab 4.00a 48.69a 3,895.2ab
T3 3.67a 32.01a 2,349.6a 4.00a 51.76a 4,140.8a
T4 3.67a 30.99a 2,274.7a 4.00a 40.52b 3,241.6b
T5 2.33ab 22.97bc 1,070.4cd 3.33abc 29.57cde 1,969.4d
T6 2.33ab 22.82bc 1,063.4cd 2.67bcd 24.99def 1,334.5e
T7 3.00ab 24.75ab 1,485.0c 3.67ab 29.96cde 2,199.1cd
T8 3.67a 29.24ab 2,146.3ab 3.67ab 32.62bcd 2,394.3c
T9 3.33a 28.95ab 1,928.1b 3.67ab 33.74bc 2,476.6¢
T10 3.00ab 26.88ab 1,612.8bc 2.67bcd 22.34ef 1,193.0ef
T11 3.00ab 22.34bc 1,340.4c 2.33dc 20.67fg 963.3ef

Means followed by the same letter(s) along the same column are not stitigiféarent 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| Initial nematoq Final nematog Mean Root| Initial nematoq Final nematod

Gallndex | (o5 | (zoomisoy | S1M9e% | Gzomisoiy | (o0 sof)
T1 4.00c 1,001 2,175d 3.33c 980 1,500c
T2 2.67bc 987 1,750bc 2.33bc 975 1,320bc
T3 2.00b 996 1,770bc 2.00b 950 1,250b
T4 3.67c 1,005 1,925c¢c 1.67a 910 1,170a
T5 2.67bc 980 1,755bc 2.33bc 965 1,300bc
T6 2.67bc 991 1,700b 2.33bc 950 1,310bc
T7 1.67a 970 1,552a 3.00c 980 1,250b
T8 2.67bc 1,001 1,760bc 1.67a 900 1,180a
T9 2.33b 990 1,600a 1.67a 895 1,150a
T10 2.33b 1,004 1,650ab 2.00b 915 1,200b
T11 2.67bc 997 1,720bc 2.00b 940 1,155a

Means followed by the same letter(s) along the same column are not statistically different at 5% probability leve
according to Duncan Multiple Range Tests (DMRT). NS: Not significant at 5% probability level.

CONCLUSIONS leaves, stem as well as shoot dry weight.
Similar result was reported by [10] thdtet
The addition of the different fertilizer types growth parameters such as plant height and
gave a significant increase in the height anchumber of leaves showed increasing response
number of leaves of okra plants as compareih pepper when treated with two levels of
with the untreated control. This work agrees nitrogen, phosphorus and potassiuml155l5

[5] who reported that application of organic fertilizer (NPK) (0 and 250 kg. kY, five
manure gave vigorous development in planievels of organo mineral fertilizer9,(2, 3, 4
which is indicated in plant length, number of and 5 t. h&) and their various combinations.
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Abstract

The study determined and assessed the push and pull factors influencing participation ofimpéepléarming
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 validatedand 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 marriedhaiousehold size of 63 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 theluded 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, with a growth of about 29% in 2006

alone, and with prospects of continued growth.
Nigeria being an agrarian society has grealhis is because demand for fish is on the
empl oyment potent i alincrehse tine with gopulath qrowth, whild s
teeming population in fish farming due to catches from fisheries are on the decline, even
friendly and fish farming sustainable globally [9]. Nigeria as the second largest
environment. But despite these outstandingaquaculture producer in Africa only produced
potentials (which ranges from fish breeding,200,535 tonnes in 2010 [11]. There is huge gap
fish production, processing and marketing ofbetween demand and production of fish in
fish and fish products), there are quite a largeNigeria, the gp was 0.22 million tonnes in
number of unemployed individuals who do not2012 [11]. In 2010 alone, for instance,
see fish farming enterprise as a worthwhileNi ger i ad6s fi sh demand s
means of livelihood. Fish farming is uniquely metric tons, and the country had to spend 100
placed to reverse the dechg supplies from billion naira on fish importation annually [18].
captured fisheries and the activity has notablédowever, [8] reported reasons for slow growth
potentials for new livelihood opportunities, in fish production in African countries as
providing the mechanism for lower priced fish, including; technical problems such as poor
enhanced nutritional security and employmenipecies, inadequate finance for fish farming,
for poor communities by servicing urban input and political and or economic instability.
markets [15]. However, there are factors Some of these reasons may push individuals
attracting (pull) and repelling (push) from this away from fish farming. Movemeim and out
enterprise. [3] reported that despite the wideof fish farming is very dynamic and the rate at
acceptance of fish farming as an incomewhich individuals are pulled and pushed from
generating activity in Nigeria, its contributions fish farming are part of an adjustment and
to total domestic fish production has maten restructuring in the farming industry which
very encouragingToday, aquaculture is the operates with different intensities at different
fastest growing livestock production sector intimes dependingon a combination of
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exogenous and endogenous pressures [7]. Thase the pull and push factors influencing fish
distinctive pattern would rather likely depend farming?
on both the push and pull factors. Objectives ofthe study
Nigeria is one of the largest importers of fish (i) describe the socieconomic characteristics
with a per capita consumption of 7.52 kg and af the fish farmers in Osun State; and
total consumfpon of 1.2million metric tonnes (i) examine the push and pull factors
with imports making up about 2/3 of the total influencing participation in fish farming.
consumptionAquaculture, the rearing of fish
and other aquatic organisms, has highnMATERIALS AND METHODS
prospects in Nigeria. With a projected
population of 139.1 million people in 2007, the Study area
fish demand is estimated at 1.06 metric tonnesThis study was carried out in Osun Stafe
while supply stands at 0.81 metric tonnesNigeria. It is located in the South western
leaving a deficit of 0.25 metric tonnes [10]. region of the country and lies within
However, local fish production has been belowcoordinates B 0 NjRB,0 N{E . The mean
consumption with imports accounting for temperature ranges between 2.2in the
about US$18.8million (N7.8 billion) in 2002  month of June and 390 in December. The
[6]. The development of the fish industry will rainfall ranges between , 420 mm in the
increase local production of fish and save muchainforest belt to 1133mm in the savanna. The
of the foreign exchange being used for fishvegetation allows for agricultural production
importation. Specifically, fish farming has a which provides an enabling environment for
special role of ensuring food security,t h e i nhabitantso maj or
alleviating poverty andprovision of animal includes various agricultural activities. They
protein.Less than 50% of the total annual fish are also involved in some ndarm activities.
consumed by Nigerians are produced locallyTarget population, sampling procedure and
There is, therefore, the need not only tosample size.
maxi mi ze t he expl oi tFesh farmers ino(dsun Stdtee wera thd ¢g@to n 6 s
fishery resources but to concentrate more omopulation for this study. A multistage and
the developmentf aquaculture which has the proportionate sampling procedure was adopted
greatest potential to increase fish productiorfor the sample selection. At the first stage,
for local consumption and export. Despite20per cet of the LGAs in each zone were
these opportunities, some individuals still selected. This was followed by proportionate
abandon their fish farms for other enterprisesselection of six LGAs from the zones. Four
The question is, what are the factors pushingommunities prominent with fish farming were
people away from this resource filled purposively selected from each LGA. Finally,
enterprise? What pulled them into it initially? systematic sampling technique was used to
Some researchers have been able to establisekect ten fish farmers from the list of fish
the prospects and challenges of fish farming agarmers from each selected community. A total
well as its profitability as an economic activity, of 240 fish farmers were selected and
such include; [4], [5]ard [13]. Reports from interviewed for the study.
literature contain abundant information on fishReliable and thoroughly validated interview
farming with little emphasis on push and pull schedule was adopted for the study. Data
factors influencing pcellected everd dpribedt witlt impamtando n i n
enterprise, hence the need for this study. In thetandard deviation whiléactor analyses and
light of the above, the study providesasr to  regression were used to make inference.
the following research questions: What are theMeasurement of variables
sociceconomic characteristics of fish farmers?There are two major variables, dependent and
Why do people participate in fish farming? the independent variables. Dependent variable
Why do people abandon fish farming? Whaiwas participation. This was meaed on a five
point Likert type of scale. This was scored

18



Scienffic Papers SeriesManagement, Econanic Engineering in Agriculture and Rural Development

Vol. 17,Issue3, 2017
PRINT ISSN 22847995, EISSN 22853952

from 07 4 and a participation index was with high correlation were considered where
generated which was used to run against othesnly nine of the thirteen listed variables had

independent variables.

a binary scale of yes or no or directuigs

their Eigen values above one.
Independent variables were measured either on

Table 1 Distribution of respondents by some selected

given by the respondents were used as in cadisrsonal and socieconomic characteristics

. Variables Frequency | Percentage | Mean Standar
of age, number of years spent in formal d
education, number of extension contact among Deviatio
others. All the variables were subjected t0age :
varimax rotation to generate factor which werg < 30 15 6.3
later regressed to show thdrettion and | 31740 35 14.5
magnitude of the factors. 411 50 100 41.7
517 60 76 31.7
61i 70 12 5.0
RESULTS AND DISCUSSIONS >70 5 08 280 9
Religion
Sociceconomics characteristics Islam 125 52.1
Results in Table 1 show that majority (83.4%)| Christian 115 47.9
of the respondents were middle aged-1 | M
years) and still in their productive years in fish| married 226 94.2
farming. The meaage of the respondents was| widowed 3 1.3
48+9 years. This result shows that a higher Single 11 4.5
proportion (83.3%) of the respondents werg Housenold
male. Also that a little more than half (52.1%)[ 174 59 24.6
were Muslim and the remaining 47.9 per cent 51 8 134 55.8
were Christian. Majority (94.2%) of the | 29712 35 14.6
responderst were married with only 4.6 per | 13'1° 6 2.5
cent being single and the remaining 1.2 pe ;fcaﬂon 6 25 64 3.3
cent was widowed. The mean household sizestatus
was 6+3. Findings showed that fish farmers in g‘gucforma' 10 4.2
the study area were highly educated. This primary
might be due to the technical kndww g‘l‘égn dary 60 25
involved and high technicality required of fish | educ. 82 34.2
farming. This finding corroborates that of [16] zg[ff:ary 88 36.7

[13] and [14]. Source: Field survey, 2015.

Factors i peopl ebs participation i
fish farming. The factor name ascribe to each group of
The factors influencing participation is further variance was given based on the following
divided into push and pull factors to show criteria as used by [12], [17]:

those factors that are attracting farmers and i ) The r esearcher 6s
those that are repelling them from fish farmingexperience from literature.

enterprise. (iPicking synonyms ofthe highest loading
In an attempt to categorize the variousvariable on each factor

variabl es infl uenci ndiRetainng themde basadoh thecsimpasaty i 0 n
fish farming, factor and component analysisof the features of the variables contributing to

were used to isolatehe crucial factors each other.

influencing participation in fish farming. Results in Table 3 show the names of the nine

The relevant variables were inteorrelated factor groups extracted as follows: Facter 1

and ran with varimax factor rotation pattern toEconomic &ctor which accounted for 14.49
produce uncorrelated factors. per cent, factor 2 Information factor which

Results showed the varimax rotation with theaccounted for 12.71 per cent, factoi 3
variables and the coredion values. Variables Farming type factor which accounted for 10.76
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per cent, factor 4i Personal characteristics Maintenance cost factor which accounted for
factor which accounted for 7.61per cent, factor4.24 per cent, factor 8 Accessibility factor
571 Family related factor which accounted for which accounted for 3.57 per cemtd Factor 9
6.78 per cent, factor-80utput factor which TManagement practices factor which
accounted for 5.65per cent, factor 77  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 educatio .687 .450
Number of catfish rearin -.663 .348
practiced
Type of fish rearing -.663 .348
practiced
Cosmopoliteness 576 -.518 1
Organization membershi| .399 .549 .347
Source of information 412 547 .363 .455
Total income from fish .835
farming
Distance from residenc| .367 317 -.381
to fish farming
Distance from farm tg .360 324 -.322 .363
market
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 seed{ .783
stocked
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 ofPush and pull factors influencing
the variance of the dependent variable. This iparticipation in fish farming.
encouragaig and shows that the variablesResults in Table 4 show ¢hregression co
pulled together accounted for a goodefficient of push and pull factors influencing
percentage of the factors influencing participation in fish farming. The regression
participation of fish farmers in fish farming model summary showed that all the crucial
enterprise. factors isolated were highly correlated (R=
0.886) with participation in fish farming. The
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R2 = (0.784) &ows that 78.4 per cent of the Factor 3 (Fish farm related characteristics
factors isolated were associated withfactor): This factor was also negatively
participation of farmers in fish farming. The significant (b =-2.731; p < 0.05). This factor
remaining 21.6 per cent were responsible foincluded location of fish farm, as well as size
the uninvestigated factors not isolated in theof pond. This shows that this factor might push
study. away farmers from participating in fish
farming when not appropriate. When the
Table 3. Table showing t_he factor namémen values  |gcation of fish farm was not favourable in
and percentage contribution terms of availability of water, when the size of

Factor Names Eigen Percentage | Cumulativ . . . . g
s value Contribut ® oontag the pond is not big enough this might not yield
_ e expected returns thus push farmers away from
> o = participating in fish farming. Also the type of
. El:rtr?]ring . T R stockmg pr_actlced whempt properly glone will
' ' ' negatively influence their participation.

* Personal 2361 | 7.617 ] 45585 Factor 4 (Personal characteristics factor): This

5. Famiy related|  2.103 6785 | 52.369 factor was positive and significantly related (b

6. Output factor 1751 5650 58.001 = 0.054; p < 0.05). This showed that the more

7. Maintenance cos  1.315 4.243 | 62.262 favourable the personal characteristics of a

& pocessibilly 1109 | 3578 | 65840 farmer, the more his or her participation in fish

o g”rggggggnem 1.095 3.532 69.372 farming. Personal characteristics in this case
Source: Derived from theesults of factor analysis, included age, household size and attitude of
2015. farmers. This factor might likely pull farmers

_ N to participate in fish farming.
Factor 1 (Economic factor) was positively andgactor 5 (Family related factor): Ehfactor
significantly correlated with participation (b = showed a negative significant relationship (b =
0.076; p< 0.02). This shows that this factor.j 214; p < 0.02). This showed that the factor
might likely pull farmers to participate in fish mignt likely push farmers away from
farming. Economic factor includeincome participating in fish farming. Family related
from total production in fish farming as well as tactor included size of household. If the
low cost on labour, input and other expenseshousehold size continues toincrease,
The more the income, low cost on labour andsmalliholder fish farmers might not be able to
low input cost, the more the farmers aremeet the family needs. Thus, reduces
attracted or pulled into fish farming. participation in fish farming.
Factor 2 (Information factr This factor was  Factor 6 (Educational factor): This factor was
negatively significant to participation in fish pegative and significantly related to
farming. Information factor in this case may participation in fish farming (b =1.997; p <
push farmers away from participating in fish g 05). This factor might likely push farmers
farming. This might be ftrue because theaway from fish farming. This might be true
extension agents who were supposed tgecause the more educated a farmer is, the
disseminate ~ the  right technological more the tendency for him or her to have
information to the fish farmers were very few gnother occupation, thus practicing fish
in number in the State. Information is Very farming on part time bases. This mightchee
essential for success in fish farming as stategy hjs engagement in other occupational
by [3]. Fish farmers might receive information activities which would yield better income.
from friends and neighbours, different High education of the respondents might
organisations etcThese pieces of information account for the percentage practicing part time
might not be very correct and might lead tofigh farming.
reduced productivity when put into practice. Factor 7 (Maintenance cost factor): This factor
This might discourage some farmers, therebyyas positively sigificant to participation in
reducing their level of participation. 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 farmingmanagement practices since extension agents

maintenance cost was very low, thus increasingvere few thus continued to have reduced

income for farmers. On the other hand, & th productivity which might discourage fish

cost of maintenance of the fish farm was highfarmers from the enterprise, as a result be

it might cause farmers to be pushed away fronpushed away from production.

fish farming. However, scholars had reportedThe findings revealed that only three factors

that fish farmers were using their family (Economic, personal characteristics and

members as labour on the farm, therebymaintenance cost) were pull factors while six

reducing cost of maintaining fisradims [1]; factors (hformation, fish farm characteristics,

[3]; [14] and [2]. family related, educational, accessibility and
management practices related) were push

Table 4. Showing the regression analysis of the isolatedactors. This implies that there were more push

factors to identify push and pull factors influencing factors than the pull factors; If this scenario
participation in fish farming

Factors Unstandardized | Standardized | Significant Shou'd continue, the futur_e of mgarmlr_]g I_S
coefficient (B) | coefficient (b) | coeficient bleak in Osun State in particular and Nigeria as

Constant 73.336 0.009 a whole.

Factor 1 2.427 0.076 0.020

Factor 2 -20.287 -1.169 0.005

Factor 3 -40.365 -2.731 0.040 CONCLUSIONS

Factor 4 1.137 0.054 0.032

Ezggg :gj-;‘g}l j-g;‘?‘ 8'8%2 In conclusion, fish farming which is believed

Factor 7 5097 0.058 0.035 to be a highly productive venture has both push

Factor 8 -17.151 -0.285 0.051 and pulls factors which are agitating against its

Factor 9 -81.299 -1.970 0.060 success. However, the pufdttors are more

R =0.886; R2 = 0.784; Adjusted’R 0.138 . than the pull factors in Osun State which is an
Source: Computed from results of factor analysis, 2015, . .. .
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 futurel an

dpore foreign exchange would be spent to

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/h t fish for th |

farms, the fishes may not be fed well and'MPOr ,:rs] ort gpopu a(I:ted the followi

routine management practices may also suffe _rom 'Sd f.u y resuite € fToflowing

This may lead to low production, thus serve adecommendations. -

a push factor that might discourage ﬁsh-Cost of input in fisheries should be subsidised
: by the government.

farming thereby become a push factor. ) .

Factor 9 (Management practices relateo|-More fishery extension agents should be

C Thi - . recruited to trairfarmers on a regular basis.
]EECt:O_ri' g;l;h(;s :)azt(())rlv)va_?_hrilse ?2 t;ell%;; glgl\ilgla Q]E -Fish farming should be made attractive to the

significance. Since this factor was negativelyyOUI.h. n or_der to improve the number of
participants in the enterprise.

correlated, it might serve as a push faftom The push and pull factors should be

participating in fish farming. [3] reported that . .
since fish farmer extension agents were few oﬁgﬁfﬁrzzgswmn planning programmes for the

the field, many farmers resulted to trial and
error management practices which might no
be favourable to production. When IREFERENCES
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Abstract

This paper analyzed the plantamlue 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 segmenteo¥dtue chain. One hundred and seventy seven respondents were
selected using mulstaged sampling technique and interviewed using structured questionnaire, informal interview
and observation techniques to obtain the primary used. This was analyzeduasitignfal 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 areanpat suppliers, farmers, processors, markgteonsumers,
transporters, cooperative societies and farmers associafiois. 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 setor. 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 pagttention 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.

Keywords actors, segments, Plantain, value chain

INTRODUCTION producers or processors, but the higher the
amount and quality of the traded goods the
Kaplinsky and Mors (2002) defined the value higher are the requirements about marketing.
chain as fAthe full r alhedast stagk is eoosumption of ia gosd. Evenh i ¢
required to bring a product or service fromthough the consumer does neither participate in
conception, through the different phases othe poduction process nor add value to the
production (involving a combination of product, he is part of the chain as in most cases
physical transformation and the input ofthe consumer is the driving power of the whole
various pralucer services), to delivery to final process. Therefore consumer demand is the
consumer s, and f i nal dermisipgofactarlfor the Kind, ramound and . A
shown in figure 1, he value chain can quality of a product. [11]
generally be separated into five stages: inpuPlantans (Musa acuminatpis an important
supply, primary production, processing, food crop in the humid forest and rrédtitude
marketing and consumption. On every stagezones of susaharan Africa. Plantain is one of
one b several different actors can be found.the major staple food in Nigeria, it had the
The input supply considers everything from thehighest percentage increase in output over
seeds to the technical equipment that is needggears 1999 to 2003implying the exstence of
for the production of the concerned product.market potential and increase production in the
The primary production meaning all activities country. Plantain has become a key source of
(sawing, fertilizing, and h&esting) needed to revenue as they are not only traded within the
produce raw material like grain or vegetablescountry, but also exported to other continents
follows input supply. The next stage in theincluding Europe. The status change from food
process is trade and marketing. The processdd food/castcrop enhances its importance [9].
products have to be transferred to the places dh terms of gross value of production, plantain
demand and distributed and sold thereis one of the most important fruits in
Marketing can be done directly by the developing world [1]. Plantain vyields,
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however, have been seriously declining,families in the country. Production needs to be
threatening food security and the livelihoods ofintensified to realize valuadded chains, while
millions of subsistence farmers and theirsustaining the natural resource base.

Fig. 1.Five stages of a value chain
Source: [1

From time immemorial, agricultura linkages of plantain plantation would ensur
development in Nigeria has always beensteady supply of plantain fruits which would
hampered by lack of efficient and viable agro further stimulate the establishment of plantain
processing and storage facilities resulting intgprocessing industries. This would open
postharvest losses, particularly in the plantainopportunities for businessmen in marketing
value chain. The annual pdsarvest losses plantain products. These activities result in
recorded by the Nigerianafmers constitute new commercial ventures transkagiinto other
greater threat to food security, sceiconomic new demand and savings which are the key
living conditions of the populace and by factors in economic growth [5].

extension sustainable growth and development

of the Nigerian economy especially in the faceMATERIALS AND METHODS

of the global financial crisis bedevilling

national econmies. Postharvest losses have The study area is Ondo State. Ondo State is
been a constraining factor in plantainlocated in the Soutivestern Zone of
production such that increase in yield broughtNigeria. The State lies between longitudes
about by advances in technologies through®30! and @ East ofthe Greenwich Meridian,
research did not make any significant impacts® 45' and & 15' North of the Equatof12].

on the economy of small scale farmérkis is  The respondents for this study were various
why analysis and strengthening of the categories of actors in the plantain value chain.
agricultural value chain become imperative. A multi-staged sampling technique was used to
Analysis of the plantain value chain in Nigeria, select these respondents frosix villages

as contained in this paper, looks at the wholevhich were purposively selected due to the
process of effective utilization of resources inprevalence of plantain production. They are
the plantain value chain to crea competitive Ogbese (Akure North), Akponmu (Akure
advantage that would provide a lower cost andouth), Idanre (Idanre), Laje (Ondo west),
higher profit. This study is important because,Odigbo (Odigbo) and Ode Irele (Irele)
as opined by Sanus i respeeti@ely.lSpven fariners viete selected frore
addition (in the plantain value chain), post each ofthese communities, making a total of
harvest losses will be reduced to the bares#2 farmers in all.

minimum, farmergsan earn more income from Also, six major commercial nerve centers were
their endeavor and food security can be bettepurposively selected. They are Akure, Ondo,
enhanced as it removes the effect of seasonaliwo, lkare, Okitipupa and Ore. One input
in the food supply c supplier, 5aprotesgons, oSnoorisieners xarqu olr t 0 .
There is no doubt that backward and forwardexporter each were int@ewed from each
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local government giving a total of 5 input identified. [4]. The functional analysis table
suppliers, 30 processors, 30 consumers and ghowsthe principal functias in the chain, the
exporters. Furthermore, three major produceagents, (or aspects of agents) carrying out these
market where plantain is predominantly soldfunctions and the principal product of the chain
were selected namely, Ogbese, Emllgeand  (the various forms into which it is transformed
Owena Markets respgvely. Fifteen (15) throughout the chain).

marketers were interviewed from each of the

produce market making a total of 45 marketerlRESULTS AND DISCUSSIONS
interviewed.Primary data were collected with

the aid of wellstructured questionnaire, There were several actors in the ptantvalue
interview format and observations. Secondarychain in Ondo State, Nigeria. The various
data were allected from the Ministry of segments and actors are discussed below.
Agriculture, Ministry of Commerce and Input Supply Segment

Industry, Agric Input Supply Agency (AISA) The input suppliers in the plantain value chain
and from the internet. Functional analysiswere involved in the lease and sale of farm
using descriptive statistical tools such as tablegnpachineries and implements, fertilizers,
charts and percentages were used to analygesticides, herbicides and fungicides to the
data ollected. Functional analysis was used toplantain farmer. They also met the training
identify, upstream, the principal providers of needs of plantain farmers in the State in terms
inputs and services which feed into productionof the use of appropriate agrochemicals and
The roles and functions of these agents weranproved suckers varieties.

AGRICULTURAL INPUT AGROCHEMICALS
FARM CENTERS
SUPPLY AGENCY (AISA) ]—[ AND FERTILIZERS

A

AGROCHEMICALS AND ]—P RETAIL SHOPS R

AGROCHEMICALS AND ]—} WHOLESALE SHOPS

AGROCHEMICALS AND

FERTILIZERS

(
L

INDEPENDENT MARKERERS

A
FARMERS

[

»

Fig. 2.Valuechaindiagramshowing activities in thenput segment of the plantain value chain

Agrochemicals were either supplied by Farmers rather procured suckers from existing
wholesalers and retailers in the open market darms. Information delivery from research
the prevailing market rate or by the Stateinstitutes to farmers was very poor and at its
Government through the Agricultural Input lowest ebb as private individuals involved in
Supply Company (AISC), which has its kbea input supply saw it as a profit making business
of fice in Akur e, t h e an8 thagowihent aoma(pl$C) adddled With e
supplied these inputs at prices subsidized by 4this responsibility was short of funds for
- 50% but faced the challenge of inadequateperation.

supply due to lack of finance. Except for The map of this segment of the value chain is
individual efforts by few farmers, sucker shown in Fig.2.

multiplication was not donein the state. Production Segment
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Farmers carried out land preparation forpotentials, in terms of climate and soil texture,
planting of the suckers, farm maintenance andor the production of this crop. Results also
maragement and harvesting of the plantainshowed that 50.0 % of farmers had their houses
bunches when they matured. They were alsérom 6km and above away from the farm.
involved in processing (for sale and householdProximity of farm to market lessened the cost
consumption) and marketing of of transportation and losses through
plantain.Although both men and womeninappropriate loading in the bus while long
produced plantain in Ondo State, the enterprisdistance resulted in product loss, low profit and
was highly m&e i dominated as 98.0% of the value added.

pooled farmers was made up of men. SimilarlyRespondents who cultivated plantains for the
bulk (93.0%) of the farmers was married. Thisdual purpose of consumpti@nd sale had the
probably suggested that family labour was arlargest proportion (83.3%) of the pooled
important input in the enterprise. Thirty one farmers as well as the highest hectarage of 80.5
(31.0%) per cent of the farmers had se@gd ha.

education while 29.0% had tertiary education.On the other hand, farmers who cultivated the
Farmers with tertiary education took to crop for consumption purpose alone were
plantain farming after schooling as a means tdewest (2.4%) and operated an almost
make ends meet while they searched for othemegligible hectaragef 0.8ha. it is interesting
better paying white collar jobs. Those withto observe that although the farmer who
secondary education were olderen who planted plantain solely for commercial purpose
either farmed as their major occupation andaccounted for approximately 14.0% of total
other sources of income to support it. Thisrespondents, they operated a land area of
generation of older men would soon pass onapproximately 35 ha. This indicated that
leaving the younger generation who only sawcommercializatn of crop production made
farming as a last resort and as a way to makthe farmers have relatively large farm sizes.
ends meet rather thanasusiness and gainful About sixty percent (59.5%) of the farmers

means of employment. interviewed sold suckers to other farmers
Results showed that 26.2% of respondents haelither in bits or as a business. 40.5% of the
their farm sizes between 0.5 to 0.99 hectared. ar mer s i nterviewed di dn¢

Mean land area cultivated per farmer was 2.8kither gave them out as gifts or used it to
ha. This revealed that land area cultivated irexpand their farms. The sale of suckers was
plantain production in Ond&tate was still also an additional source of income for the
low. The cocoa/plantain intercrop and the busif ar mer & s family. Source
plantain farming systems was practiced byimportant determinant of the size of farm
45.0% of farmers interviewed respectively. holdings and whether the farm was subsistence
About thirty five (34.97) hectares of the total or commercial. Result showed that 76.1% of
land area cultivated was under the plantain the farmers interviewed farm with their own
cocoa interap system while 74.05 hectares capital alone. This further explained the
was cultivated under the bush plantain farmingsubsistent nature of plantain farming in Ondo
system. The farm sizes and production systemstate. Inadequate access to credit, high interest
of plantain farmers in Ondo State had a lot torate and fragmentation of farnmoldings

say about the attitude of farmers to plantainaccounted for this. Also, 76% of the farmers
farming and the reason for the obsened  interviewed had no access to formal credit at
yield in plantain farms across the State. Theall while only 23.8% have access to formal
implication of this was that there was no focuscredit for plantain farming. The reason
on the cultivation of plantain as a cash cropattributed to this by some of the farmers was
with great export value. Plantain was onlyt hat t he f aichih@mnséneneywtmn i o n,
cultivated at subsistence level or at best tats members and liaise with the government to
generate income for ¢h f ar me r 0 snakefcradihavhilgble to its members, no longer
notwithstanding the fact that the state had greagxisted. Also, because farmers did not have the
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required collateral security, it was extremely
difficult, if not impossible, to gt loans from

commercial banks.
)
(T T TR , mmmmmm
, INPUT foeeee :I agrochemicals, Lo FARMERS PRESH FARMER'S WIVES
| SUPPLY i ferilicer | - PLANTAIN

— 1

]

fresh plantain

Fresh plantain bunches plantain

flour. plantain chip etc.

capital
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Fig.3.Valuec hai n showing activities in the farmeros seg

Processing Segment was often sliced in round flat or diced, fried at
Processors were involved majorly in addingdesignated factoriesand packaged in 80g
form value to plantain by transforming it into packets or packaged in a bigger pack of four
various products. Majority of tilse processors dozens of 8@ each. It was then distributed by
(80.0%) were fried plantain chips processorsthe processors (to various parts of the state or
This was because plantain chips is a majoby various other distributors) or wholesalers
snack consumed and there was high demando markets and supermarkets). Peeling of
for it. Small scale processors of plantainplantan was manual with hired labour while
processed between'/ito 4 (four) bunches frying and packaging was partly manual and
every day. Processing wadten manual and industrial.

plantain was sourced from their own farm,Small scale processing of plantain into dried
neighbouring farms or from neighbourhood chips and subsequently plantain flour was done
markets. Other sources of income for smallbby consumers and farmers, either for
scale processors were farming and sale ofiousehold consumption to avoidasie of
provisions. Seasonality in plantain supply andunsold harvest. However, the commercial
the consequent rise iprice during the off nerve center for large scale industrial
season had great impact on several small scafgocessing of plantain into dry chips and
processors survival and their stay in the valuesubsequent packaging in flour form was the
chain. Large scale processors of plantain chipState capital, Akure. Small scale processors of
processed between #050 bunches of plantain plantain flour processed one or twonches
every day. They visited local produce marketsnto flour as the need arose but large scale
or made arrangement with farmers such thaprocessors had a daily plant capacity ofi45
they harvested on the days they had beeifi pre1l00 bunches of plantain. Plantain flour was
informed of their coming to purchase plantain.packed after processing into 1 and 2 kg bags
Plantain chips made by large scale processomnd delivered to sales outlets. The skilled
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labour force of largecale processors ranged depending on the season. During the dry
from 1-3 while the unskilled labour could be 4 season (when plantain was scarce, expensive
or more. Seasonality of plantain during theand gave way to roasted corn and yam
year affected the price of plantain flour asrespectively at the onset of their seasons), price
scarcity caused an increase in its price whileof roasted plantain increased for some
the rainy season reduced demand such thgirocessors, while for others the business
more efort had to be put into advertisement. stopped. Size of labour force at most was two
Roasted Pl ant ai n Bolip, gpwtessorlaryd a kamity member o hdip) and
is a common snack made from plantain andhe business was often accompanied with the
consumed all. It is a small scale processingale of fried groundnut, which a common
business where an average éfAbunches, of accompaniment for roasted plantain.

varying sizes , was processed every ,day

vegetable oil, salt etc.
| openwaRkeT Roasted Planain |
v

@_[ Plantain Chips, Plantain Flou]—[ supermarkets, retail shops]_
PROCESSORS
v > CONSUMER <«
[ Wholesalers, Major Distributors]

4[ supermarkets. retail shons]

N )
» HAWKER

4>[ FARMERGS WI VES, S MA L]—[ Plantain flour. plantain Chios]i

Fig 4. Processor 6saluseghgmment of t he pl antain

Marketing Segment (62.5) per cenbf the marketers interviewed
Fifty five (55) per cent of the marketers sold fresh plantain. This high percentage might
interviewed were retailers of plantain and itshave been due to the fact that fresh plantain
products. There was high concentration ofwas readily available much more than any
marketers as the product moved from theother product and required no huge capital base
processor to the final consumers. Wholesalersompared to processing or because it ctweld
and mgor distributors of fresh plantain got sold in its ripe and unripe form as desired by
their supply directly from the farmers or from the consumers. In produce markets, plantain
produce markets on various market days whilehips (dried) and plantain flour was often sold
wholesalers or major distributors of plantainalongside fresh plantain as wholesalers and
chips and flour got their supply directly from retailers sought to avoid loss from incomplete
the processors. Wholesalers oésh plantain sale of produce.

sold in dozens of bunches while the retailers oiThe wse of family labour was not common in
the roadside marketers who served as the finaharketing of plantain and its products as only
link to the consumer sold in bunches or in30.0% used family labour at all. Often
group of disjointed sticks of plantain which marketers of plantain and its products hired

sold for N100 andMN 200. About sixty three labour they needed. The use of family labour
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was common with road side marketers, whoalso preferred to buy directly from processors,
are small scale producers and marketers oés this increased their profit margin. Most
plantain chips and roasted plantain. Fifty (50)(85%) marketers sold within the state,
percent of marketers preferred to purchase thespecially within their towns and local
fresh plantain and plantain flour they sold fromgovernment areas. Only wholesalers and major
the produce markets and from farm settlementdistributors marketed across states of the
SO as to take advantagéthe lower price and nation such as Rivers, Kwara and the Federal
thus a higher profit margin. This was only Capital Territory.

possible for retailers and roadside marketer§he distribution of markets according to the
who had enough capital base in the business$tequency of marketing showed that 61.0% of
Road side marketers and retailer who could notespondents marketed every day. This was
afford to get fresh plantain from produce because in urban areas, there were more
markets ad farm settlements opted for markets that operated daily than in rural areas
wholesalers in the neighbourhood marketswhere marketing was done every five days.
These made less margin than other marketers.

Mar keters of pl abadai n chips (fried) and i

—[ Farmer & farmers Wives]—{ Wholesalers ]—»[ Road side marketers ]4—

A 4

Retailers ]: ( Fresh _ripe and unrip_e plantain,
L plantain flour, plantain chips

( Fresh ripe and unripe plantain,]
L plantain flour, plantain chips J

v
( Fresh ripe and unripe plantain,
Consumers L plantain flour, plargin chips

A

—

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

Most retailers of plantain marketed six days inOn season occurred whéhe rainy season had
a week or every day of the week. Peak and of§et out well. There was often a glut in the
peak seasons existed for all marketers ofupply of fresh plantain and a reduction in the
plantain and its products. Howevéhe timing  price of plantain flour. Plantain chips
and effect varied for each product. Freshmarketers often did not feel the effect of this
plantain and plantain flour marketers change in season. Rather, proximity to higher
experienced off season during the dry seasoimstitutions brought about seasonality in sales
and at the onset of the rainy season. This led tior plantain chips marketers. Several other
an increase in price and scarcity of the productfactors that caused seasonality in the sale of
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plantain and its products were the advent opaid dues yearly. Most of the fresh plantain
maize and yam season and muslim fastingnd plantain flour sellers also sold other farm

season. produce like fruits and vegetables, pepper,
Tax was often paid daily, mdmy or yearly maize etc. while plaain chips sale was
and most of the respondents interviewed usually accompanied with the sale of

belonged to trade unions to which they also provisions.

INPUT SUPPLY

FARMEROS ASBSNOCI
TRANSPORTER

y \ 4
FARMER - PROCESSOR _}»m

TRANSPORTER

CREDIT PROVIDERS

EXPORTER p! OUTSIDE THE STATE

ACTORS IN THE PLANTAIN VALUE CHAIN

PRODUCTS IN THE PLANTAIN VALUE CHAIN
EXPORT LINE

Fig 6. Overall plantain value chain in Ondo Stat

Consumers Segment marital status (whether single or married). The
Plantain and its products was an important foodrequency of consumption was however
in most of the families of respondents different for each individual. Plantain was
interviewed, whether male oerhale. It was eaten more often by families the rural areas
also an important snack for students andas a supplement for yam when yam is scarce.
individuals at all levels of education and Quantity = consumed by  respondents
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interviewed varied from 5 sticks per month to helped farmers movdantain from their farms

4 bunches per month, depending on the familyo the produce market each market day and also
size. Although other varieties were consumedhelped collectors of plantain who exported it to
the AAB group was mostlpreferred because other states. Seasonality of plantain affected
of its taste. Most consumers sourced plantaifrequency of plying routes to transport
and its products from the market, retail shopgplantain. During the on season some
and roadside marketers but some also hattansporterplied their route twice to transport
backyard farms of plantain. Seasonality oftenplantain while during the off season they only
affected the demand for plantain because of thplied it once.

increasen price and scarcity that marks the off Cost of transportation also increased during the

season on season as the quantity transported increased.
Other actors in the Plantain value chain Appendix figures 10a and 10b shows the
Transporters various means of ransportation used by

Transporters are an important part of theplantain transporters.
plantain value chain as they were found in eacffable 1 shows the functional analysis of all
segment of the plantain value chain. Theyactors in the plantain value chain.

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

S/n Principal Subdivisions Agents Principal pr oducts Utility or
functions value
added
1. Input supply | Distribution and Agric Input Supply Agency = Agrochemicals and fertilizers, simple | Place value
marketing, training = (AISA), Akure, farm centres = farm implements such as knapsack
of farmers (govt. owned) sprayer etc. (subsidizgd
Distribution and Independent input suppliers = Agrochemicals and fertilizers, simple
marketing and public shops farm implements such as knapsack
sprayer etc. (wsubsidized)
Lease Equipment dealers, state and Tractors ploughs, harrows etc.
local government.
2. On- farm Land preparation Hired labour or farm Plantation, plantain suckers and Form value
production machineries like tractors etc. bunches, sheaths, petioles and leaves
Planting Farmer, hired labour, male
members of f a
household
Maintenance / Farmers/ hired labour
management
Harvesting Farmers/ hired labour and
family | abour
and children)
3. Postharvest Transporting Transporters, processors, Fresh plain bunches, eitheligered to = Time, price
handling consumers. processors, consumers or marketers | and place
Marketing Wholesalers, retailers, value
roadside marKk
wives
Exporting Exporters / major distributors
4. Product Processing Plantain flour and chips Plantain flour, plantain chips, boiled = Form value
transformation processors (both industrial plantain, pl ant a
and small scale processors), roasted plantain
consumers, fa
small scale eatery, road side
marketers
5. Product Transporation Wholesalers, retailers, major Plantain flour, plantain chips, boiled = Time, price
trading - distributors, retail outletsanc pl ant ai n, pl ant a andplace
Marketing supermarkets, hawkers roasted plantain value
AEXpor t eri State Narketearsg r farmers and buy the plantain stock that they

Plantain as earlier said, was exported to othemmay have. In Ore and Akure, there are plantain
states of the federation by exporters who coméepots where these exporters gathered the
from these other states, after making previouplantain they have collected in heaps and got
arrangement with the various farmers. Theyfor either a bus or 9 11 truck to carrethto
made use of transporters to gather the plantaitheir destination. Each heap of plantain
from various farms where they meet the
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contained 18 22 dozens of plantain bunches. Supply Company, which has its heaitice in
Exporters also paid tax depending onthe loadA k ur e , the Statedbds capitz:
Farmers who had the means also exportethese inputs at about 4050.0% subsidized
plantain to other states to sell. Exporters camerice but faced the challenge of inadequate
from Lagos, Delta, AbujakKwara, Edo, Oyo supply due to | ack of f i
etc. segment, functional analysis revealed that
Credit Providers plantain productioms male dominated in Ondo
Credit providers are formal institutions who State and most plantain farmers are married.
offered credit to every segment of the plantainit was concluded that plantain farming is still
value chain. Credit institutions were not activelowly mechanised and processing has not been
in the plantain value chain. This was due to thdully developed to explore the various value
risky nature of farming igeneral and plantain addition options available in this sector. Mor
farming in particular. This might also be duevalue can still be added and more upgrading
thenlack of collateral and small businesscould still be done. More actors can also take
holdings. The only source of credit identified advantage of the prevalence of plantain in the
in one of the 6 local governments wherestate.
respondents were interviewed was a revolvingBased on the findings of this study, the
loan given to &rmers by the Agric following recommendations were made:
Development Bank (an international bank),(i)The government and privateesearch
through the government at 9% per annum. institutions should pay attention to the training
Farmer s Associ at i on needs ofthe farmers so as to properly harness
Farmer s associ at i on the advastage that tberstaty has aboveoothers i{ 1 )
local governments. They met twice amonth  the production of plantain;
and served as a medium to interact witld a (ii)Financial institutions and other avenues
train farmers on good agronomic practices. Nahrough which credit can kffered to farmers
attention was given to plantain farmersintermsand small scale processors should be
of their training needs. empowered and enlightened;
Cooperative Societies (iGovernment and  nogovernmental
Cooperative soci et i e erganizhtians sipould vemlohek upcnr the r 6 s
credit needs also existed sparingly. Difficulty commercialization of the processing and
in accessing credinade most farmers not to marketing segments of the plantain value chain
patronize them. and technolgical upgrading of the processing
segment.
CONCLUSIONS
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Abstract

The studyassessed utilization of soil management practices among arable crop fann@gsn State. Specifically,

it describel the socieeconomic characteristics of arable crop farmeidentified the soil management practices
(SMPs) prevailing in the study aredeterminlt he crop yield and r es pidentiiednt s 6
problems associated with their utilizatioA. multi-stage samplingorocedurewas used to select 110 farmers from
selectedsix functional fadama sitesn Ogun State Results showed that majorit92.7% and 79.1 %pf the
respondentsvere maleand married rapectivelywith mean age o87.5 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), zdéllade (mean = 2.25) and cover cropping (mean
2.25) were the mainly utilizeahile 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 ideasifilne major
constraints to usage tiie sustainable soil management practidege ¢ = 0.20); farming experiencé= 0.451) and

crop yield ¢ = 0.223 hadsignificantlyrelationshipwitht h e r e s ptilisatidneoffSMBs& he study conclude

that the level of use of soil management practicag direct effect on yield of crops and sustainability of soil used in
Ogun state, Nigeria.

Key words sustainability,yield, soil managemerygractices,arable crops

INTRODUCTION stony soils, saline ah poorly drained soils
[10]. This shows that the level of sustainability
Good soil management é&key to sustainable of land management practices in Africa.
farmingpractice. Generally, there is close link Sustainable land management has been defined
between good and profitable farming; as the use of appropriate soil management
improving/maintaining soil fertility and good practices that enables land users to maximize
environmental management. [18pined that the econort and social benefits from the land
what a farmer can achieve is highly dependenivhile maintaining or enhancing the ecological
on good soil margement and climate of the support functions of the land resources [10].
area. It is clear that good soil management carluman activities have either direct or indirect
drastically reduce the value of land foreffects on the sustainability of natural
agriculture and lead to environmental problemsesources like land, thereby threateniits
which invariably results into soil degradation continuous productivity. This consequently,
and this is termed unsustainable use of land. laffects agricultural production. Also, ever
has ascertained that abo@®,145 million increasing population in the developing
hectares out of 2,900 million hectares total lanctountries which result in continually rising of
area in Africa, 72% are problem soils with demand for agricultural produce is contributing
different production constraints (soil acidity, to the intensification ofand use and adoption
steeply sloping soils, low fertility, shallow and of technologies that would enhance constant
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supply of agricultural produce. Attempt by aims to promote options that make the best of
man to meet his food, wood and otherlocally available inputs, and that are tailored to
resources requirements have destroyed thsuit local agreecological conditions, and
biodiversity and in order to expand agriculturefarmers' resources and interests.

and forestry, ovecropping of some crops has The present soil fertility management practices
resulted more often, to adoption of appropriateat the farm level are not sustainable. Howeve
technologies and farm practices which furthet her e ar e possibilities
worsen sustainable land use among farmerdertility management practices, for instance, it
Loss of biodiversity, climate change and landis necessary to recommend soil and/or plant
degradation due to population pressure irtesting to adjust fertilizer and/or manure
devdoping countries, poverty and poor application rates to crops to reduce excessive
performance of extensive agriculture are suchutrient input, and @ adopt appropriate
factors that make farmers to have problems irdecision support systems for efficient and
sustainable production activities [19]. Soil is sustainable management of production
therefore managed in order to conservesesources. Many development projects and
agricultural land, biodiversity and food policies have collapsed because of the failure
security for the country. Sustaining soil fertility to understand local knowledge and how this
and food security cannot be separated. Innfluences the way farmgrmanage natural
addition, it is sometimes notethat some resources [20]. Less attention has been paid to
farmers have no or little knowledge about soilstudying and understanding how soil fertility is
management, hencehey abandon certain perceived and managed at farm level, and how
farmland when found unproductiveud to various physical, economic and scciatural
some factors which can be controlled providedactors interact. Hence, the need to study the
they are well equipped with knowledge on soilcurrent soil management practices crop
fertility. [13] opined that fi some of the farmersin Ogun State. The study thus, assessed
currently used soil management practices aréhe level of utilization of sustainable soil
continued, groundwater and food management practices among arable crop
contamination will increase and jeogere the farmers in Ogun State, Nigeria.

sustainability of the current land use systems Obijectives of the study

Sustaining soil fertility has become a major The main objective of the studyas to assess
issue for agricultural research and developmenthe soil management practices used by
in rural areas of Africa [22]. Sustaining soil vegetable farmers in Yewa WNorth Local
fertility is an essential component in achievingGovernment Area (LGA) of Ogun State. The
food and Ivelihood security for the present and specific objectives were to

future generationg11l]. In the past, most (1)describe soci@conomic characteristics of
research efforts focused on trials to determineespondents;

the appropriate amount and type of fertilizer(2)identify soil management practices
needed to obtain the best yields for particulaprevailing in study area;

soil types and specific agecobgical (3)determine the crop yield and level of
locations. This approach emphasized the use aftilisation of soil management practices; and
external inputs and expensive technologies(4)identify constraints associated with
and often disregarded farmers' knowledge anditilization of soil management practices in the
the resources at their disposal. Since therstudy area.

research has gradually shifted towards arHypotheses of the study

approach based on Integrdt Soil Fertility The hypotheses weeet in null form.
Management (ISFM), which combines variousHO:: There is no significant relationship
existing soil fertility management techniquesbetween utilization of soil management
with external inputs. This combination is basedpractices and socieconomic characteristics of
on a thorough scientific understanding of thethe respondents.

underlying biological processes of ISFM and
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HO.: There is no significant relationship The study was carried out Wfewa North LGA
between utilization of soil managementin the West ofOgun State, Nigeria, bordering
practicesand crop yield of the respondents  the Republic of Benin. Its headquarters is
Theoretical framework Ayetoro town at longitude 7°14'00"N and
The study was based on sustainability theoryatitude 3° 020" E in the nortkeast of the
by Scoones[21]. The theory assumed that Area. It has an area of 2,087knand a
sustainability could either be strong or weak. Apopulation of 81826 [15].The climate is sub

6strong sust ai nab ihunmidtrppical wifh arn averagetannsiat rdinfallt h e
preservation of ecosyste whi | e a of 1(P08e3@nim. It is located in the Derived
sustainabilityd di sr sayamadagro acplagical zonec Ayetdrd lieg a t |

to sustain any particular googractices.In  between 90 and 120 metres above -tazel.
terms of farmland, for example, a strong viewThe entire surface is made up of an undulating
might argue for protection, even if it requires surface drained mainly by Rori and Ayinbo
foregoing development that would increaseRivers. The landform is that of eroded
opportunites for future generations. pediment plain with wellncised valleys

A weak view would take into account the forming a trellis pattern. Thmajor occupation
variousimmediatebenefits of soil management among the inhabitants of the area is farming
practices without making attempt to measureparticularly arable crop farming.

the future value of those benefits against theSampling procedureand sample size

values created by development. Two stagesampling techniques were adopted
Development in thisregard is mainly in for the selection of respondents. YeW&A
economic gain (profit). comprises often (10) Fadama sitewhere

The two views loosely correspond to vegetables angrimarily grown. However, aly
ecocentric  (ecologically centered) andsix of thesesiteswere functional Purposively,
anthropocentric (humacentered) positions in the six (6) functional sites were selectétie
environmental ethics, but not perfectly. total number ofegisteredregetable farmers in
The ecocentric view requires that moraleach of the sitewas 90, 70, 110, 190, 40 and
decisims take into account the good of 50 respectively. Proportionate a&mpling
ecological integrity for its own sake, as procedure was used to sele2®0% of the
opposed to exclusively considering humanvegetable farmers in each of the functional
interests. Fadama siteto get 18, 14, 22, 38, 8 and 10,
In this case, farmers productivity may bethus a total of 110 farmers were sampled for the
paramount to them. But a strong sustainabilitystudy Quantitative dta were collected using
view could be held from an anthropoagmt well-structured and \i@ated interview
perspective by arguing that human systemschedule The data were summarized using
depend on rich biodiversity or that humandescriptive statistics such as frequency count,
dignity requires access to these naturapercentages, meaand standard deviation,
resources like soil. while ChiSquare and Correlation analyses
However, a weak view would not necessarilywere inferential statistics were used in the
approve the expiration of natural resourcesstudy to draw infeneces on the hypotheses.
even with the prgpect of lucrative profit. Thus, Measurement of variables

sustainability theory becomes very importantThe dependent variable for the study was
to this study as it reveals that sustainable soitonceptualised as utilization of soll
management practices are based on farmersanagement practice. It was measured by
decisions and farmers decisions are primarilycalculating total utilisation score of each
based on the economic gain they intemtdve respondent from ten soil management prastic

from their farmland. utilized. The reaction was against godint
Likert type scale of utilisation ranging from

MATERIALS AND METHODS Always utilized (3 points), Occasionally
utilized (2 points), Rarely utilised (1 point),

The study area and Never utilised (0 point) as used by [3]. The
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maximum score for eachlespondent was 30 Christians and onlyery few ©.4%) were
while the minimum score for each respondentraditional worshipers. This implies that
was zero. The total score per respondent wa€hristianity and Islam were the dominant
further classified into three categories asreligionsin the study areaAbout (59.1%) had
follows: low, moderate and high level of farming experience of 115 years with the
adoption using mean of total adoption scoremean farmg experience of 12.5 years. This
plus/minus standardegtiation. Crop yield was means that majority of the respondents were
measured by asking the respondent to rate the@xperienced farmers and this could influence
crop yield in the last three years of using SMPstheir utilization of sustainable soil management

The reaction was againstpbint Likertlike
scale ranging from very high (4 points), high (3
points) average (2 points) and low @int).

practices.

Table 1 Distribution of respondent by some selected

socio-economic cheacteristics of respondentis = 110)

RESULTS AND DISCUSSIONS Variable Frequency | Percentagemean
Age (years)

_ _ o 20-30 31 28.3 375
Sociceconomic characteristics of | 31-40 36 32.9
respondents 41-50 24 20.8
Results inTable 1 showmajority 2.7%6) of 51-60 / 4.5
the respondents were male witbry (7.3%) Sex
female. The findings showed that male Male 102 921

S 9 X : Female 8 7.3
dominatearable cropproduction in the study ["Marital status
area This is expected because traditionally| Single 13 11.8
farming work is known to be male gender| Married 84 79.1
specific due to drudgery and risk involved in it. g"’l‘?r_ced 10 9.1
Also, the study revealethat about twethird cﬁ 'glon

. ristianity 45 40.9
(61.2%)were within the age bracket of 2@0 Islam 58 52.7
years with the mean age of 37.5 ggarlhis Traditionalist 7 6.4
implies that majorityof the respondentaere Years of
in thar active and productive age during which | farming
they could withstand the rigour required for ‘i?;pg”ence 5 %
farmi_ng_operatioa This result is in line with =7, 19 173 125
the findings of [16]; [12] who both asserted| 7117 15 65 50.1
that people intheir active agetend to perform | Above 15 20 18.1
their tasks effectively and efficiently as they| Other
painstakingly endure the stress and rigours of occupation
exerting and fatigue laden assignments. Th-ﬁf(‘)'gg farming -3 573
ecological _|mpI|cat|on is that_ Fhe respondents = service 18 164
had potential to adopt and utilisewn methods [ Trading 10 91
of soil management practices which are Student 1 0.9
sustainable as they were expected to be legsvionthly
risk averted.Moreso, majority(79.1%) were [Income
married This implies that married people were ?056%00 N 20 18.2
more involved inarable cropproduction. This 10100 - 35 31.8 N8.536.26
could be due to the fathat this category of | n20000
people have more responsibilties than the n20,100 - 40 36.4
unmarried, so the need to involve in income ~30,000
generatingactivities becomes necessary so as ggg\geoo 15 13.6

to meet up with the challenges of meeting th
family responsibilities. In addition, majority
(52.®@0) were Muslims, 40.9 percent were
40

Source: Field survey, 261
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Furthermore, majority

(71.8%)
respondents had attaith one form of formal

of

the majority

of t he responi

within the range of national minimum wage

education or the other while about 28.2 percentvhich show that there is need for them to

had no formal educationThis implies that

intensify efforts in utilizing more SMPs which

majority of them were literate which could could translate into increment crop yield and

assist them to be more enlightened

inbetter income.

utilization of innovations than illiterates. This Type of sal management practicesutilized
result howeer, is in tandem with the findings by the respondents
of [12]; [6] who submitted that education and Results in Table 2 show thatzero tillage
attitude and (97.3%), mulching (95.2%), ridging92.7%),
knowledge of an individual thus sharpeningcover cropping (87.3%), crop rotation (77.3%),

training improves the skill,

their
innovations with ease.

ability to comprehend and apply fertilizer
Thereforesince

application

fallowing (50%) were

(73.7%) and bush
identified as the

majority ofthe respondents were educated, it igorevailing SMR in the study are®n the other
expected that they perform and operate moréand, SMPs like the use of green manures
effectively, efficiently and know more about (40%), animal manures (15.5%) and compost
environmental(8.2%) were not popular in the study areasTh
sustainability than those who had no formalresult is line with the report of [18] who

natural resources and

education. In addition, 67.3 percent had

identified ridging, crop rotation, mulching,

farming as their sole occupation while few cover cropping and fertilizer application as the
(16.%%) were civil servantsvho also engaged sustainable soil management practices in their
in farming. The findings were in consonant studies butcontrary to the reports of [2]1]
with [4] assertions that farming is the major which establishedompost, animal droppings
occupation among the people of Ogun Stateand mixed croppin@sthe major sustainable
About 37 percent had monthly income ranfe o soil management practised amahg farmers

N 20,1007 N 30,000 with the mean monthly studied
income of N 18,536.26. This implies that

Table 2 Distribution of respondents based types ofsoil management practicesevailing in the study areén =

110)

*Soil managemaent 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 croppig 85 77.3
Bush fallowing 55 50

*Multiple responses
SourceField survey, 203

Crop yield of respondents
Anal ysis in

and above onethird

their crops as high and very high respectivelyyesidues @ad organic manures

(30.9%)

Tabl e

of

This result implies

tat majority of the

3 reshomdentsragrdaed thagthe aode of EMPs brieg s 6
yield based on the utilization of SMPs in theabout increase in crops crop, this corroborates

last three copping seasons, almost half (38.2%he findings of [7];[23]; [9]; [5] which is

the claimed that the use of SMPs like mineral
respondents rated their yield obtained fromfertilizers, crop rotation, recycling of crop

increased

while above onguarter (28.2%) and very few farming productivity (crop yield).
(2.7%) agreed that their crop yield were

average and low respectively.
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Table 3. Distribution of respondents by rating their yield The use of zero tillage mitigates soil against the

rating
Crop yield Frequency Percentage
Very high 34 30.9
High 42 38.2
Average 31 28.2
Low 3 2.7

release of C®@and NO caused by intensive
tillage and burning and also reduces
destruction ofsoil 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
practices because of greater dependency on the use of

Results inTable4 reveal thatnulching (mean fertilizer and inadecacy of arable land for
= 2.76) ranked highest among SMPs utilized@mers. The result is in agreement with the
by the respondentgollowed byridging (mean flndln_g of [8] that established that m_ulchlng,
= 2.41), fertilizer application (mean = 2.26), Planting of cover crops, crop rotation and
zero tillage (mean 2.25) and cover cropping inorganic fertilizer were the most preferred and
(mean= 2.25). Others include rotational utilized soil conservative practices among
cropping (mean=1.65), bush fallowing (mean@rablecrop farmers in Enugu State.

=1.62), compost (mean = 0.78), green manurd Né result was also in consonace withthe
(mean = 0.75) and use of animal manure (meaffPOrts of [20]; [9]assertion that the use of
= 0.0.37). Comparing the grand mean score off€€n manure, compost amshimal manure
utilisation (mean = 1.78) with the individual Werethe least useBMPs among farmerdhis

utilization mean scores, the results showed tha{iO‘{ld be due to their irri_tating odogr,
SMPs like mulching, zero tillage, ridging, crop tediousnes of preparation, bulkiness and high

rotation and cover cropping were highly cOSt of application.
utilised by the respondents. Further analysis in Table Show more than

This may be due to the fact that these SMp&vo-third (69.1%) of the respondents were in

help to conerve soil water, control soil erosion e moderate Iev(()al of utilisation Ofo SMPs,
and enrich soil nutrients by the decay of cropVhile onefifth (20%) and about (11%) had
residue and leaves [17]. high and low levels of tilisation of SMPs

respectively.

Source: Field survey, 261

Level of utilization of soil management

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

*Soil management Never Rarely Freq Occasionally Always Ranked mean
practices Feq Freq Freq

Mulching 3 4 16 87 2.70
Ridging 1 31 0 78 241
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, 261

Table 5. Level of utilisation of soil management This could be as a result of problems
practices (n = 110) asssociated with their utiilisation such as

Level of | Utilization Frequency | Percertage . . .
utilization | scores inadequate supply of fertilizers and finance,
Low 6 and below 12 10.9 hence it is ecommended that government
Moderate 7and 13 76 69.1 should supply fertilizers at subsidized rate to
High l4andabovg 22 20 farmers and make loan avaialable for them.

Fiel 2 .
SourceField survey, 208 Table 6 shows that inadequate supply of

fertilizers (mean = 1.78) ranked highest among
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the problems associated with utilization of The implication is that these significant socio
SMPs, bllowed by high cost/neavailability = economic characteristicef farmers would

of labour (mean = 1.69) inadequate financeaffect their usage of sustainable soil
(mean= 1.68), high cost of soil managemeninanagerant practices.

practices (mean=1.22), poor knowledge ofResults in Table 7 reveal that at 0.01 level of
utilization (mean=1.15), transportatons i gni fi cance, respondent
problems (mean = 1.10) and inadequateyears of farming experience (r = 0.451) had
availabilityland (mean = 0.69). Comparing the positive and significant relationship with

grand mean score of constraint (mean=1.33tilization of soil management practices. Thus,

with the individual mean scores of constraints,increase inr espondent s o year s
the major problems faced by the respondents iexperience and age would increase their

the utilization of SMPs were inadequate supplyutilization of SMPs.

of fertilizers, high cost and neavalability of  This finding is similar to the findings of [2]

labour and inadequate finance. This resulwhich established that years of farming

gives credence to the finding of [14] who experience had positive andsignificant

reported inadequate supply of fertilizer, non relationship with choice of soil magement
availability of labour and inadequate finance agoractices.

the highest ranking among the constraints

faced by farmers utiting sustainable land Table 7. Chisquare showing association between

. . r e s pon cecivécendmic characteristics and
management practices in Kwara State. utilization of sustainable soil management practices

Variables c? D.F p-value
Table 6. Distribution of respondents by problems| gex 58.682* | 1 0.016
associated with utilization of SMP (n =110 Religion affiliation 7.775* 2 0.025
*Problem Major Minor Not a Rank Educational level 16.459* | 4 0.030
problem | problem | problem ed Marital status 4.281* 2 0.040
Frequen | Frequen | Frequen | mean *significant at 0.01* significant at 0.05, D.F = degree
cy cy cy of freedom

Inadeduate 90 16 4 1.78 Source: Field Survey, 2015

supply  of

fertilizer . . . .

High cost/ 86 14 10 1.69 Table 8. Chisquare showing relationship between
non r es p o n deciwécendmic characteriss and
availability utilization of sustainable soil management practices
of labour Variables Correlation p-
Inadequate 86 13 11 1.68 coefficient (r) value
finance Age 0.280 0.010
High cost of 37 61 12 1.22 Farming experience 0.451 0.009

soil  magt Monthly income 0.123 0.122
practices Source: Field survey, 261

Poor 29 68 13 1.15

Knowledge Results in Table9 show that there was a
utilization positive andsignificant relationship between
Transportat| 53 15 42 1.10 crop yield (r=0. 2 2 3 ;5) apdJd&me
lon problem utilisation of sustainable soil management
Inadequate 14 48 48 0.69 . . . . .

availability practices. Thamplication of this is that the
of land higherthe use of sustainable soil management
* multiple responses, Grand mean= 1.33 practices among farmetse higher the crop

SourceField survey, 2015 yield. Theresultscorroborateshe findings of

. [7]; [9]; [5] assertiond that farmers us
Re_sm_JItsm Tgple_? show thatsex ¢*=58.682), fertilizers which is one of the major SMRe
religion affiliation (c?=7.775), level of boost soil productivity with the aim of
education ¢?=16.459 and marital status increasing arable crop production
(c?=4.281) had significant association with

utilisation of SMPs among farmers at A0

level of significance in the study area.
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Table 9. Results ofcorrelation analysis showing the [3] Akinbile, L. A, Akinpelu, O. M., Akiwiwu, U. N.,
relationship between crop yield ana fan e utikizaétion 2013, Risk Managemerstrategies Utilised by Small

of sustainable soil management practices Scale Poultry Farmers in Oyo State, Nigeria:
Variable | Correlation coefficient (r) | p-value Implications for Agricultural Transformation. Journal of
Yield 0.223* 0.030 Agricultural Extension: 17(1) 331
*significant at 0.05 level of significance. [4] Akinsaya, O. Q, Ajayi, K. O., Solomi, M. Q, 2011,
Source: Field survey, 261 Rel ati ve Ef f e cupasion, Qtalifitatonent s 6
and Academic Mot i vati on of W
CONCLUSIONS Achievement in Senior Secondary School Mathematics

in Ogun State British Journal of Arts and Social

N . . SciencesPp. 242253.
Based on the findingsf this study, mulchio,  5;amanze, B., Eze, C., Eze, V.M., Chiedozie, 1.0.,

ridging, fertilizer application, zero tillage and Blessing, RE., 2010, Factors Influencing the Use of
cover cropping were the majsustainable soil Fertilizer in Arable Crop Production among Smallholder
management practices utilized by theFarmers in Owerri Agricultural Zone of Imo State.

ademia Arena 2:99.
reSpondentS and at moderate level. Inadequa Brunello, G., 2004, Labour Market Institutions and

supply of fertilizer and .noavailability/hig.h the Complementarity betweerd&cation and Training
cost of labour were iderfied as the major in Europe, Education, Training and Labour Market
constraints to effective usage of SMPs. ThisOutcomes in Europe, Checchi D. ahdcifora C. (eds.),
has implications on agricultural developmentg?gfa‘lie' 2833\/091982 Eertiiring for Maxi Vield

: - P : ooke, G.W., , Fertilizing for Maximum Yield.
ina cQuntry like nge”a whgre Iand. gongtltutes3rd Edition. Granada Publishing Ltd. London. Pp.: 417
a major constraint to farming. Utilisation of 45

sustainable SMPs among farmers would nots] bimelu, M. U, Ogbonna, S. E., Enwelu, I. A, 2013,
only enhane productivity but also improve Soil Conservation Practices among Arable Crop
soil fertility. It is recommended that Farmers in EnugiNorth Agricultural Zone, Nigeria:

; plications for Climate Change.Journal of
government and relevant agencies should b gricultural Extension17(1) 192205

involved i_n promotiqg adoption and utilizati_on [9] Edeoghon, C.Q.Ajayi, M.T., Ugboya, T. O., 2008,
of sustainable soil management practicewareness and Use of Sustainable Agricultural
through adequate training. Also, both organicPractices by Arable Crop Farmers in Ikpoba Okha Local

and inaganic fertilizer as well as other farm Govef_”ml;”t Afeal of Edo State. _Joluma| - of
inputs should be made availablefsomers at g.ljssgiz;lga e Development in Agriculture & Environment

subsidized affordable for farmers. This W0U|d[10]Food and Agculture Organization 2005, Global

enhance utilization of SMPs, higher Assessment of the Status of Huriaduced Soil

productivity and environmental sustainability Degradation. FAO, Rome.

among farmers. [11] Food and Agriculture Organization, 2014, The State
of Food Insecurity in the World 2014:Strengthening the
Enabling Environment for Food Securiéynd Nutrition.
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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 thbssance 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 aretie$danirace concentrations for physiological
processes in plants. Furthermore consequently would a critical part from tli@lsoil food continuum. Therefor

this study aimed to analysing the performance of multivariate hyperspectral vegetation irididesab (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 forritifying 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 phytoaccumulationhiatgrains with highest significant level-{Ralue

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

Key words heavy metalgemote sensing/egetation indicesletecting stress

INTRODUCTION phytotoxic effects. Nevertheless, many
problems arise when cells intake an excess of
With advances in satellite, airborne and groundhese essential elements or other heavy metals
based remote sensingeflectance data are such as arsenic and lead, which are not known
increasingly being ugaale anyessangal functionstbutra® toxicl t 0
valuable tool in evaluation, monitoring and and cause damages to living organisms.
management of land, water, crop resources anfixcessive heavy metals in plants adversely
plant stress detection. One of the importaniffect plant growth and development [1Bhe
types of the plant stressors is the heavy metalgssential heavy metals (Cu, Zn, Fe, Mn and
Same of these heavy metals such as Cu, Fe, ZWo) play biochemical and physiological
and Mg are essential elements for plant andunctions in plants and animals. Two major
play important roles in many physiological functions of essential heavy metals are the
processes like metabolism, growth andfollowing: (a) Participation in redox reaction,
development. Upon literature survey, we foundand (b) Direct participation, being an integral
scientific reviews that examine the effeaf  part of several enzymes [11].
heavy metals on plant growth and functign Copper is an essential heavy metal for higher
and 1]. The trace metals exerting toxic effectplants and  algae, particularly  for
on plants have been studied for over a centurghotosynthsis [10 and 2].
by now but there remains confusion within theThe inorganic and organic fertilizers (Fertilizer
literature with regards to their concentrationsis a substance added to soil to improve plants

as micronutrientaind as components inducing
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growth and vyield.) are the most importantThe present experiment was designed to
sources of heavy metals to agricultural soilinvestigate the possibility of using
include liming, sewage sludge, irrigation hyperspectral data for detecting Cu and Zn
waters and paisides, sources of heavy metals accumulation in plant dry mutter at different
in the agricultural soils . Waste water alsogrowth stages and the accumulation in wheat
contains heavy metal and when it is applied tagrains under Copper and Zinc stress. The effect
crops, it can cause threat to soil and plant®f Cu and Zn was monitored, using irrigation
growing in that soil. Generally, heavy metalswater cataining Cu and Zn singly and in
cannot be removed completely from wastecombination, to investigate: (i) the effect of the
water and when they enter into the soil, it will interaction between Zn and Cu on wheat
interfere with the plant roots and tissues, wherplants; (i) which VIs are more sensitive to use
these plants are eaten by animals or humarfer detecting the accumulation of these
they will enter into food chain [8]. elements.
Healthy plants, those capable of maximum
growth, are generally expected tavie higher MATERIALS AND METHODS
chlorophyll pigment concentrations than
unhealthy plants. Reduced chlorophyll Plant material and experimental design
concentrations are often associated withA controlled pots experiment (Hydroponics
stressed plants, with variations in totalexperiment) was executed during the spring
chlorophyll to carotenoid ratios used as stresseason of 2016 at the glass greenhouse at the
indicators [9]. Various metal trea@mts have a University of Stirling, Stirling, United
negative effect on photosynthetic pigmentsKingdom (latitude 56°8°46.25°", longitude
such as chlorophyt, chlorophyib and total 3°55'4.54") to track the different
chlorophyll contents of plants where the concentrations of Zinc and Copper on the
photosynthetic pigments decreased withEgyptian wheat Triticum aestivum L. The
increasing heavy metals level in the soil [5]. purpose of this experiment is to construct an
The relationships betweennZconcentration index for the heavy metals stress response in
and the visibleear infrared spectrum of Egyptian wheat.
Triticum aestivum L. were studied by [8hd  The experiment was conducted using (@&
they found that, the pigment reduced with thecm diameter- 10 L volume) and 25 garden
increased concentration of Zn ifritcum  trays (120 cm * 55 cm). A total of 100 pots
aestivum L Corresponding change in were planted using a planting (growing) media
visible/nearinfrared reflechnce spectra of (black peat moss and perlite (1:1)) in a
vegetation was observed. The reflectancgreenhouse. The pots were located inside the
spectra increased in the visible light region andrays for caching the extra nutniesolution.
the strength of blue shift of the red edffe],  Five concentrations of both copper (0.02, 8, 10,
studied the changes in leaf reflectance spectrd2 and 15 ppm) and Zinc (0.05, 20, 40, 100 and
(3502500 nm) due to metal phytoextraction 150 ppm) were used. Different treatments of
(Cd, Pb, As and their metamixture both elements including 25 treatments were
treatments) into barley plants grown in pots.applied to study the ability of using the spectral
The results demonstrate the potential use ofmeasurema for predicting the accumulation
hyperspectral reflectance data to monitor planbf the both elements in the plant dry matter and
health during phytoremediation process. [13]the grain yield. Hoagland nutrient solution
studied the performance of multivariate was used as a nutrient solution for the control
vegdation indices of rice in estimating the treatment [14] and another 24 solutions were
agriculture soil arsenic content and thereprepared for the micronutrient thi different
results indicated that the thrde band VIs concentrations of Zn and Cu.The plant
might be recommended as an indicator forsamples were collected 4 times during the
estimating soil arsenic content. growing season (At tillering, Inflorescence,
flowering and milk development stages). The
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fresh weight of shoots and leaves werey:0_996x_ 1.52
recorded. Subsequently, the planatter was

ovendried 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
fine powder and digested in a microwavehwit
concentrated nitric acid. The meta
concentrations  were  measured usingzoo.g)'. .

Inductively Coupled Plasma optical emission>tatistical analysis .
spectrometry (ICROES). Statistical analysis of spectral and chemical

data was performed using R software and
Canopy hyperspectral reflectance data S
An ASD Field Spec Pro spectroradiometerreported at (P < 0.05) significance level. Mea
from Analytical Spectral Devices Inc and standard deviation (x SD) were computed

(Boulder, Co 80301 USA) was used to measuréor all data. Data were statistically tested for

reflectance from plant canopies at a specific/dnificant effects through correlation, linear
height from the plant canopy using artificial regression, and multiple regression analysis.

illumination. The reflectance measurements, (t” rel ?tl : (')BI co etf df b el
were made in a darkroom to avoid changingPe ween Spectral variabless computed.

light intensity from solar radiain and to have
a constant light incident on the plant canopy.RESULTS AND DISCUSSIONS

This instrument can detect reflected light from
the canopy ranging from 325 nm to 1075 nm,
covering the visible near infrared (VNIR) matter . . .

portion of the magnetic spectrum. EaChResuIts of chemical analysis for Zinc and

reflectance spectrumvas the average of a C_opper concentration in plant samples at
number of scans (which was adjusted andiﬁferent four dates under different treatments

calculated by the spectroradiometer). The'”us’trat(:"d in Fig (1 a).. " .
‘{he resultsshows a high positive correlation

\S;gﬁgtljgl rgfo?/?/;: emztr;;eswer?At COl,:ﬁgﬁgg, abetween the amount of Zn_ in. pllant. dry matter
Inflorescence, flowering and : a_nd the add concentration in irrigation water at
development stages)). different stages (0.85, 0.89, 0.95, and 0.98)
with high significant level (Rralue < 0.001) as
Hyperspectral Vis shown in table (1)
Vegetation indices were calculated byTh : : ; C level | d the 7
combining specific reflectance values along' "€ mclreta_\mg_ot tltjw e\ie tlncrer;c}lseth ﬁ. hn
spectral signature. The most represente F‘i/%‘:”;#;n'%gé?egse; guazpi’a‘l’(\’e'e e higher

vegetation indexes were selected to dete . . o
High zinc concentrations facilitated copper

differences in the reflectance between health)(J ke by th b duced i f
(The control treatment) and stressed vegatati UPtaKe Dy the roots but reauced its transfer to
the aboveground organs [7], as shown in Fig.

in visible and reeedge spectral regions. The (1b)

Vis for different growing stages were L

calculated. The considered Vis in this studyThe _Co_pp(_e_r concentration In |_r_r|gat|on water

indicated by (Changwei Taet al, 2013) and has insignificant effect at significant level P

listed in appendix (1). value <0.001 on the dry matter Cu content but
it has a significant positive effect atv@lue <

Calculations and statistical analysi$he
: 0.01we can observe that fronf ©.16, 0.17
chlorophyll ®ncentration was calculated from ! ’
pny and 0.15) and #alues < 0.01 at Tillering,

the SPAD502 chlorophyll readin Wood, )
Py ings Inflorescence, and Milk development stages

Reeves, and Himelrick, 1993), using the ) .
following equation: respectively as shown in table (1).

Where vy is the chlorophyll concentration and x
is the SPADB502 chlorophyll readings (ug.cm
2).
6{_eaf area index (LAI)
Calculated as a ratio of leaf surface aard the
|occupied land area of this pla&Elmetwalli,

(1)Metal accumulation into the plant dry
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These results confirms the differences in thdig. 1 b. Effect of Cu level add in irrigation water on the

plant canopy reflectance as a result of plan
content of Zinc and Copper.

Tillering stage

Inflorescence stage

plant dry matter content of Copper

Table 1. Correlation coefficient, R2, A&#2, and P
value for the effect of Zinc, Copper atlte interaction
between the both elements on the dry matter content of
Zn and Cu

Zing, mgfkg DV

Zinc, mg'kg DWW

Cu - Cu - 5 Source of stress
5 10 15 5 10 15 6
. . % o % Growth stage n Cu Zn*Cu
2151/ E‘Eﬂ/'/‘i g R | Pvalue| r R? | Pvalue| r | Pvalue| Adj-R
010 i - 5 =
0 50 100 150 i 0 50 100 150 ,5 Tillering 0.73 | 0.000" | 0.85 | 0.000| 0.9 -0.01 | 0.000" | 0.72
Zn concentration in irrigation water, ppm Zn concentration in irigation water, ppm s
e Inflorescence | 0.78 | 0.000" | 0.89 | 0.000| 0.9 | -0.01|0000" | 0.78
Flowering stege Milk development stage g
5 Flowering 0.91 | 0.000" | 0.95 | 0.00 09 | -0.00 | 0.000" | 0.91
o
c A cu R | 8
5 10 15 5 10 15 e Milk “
= G 0.96 | 0.000" | 0.98 | 0.000| 0.98 | -0.00 | 0.000 0.96
; S . s development
03 T =0
gﬂ/’/’ E’Ej/ 3 Tllerng | 0.06 | 009 | 0.24] 016 | 000 | 04 | 000 | 0.7
o 01 o=
0 50 100 [ 0 50 100 150 ; Inflorescence | 0.001 | 0.82 | 0.03 | 0.17 | 0.00" | 0.41 | 0.0Z 0.14
Zn concentration in irrigation water, ppm Zn concentration in irrigation water, ppm 9
- .. - 5 Flowering 0.00 083 |-0.03| 0.02 0.3 013 | 082 | -0.04
Fig. 1 a.Effectof Zn leve add in irrigation water on the o
. £ Milk .
plant dry matter content of Zin 5 development 012 | 0013 | 035 | 015 | 000" | 038 | 0.00° | 0.22
Q
Tillering stage Inflorescence stage

0 5 10 15
Cu concentration in irrigation water, ppr

2 |
= s 100 180
[=]
=
E 00
T 002 ] v ¢
o
2
(8]

Flowering stege

Zn .

50 100 150

e b

"
[ )
0 5 10 15
Cu concentration in irrigation water, ppr

BREBE

Coppr, mgikg DY
R R
Y
1.

Copper, mgfkg DWW

Copper, mgfkg DWW

Zn .
5 5

0.05 .
0.04
N
0.03 .._—-—-—-——'—_'_'—:_'__:

0.02 §

0 5 10 15
Cu concentration in irrigation water, ppnf

Milk development stage

n .
5 5

0 5 10 15
Cu concentration in irrigation water, ppn|

*** A significant effect at Rvalue < 0.001 ** A
significant effect aP-value < 0.01 * A significant
effect at Pvalue < 0.05

Correlation  between  heavy  metal
concentrations add in irrigation water and

I tds concentration in
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
conentrations in irrigation water

Table 2. Validation results of regression models for estimating dry mutter Zinc content dependsbamdwo

hyperspectral vegetation indices

Two-band Curve - -
Vis Growth stage shape Fitting model R Significantly
Zn accumulation iplant dry matter
NDVI Flowering Linear 3.24- 3.56NDVI -0.56 0.000™
Milk development Linear 4.21- 4.81NDVI -0.52 0.000™
Flowering Linear 0.708-0.04007(SR-680- | 57 0.000™
SR _680_b b)
- Milk development Linear 0.966- 0'0%2)36(SR_680 -0.54 0.000™
NPQI Flowering Linear -0.0410 +1.544NPQI 0.59 0.000™
Milk development Linear 0.0451 +1.869NPQI 0.53 0.000™
Plant dry matter Zn content prediction  Table (2) shows a high correlation between the

models

both factors in different growth stages with

The Zn content prediction models showed inhigh R values and high significant-Ralue <
table (2) was obtained by lineaegression 0.001 under the experiment circumstasce
carried out between Zn content and Zn levelsThe plot of measured plant dry matter content

in irrigation water

50

of zinc against predicted Zn concentration and

pl a



Scientfic Papers SeriesManagement, Econamic Engineering in Agriculture and Rural Development

Vol. 17,Issue3, 2017

PRINT ISSN 22847995, EISSN 22853952

the results obtained from the testing of the(i) Zn accumulation

models are displayed in Figure (2). All vegetation indices deulated from the
The plot of measured plant dry matter contentdataset and the regression models were
of Copper against predicted @oncentration validated using the validation dataset.

and the results obtained from the testing of th&@'he correlation coefficient (r) between the
models are displayed in Figure (3). measured and estimated values of the
We were found that the prediction models atvalidationdata set were applied. Figuréga,
different stages predict the dry matter contenb), 5 (a, b, 6 (a, b) showthe highest correlated
of Zn with high significant (Fralue < 0.001). two- band VIs with the Zn concentration in dry
The correlation cefficient between the mutter and the statistical models that can be
measured Zn concentrations in dry matter andised for detecting the accumulated Zn in plant
the predicted values was a high positivedry mutter.

correlation at different growth stages (0.85,We can observe that almost tlwand Vis a

0.89, 0.96, and 0.98). negative correlation with dry mutter nZ
content, but this negative relationship starts at
_ Terng stage Inflorescence stage late growth stage.
R=0.73 —es. £V Re0T8 The negative correlation started to appear at

o
N
S

flowering and milk development stages. The
highest correlated twband VIs were NDVI,
SR-680-b, and NPQI. NDVI and S#880-b had

o o om o = o | a negative correlation with the Zn
T e ™™ 1 accumulation in dry mutter at the flowering
and milk development growth stages with high

significant level (Pvalue < 0.001).

o
5

%3

Predicted Zn concentration, mg/kg DW
Predicted Zn concentration, mg/kg DW

Flowering stage

R=0.91 R= 006

Flowering stage

Predicted Zn concentration, mg/kg DW
Predicted Zn concentration, mg/kg DW
o
@

01 02 03
Measured Zn concentration, mg/kg DW Measured Zn concentration, mg/kg DW

0.1 0.2 03 0.4 0.5

Fig. 2. Validation of Zn effect prediction models on Zinc
accumulation in @nt dry matter

In dry matter content, mg/kg, DW

% o eo. mee
°p g0 o

0.020

z Tillering stage z Inflorescence stage
a 8 —
e R=0.16 - Sox{ R=017 Y=3.24 3.56X
B 006 - >
£ L e £ 1
5 00 P=0003 5 oo P=0.003
g g
5 - g
g 004 e g 003 [ 0.8 o8
S - S NDVI
2 - g % Flowering stage
3 A 8 002
S o002] Yt = o b
k<] S s
o T T T T T < T T T T 57
o 002 003 004 005 006 o 0.02 003 004 005 _
Measured Cu concentration, mg/kg DW Measured Cu concentration, mg/kg DW %
=
Flowering stage Milk development stage §,
008 R=0.15 s
R=0.02 =
0.030 =
= 2
006 P=0.006 8
P=0.37 0.025 =
=
2
o
o

0.015

angen 66 » .
0.02 "P"' .

0.010

Predicted Cu concentration, mg/kg DW
Predicted Cu concentration, mg/kg DW

0.1 0.2 0.3
0.02 0.04 0.06 0.08 0010 0015 0020 0025 0030 Measured Zn concentration. mg/kg DWW

Measured Cu concentration, mg/kg DW Measured Cu concentration, mg/kg DW N N N N

, — — Fig. 4 a. (a) Relationship of plant dry mutter Zinc content
Fig. 3. Validation .of Qu effect prediction models on against NDVI, and (b) measured anstimated dry
Copper accumulation in plant dry matter mutter Zin contents of the validation dataset based on
NDVI at flowering stage

(2)Relationship between tweband
vegetation indices and the plant dry mutter

content of heavy metals 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 SB8-b and the validation
of prediction statistical model #bwering and RSN S

milk development stages. a
NPQI had a positive relationship with the
accumulated zinc concentration at flowering
and milk development stages with high
significant level (PValue < 0.001).

&

In dry matter content, mgfkg, DW

Milk development stage Y: 0966 00686X

10 12 12
SR_680_b

Milk development stage

In dry matter content, mg/kg, W

| Y=4.21481X

0.s00

0.825
NDVI

Milk development stage

Predicted Zn concentration, mg/kg DW

0.1 0.5

Measured Zn concentration. mg/kg DW

Fig. 5 b. (a) Relationship of plant dry mutter Zinc
content against SB80b, and (b) measured and
estimated dry mutter Zin contents of the validation
dataset based on S880-b at milk development stage

Predicted Zn concentration, mgkg DW

Fig. 4b. (a) Relationship of plant dry mut#nc content
against NDVI, and (b) measured and estimated dry
mutter Zin contents of the validation dataset based or
NDVI at milk development stage

Flowering stage

o
W

Flowering stage

In dry matter content, mgfkg, OW

NPQl

In cry matter content, my’kg, DW

Flowering stage

1Y=0.708 0.04007X

12
SR _680_b

Flowering stage

Predicted Zn concentration, m/kg DW

0.1 [+ 5-4 0.3
b Measured Zn concentration, mg/kg DW

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
Fig. 5 a. (a) Relationship of plant dry mutter Zinc contentNPQl at flowering stage

against SR680-b, and (b) measured andtienated dry
mutter Zin contents of the validation dataset based on
SR-680-b at flowering stage
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Fig. 6 (a,b) show the relationship between

are low correlated with the Copper

NPQI and the dry mutter Zn content and theaccumulation in to the plant dry matter.

validation of the statistical prediction model.

Milk development stage

In dry matter content, mg/kg, DW

Milk development stage

Predicted Zn concentration, mgkg DW

Measuie:d Zn conc;njtration_ mgcllig DwW
Fig. 6 b. (a) Relationship of plant dry mutter Zinc
content against NPQI, and (b) measured and estimate
dry mutter Zin corgnts of the validation dataset based
on NPQI at milkdevelopmenstage

(i)Cu accumulation

The results of regression analysis between C
accumulation in to the plant dry mutter and
two-band VIs demonstrated that the almost of
two-band VIs have a negatiwerrelation with
dry mutter Zn content, but this negative
relationship starts at late growth stage. The

(2)Metal accumulation into the grains:
Relationship of grains heavy metal content
against its concentration in irrigation water:
Ther and RValue 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 accumuiam 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

W PY PE 0 6 LBITWE O 6p& L
Equation (2) shows the interaction effect on the
accumulation of Copper into the grains
statistical prediction model.
Equation 2
d ® PT YE 6 6 LRBTOD 6 p& L

Ylw TEIm T T T8LY

In concentration, mg/kg OW

Cu concentration in irrigation water. ppm

negative correlation started to appear at mil

development stageThe highest correlated
two-band VIs were NDVI b,GNDVI, SR
_680_h PSSR PSND.AIl of these Vs had a
negative relationship with low values of
correlation coefficient (r)NDVI b, GNDVI,
PSSR had eorrelation coefficient (r) valuds
0.36 -0.37,-0.36) respectively with significant
level at (RValue < 0.01), buBR _680 kand

r=0.98
P <0.001

Predected accummulated Cumg/kg DW

0.0 o.1s 0.20
Measure d accummu lated Cu.mg/kg DWW

PSND had aorrelation coefficient (r) values

(-0.37 and-0.36) with significant level at (P
Value < 0.05).From these results we can
mentioned that the twband vegetation indices

Fig. 7. (a) Relationship of wheat grains Zinc content
against irrigation water Copper content,
measured and estimated grains Zin contents of the
validation dataset based on Copper concentration in

and (b)

rrigation water
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Predected accummulated Zn,mg/kg DW

0.10 0.15 0.20

Measured accummulated Zn.mg/kg DW

Fig. 8. Measted and estimated wheat grains Zn contents
of the validation dataset based on the interaction
between the irrigation water content of Zinc and Copper

0.030

o
o
)
o

1

o
o
I
=1
I

Cu concentration, mgtkg DW

O p8 ¢ Ccd@ p8d Y
S0 100
Zn concentration in irrigation water. ppm

o 150

b

r=0.45
P <0.01

Predected accummulated Cu,mg/kg OW

< T o>

0.015 0.020 0.02S 0.030
Measured accummulated Cu.mg/kg DW

Fig. 9. (a) Relationship of wheat grains Copper content
against irrigation water Zinc content,catb) measured
and estimated grain€U 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 polyromial negative relationship between

The irrigation water Copper content had a
polynomial positive relationship with Cu
concentation in grains as illustrated in figure
(10) with significant level (R/alue <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 significa level (RValue
<0.001). Fig. (11) shows the validation of
prediction statistical model of interaction effect
on grains Copper content.

0.030

0o.0Z20

Cu concentration, mgfkg OW

O TEIMTWI TWNW T8rX T

0015 =

10
Cu concentration in irrigation water. ppm

15

Predected accummulated Cu,mgrkg DW

0.10 0.1 0.20
Measured accummulated Cu,mg/kg DW

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

r=0.49

Predected accummulated Cu mg/kg DW

0015 0020 0.025 0.030
Measured accummulated Cu,mgflg DWW

Zinc concentrations add in irrigation water and

the Copper accumulated into the grains wit

significant level (PvValue < 0.01). i

hF

C

ig. 11. Measured and estimated wheat grains Cu
ontents of the validation dataset based on the
nteraction between the irrigation water content of Zinc

and Coppe
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Relationship of grains heavy metal content [5]Clemens, S., 2001, Molecular mechanisms of plant
against vegetation indices (VIs) metal tolerance and homeostasis. Plant® (41 pp.

A . . 475486.
T\,No'band Vis had _an ',nS'gm,flcant relationship [6]Gaur, A., Adholeya, A., 2004, Prospects of arbuscular
with Zn aC_Cum_Ulanon In grains. In cor?tra_s_t CUmycorrhizal fungi in phytoremediation of heavy metal
accumulation into the grains had a significantcontaminated soils. Curr Sci, 86(4), pp. 528.
relationship with the almost of twland VIs  [7]ivanova, E., Kholodova, V., Kuznetsov, V.V., 2010,
with low correlation coefficient. NDVI|, Biological —effects & high copper and zinc

.. concentrations and their interaction in rapeseed plants.
GNDVI, RNDVI, SRi 680, and NPQI had a Russian Journal of Plant Physiology, 57(6), pp-808.

significant correlation with grains Cu content gjkamran, S., Shafagat, A, Samra, H., Sana, A.,
at (RValue <0.05) and r-0.30 -0.32,-0.30 -  Samar, F., Muhammad, B.S., Saima, A. B., Hafiz,

0.33 and0.36) respectivelyNPCl and PSSR M.T., 2013, HeaviMetals Contamination and what are
had a highest correlation with Cu the Impacts on Living Organisms. Greener Journal of

phytoaccumulation into the grains with highestf%_'ggmemal Management and Public Safety, 2(4), pp.

significant level (Pvalue < 0.01) and (r) [9jLichtenthaler, H.K., Ac, A., Marek, M.V., Kalina, J.,

values {0.39,-0.42). Urban, O., 2007, Differences in pigment compaositi
photosynthetic rates and chlorophyll fluorescence
CONCLUSIONS images of sun and shade leaves of four tree species. Plant

Physiology and Biochemistry, 45(8), pp. 5588.
10]Mahmood, T., Islam, K., 2006, Response of rice
Results of present study demonstrate thaleediings to copper toxicity and acidifpurnal of Plant
hyperspectral reflectance data, as well asiutrition, 29(5), pp. 94®57.
studied VIs appears to have potentiats f [11]Nagajyoti, P., Lee, K., Sreekenth, T., 2010, Heavy
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Environmental Chemistry Letters, 8(3), pp. 1856.
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hyperspectral  vegetation indices hadD., Miiller, 1., Noomen, M.F., Rossiter, D.G., Dudel,
insignificant correlation with Zn accumulation G.E., 2015, Spectral changes in the leaves of barley plant
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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-pastest wich still modest. It has not applied

the proper technology soahthe 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 prablend 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 impi®t@ime 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 orstructured 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 measaiceording to SSM results.

Key words agribusiness, mango, continuity of suppyft systemsnethodology

INTRODUCTION developmen of mango are facing various
problems, namely (i) it is greatly influenced by
Mango is one of the commodities that possesseason/weather (ii) scale farming is still
economic and strategic value. This commodityrelatively small (i) marketing is still done by
hasalso sizeable market opportunitiesboth  Tebasar(a selling method by which the farmer
domestic and export markets. People fond o§ells his product to labor contracfmehebas
Gedong Lipstick Mangbecause it has a high for cash before the harvestjpn (similar to
nutrient content. Mango consumption perTebasanby which the farmer mortgages his
capita per year based on the national sociogreen crop for money) and contract that lead to
economic survey of Central Bureau Statisticathe exploitation of production due to the
Agency since 2008 to 2014 is kely to insistence economic needs, avoiding the risk of
increase. It reached the highest rate in 201production failure athlarge maintenance costs,
with a numberof 0.63 kg/capita/year or an (iv) benefit is mostly enjoyed by traders instead
increase of approximately 200% over theof the mango farmerfl]. Mango farmers in
previous year and is considered the higheskajalengka are also experiencing pretty much
level of mango consumption in the last 5 yearshe same problems in cultivating the crops.
[2]. They are ranging from culture systems that
West Java province isoanted as one of pillar have not been able to apply the proper
region in the development @edong mango technology yet which cause®w- quality
particularly Majalengka regency. On one sideproducts and fluctuation of production
mango has prospective potential, but on th&vhereby resulting to price fluctuations as well.
otherhand,it still has problems that must be An old system is still applied in the process of
resolved. In general, the cultivation andharvesting and postarvesting, especiallin
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marketing which has not yet held thehow to describéhese unstructured problems
coordination and synergy among partiesand offer a solution for reavorld
related. improvements in the sustainability of
Other problems frequently encountered in theproduction and also produce an adaptive
development of mango agribusiness are thenango agribusiness development model.
inability of farmers to fulfil market demand for

continuity of product supply angroducts MATERIALS AND METHODS

which have not met the quality of consumer

preferences which clearly appear on theThis study is a qualitative using case study
purpose to enter industrial and export marketsdesigned to explore issues that are not
Institutional  partnerships are weakened structured, digging the cause of the
compared tahe previousone which had been discontinuity of production, andffers a range
built several years ago, due the lack of of solutions from actors and stakeholders in the
commitment and coordination which leads todevelopment of mango agribusiness. A system
the low access of markets among the mangthinking with soft system methodology (SSM)
agribusiness actors. The -optimized approachis used to analyze the development
application of the proper cultivation of mango agribusiness. SSM defines and states
technology, inappropriate pelsarvest due to the problemsnd conceptual models existed to
the imbalance irthe masteryof science and support in understanding the issues so as to
technology, and capital assets are als@roduce an agreement, the real action, and
obstacles in mango agribusiness. A questioperceptior{6].

arises from such complex problems would be

7. Actions to
improve the
problem situation

1. Problem situation

6. Changes in
systematically
desirabel

\ Real World

System Thinking about Real
World

considered problematic

5. Comparison
of models and
real world

2. Problem
situation
cxnressed

4. Conceptual models of
the system (holon)
named in rol
definitions

3.Root definitions
of relevant
purposeful

activity systems

Fig. 1. Stages of SSNBource: Checkland & Scholegk990)

Soft system methodology (SSM) developed byimprove something better. Changes proposed
Checkland irthe 1980s as a process of researcly the SSM can be a strategic issue or at the
and study measures to improve the situation obperational level in social problerfig. In the
unstructured problems where issues are vagu8SM approach, ane illustration of the
perceived but not clear. SSM is an organizednteractive process covered in seven stages.
way to handle a situation of social problems.Those stages are: a)( examining the
SSM approach is the intellectual toolsed to  unstructured problems (Rich Picturefb)
design and implement changes in the sociaéxpressing the problem situation (cultural
issues of the reality/reality in ways it needed toanalysis);(c) establishing the definition of the
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problems assodied with problem situations still applying the oldmodest system, so did the
(CATWOE); (d) building conceptual models harvest and podiarvest activities.
(HumanActivitySystenrHAS); (e) comparing Due toa number ofabour costs to be incurred
conceptual model with problem situatiofi) by farmers for the harvest and pbstrvest, the
establishing a feasible and desirable changesnajority of them choose systems to harvest as
(g) taking corrective action on the problemsfollows: (1)ljon systen{bondng system)as a
[4]. Stages in detail can be seen in Figure 1. system of debt confinement by which the
transaction is carried out during the mango

RESULTS AND DISCUSSIONS plants are in bloom with the calculation
through an assesemt of mango tree per unit,
Mango Cultivation Agribusiness (2)Tebasan system (slash system) this

Majalengka regency is one of the centers oharvesting system is execdtby purchasing at

mangoes production in West Java provincethe time young mangoes has been formed
The main mango species developed in thevhich make it easier for farmers and buyers to
central areas arblarumanismango,Gedong set the price. However, there is a delay in
Lipstick, Golek, Cengkirand others. Among payment to the farmer due to the traders who

those, Gedong Lipstickmangois a superior waitf or t he payment from

product in the region that has the competitivewholesalers. Thé&armers find no objection for
value which is expected to increase the incomsuch systems because they have already
of mango farmers who cultivate it. Cultivation established business ties with traders villages
of mango agribusinesss still considered and wholesale traders. There is even a close
modest starting from maintenance activities,attachment when farmers need capital for their
harvest, posharvest to marketing. In general, mango farming and the wholesalers
it is a plant that has been cultivated since longmmediately give them which also means
ago, while a process of planting new mangandirectly bind them for their mango
can be regarded as a complete stage of mangoarketing. That way, the farmers have a very
agribusinesg1]. low bargaining position because the price for
Since 2001, there is an enactment of leadingnango selling can only be determined by the
commodities in Majalengka, one of which is buyer, in this case, those traders or
fruits including mang&edong lipstick, durian wholesalers.
(king of fruit), banana, and avocado; all basedn gereral, marketing on mango crops
on the suitability ofagroecosystenin each established through linkages between traders
region of devapmentproduction center. orwholesalers and farmers which have already
Since the establishmenintil now Majalengka been patterned before, despite there is a higher
becomes one of the central areas of mangoes price offer. This is due to the dependence
West Java and it has become the plant that theslationship and habit among actors time
public interest to cultivate, although there aremarketing. the farmers find it rather hard to
still many farmers who undertake mangdyon sells products by themselves since titaelers
as secondary crops. However, there are alsor wholesalers actively approach farmers,
some farmers who have started toespecially those who desperately needs money
commercialie this mango crop in semi for their business or familyeeds. They would
intensive planting system, even monocultureborrow money from thataders or wholesalers
cropping pattern has alreadgreadn the area by installments and make obvious attachment
of wetland and upland. Nevertheless, byand dependence to them. Similarly, the
overviewing the general conditions on the provision of pesticides/insecticides is also
ground, most of the mango farming has notobtained from traders/wholesalers.
been carried out intensively for commercial Soft Systems Methodology (SSM)
purposes. In mango cultivation, activities Actual Condition
starting from maintenance such as landA complex problem is adiimark of business
clearing, fertilizing, and pest eradication areactivity, including in mango agribusiness
supply chain. It occurs due to the interaction of
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the various actors in this business fromf ar mer s/ f ar mer s 0 group
upstream to downstream, as well as thecompanies or structured market which
unsustainability of mango production which previously established in 2008T. Indo Fresh
failed to meet the pdicted increase in market was purchasing mango and provided guidance
demand and cause fluctuating price. Toto mango farmers in maintenance activities in
overcome the unsustainability of mangocollaboration with the Department of
production due to the fact that it is a seasonafgriculture, although this cooperation is still
crop, off seasontechnology is now widely limited to the types ofsedong lipstick mango
applied, except for the mango farmers in[1]. Unfortunately, that cooperati@mly lasted
Majalengka since #y havea limitation in  for a year because the two parties did not meet
human resources and capiteimited human the commitment of the partnership agreements.
resources management, implementation oRich Picture

modest technology, and limited capital in Rich picture is used to understand the
mango cultivation cause for modest activitiescircumstances of the problems from various
from maintenance tbarvestingvith low result  perspectives, structure, process activities in
product qualiy as well. In addition to small agribusness  mango  cultivation, the
guantity products whichavenot been able to relationship,and conflict between the actors
meet the predicted increaisemarket demand, involved whereby such abstract things are
the | ow quality i s aisulzed by méaascot symboRclH pictirea r me r s
inability to enter the structured market, that isis the result of supply chain mapping that has
a definite pattern of purchase markeith  been done through external validation of
pricing contractssuch as industrial companies, focusal group discussianThe rich picture
supermarketsand export. Accordingly, there below shows the activites in mango
is no recent partnerships betweenagribusiness.

Supporting Department of
Industries agriculture

L /

Farmer [+ & -+ Processing

l Wholesalers fndustry
o 2@
W
Y!f

Farmers

Supermarket

Collecting

mer chants Traditionel

market traders

Exsporter

Banking and Finacial
Ingtitutions

Notes :A : cash flow
A:the productionbés stream
Fig. 2. Rich Picture of Mango Cultivation
Source: Primary data, 2014, Proses

Figure 2 shows that the whole picture ofsupply chain of mango consists of supporting
activities in mango cultivation begins with the industry (in this case is amput provider or
identification of mango farmers incorporated mango seed suppliersaprotan (agricultural

in a farmer group. Actors involved in the inputs) store asagro input sellers which
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generally facilitated by traders (big and smallthen identifiedthe structures and roles, the
ones) or wholesalers who come and activelyelationship between the role of stakeholders,
approach mango farmers to buy their productyvalues and also normpl]. Cultivation of

to the extent D creating dependency in mangoes in the research area showed an
purchasing and selling engagement througlunoptimized development which can be seen
finance for mango cultivation, and the from the maintenance which is still not in
involvement of various parties including accordance with the Standard Operating
Department of Agriculture, Department of Pracedure (SOP), for example, pruning the
Trade and Industry, banks and other financiayoung plants with patterns of 1, 2, and 3,
institutions.Usually,mangoes from farmers or namely one main stem with two buds and each
farmer groups go directly to traders orbud consists of three branches. The same thing
wholesalers, and wholesalers would directlyhappens in the harvest and pbatvest
deal with buyers such as supermarketsactivities with an unoptimized applicatiayf
traditional markets, exporter (abob%), and technology. Based on that, it is necessary to
to the processing units which still a little in take a model of development in mango
number. agribusiness to maintain its sustainable
CATWOE Analysis Based on Transformation production.According to CATWOE analysis
Problems existing in the operational of mangoresults, an assessment is formed to produce a
agribusiness are studied and analyzed byormulation in making changes by comparing
CATWOE to transform the events by means otthe model with the actual occurrences in the
dialogue and direct observation in the field,reality/reality.

Table 1. Actual Condition in Mango Agribusiness Cultivation

Process of Activities inMango | Actual Condition in Mango Agribusiness Cultivation
Agribusiness Cultivation

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

Harvest and podtarvest It is still modest with confinement systemljgin andTebasan

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

Capital There is no adequate capital assistance and still aelythe loan from

collectors, traders or wholesalers. There is also barely interaction be
farmers and banks or other financial institutions. °

Partnership There is no reconnectiorfcollaborationwith industrial companies or expor

Farmer groups It has notakena role as a medium of information and communication, m
coaching, consulting and marketing.

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

Payments from tradeBandar There is a payment delay.

Wholesalers

Continuity of production Uncertainty of production sustainability

Source: Primary data, 2014, Processed

Based on Table ,1the actual conditions Tebasarsystem is the need for fast cash and
associated with the results of studies in theavoidinglabour expenses aride highcost of
field, the unoptimized of mango cultivation harvesting[9]. It is in contrast to the study
can be seen in theesearch area resulted  which explained that farmers will obtain higher
manythings that should be managed properlymango prices and market certainty if they sell
Modest maintenance is still applied withouttheir mangoes to AMM (Association of
complying to mango cultivation SOP with Farmers and Mango Merchants)but
harvest and podtarvest confinement system overviewing from the field, there are only

of ljon and Tebasan Mango farmers in few farmers join tis institution. Partnerships
Indramayu sell theiproducts usingrebasan that ever existed in 2005 has not yet been re
system witha priceof around 73.3% lower established in present time and makes mango
than the actual price and sell the remaining omarket limited to traders axholesalersonly
their own harvest to the collector. Factors[8]. Viewing from the needsnierests, and

affecting farmers to choos® harvestwith  benefits, this partnership is very important and
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should be established in the business worldthis technology stilfelies on nature compared
The partnership has great benefits which aréo users in Cireborfanother district in West
improving access to capital and productionJava) who has already implemented the
factors, increasing market access,technology for quite some time. Th# season
implementing the recommdad technology, technologyemphasizesmore to stimulating
and managing risk better. In agribusinesdlowers as well as plant growth regulator,
system, the partnership is crucial since it can balanced fertizer, and pruning. However, the
unite the farmers from various sggstems of farmers still take into account the costs they
production and other swtystems with the incurred to the risk ofailure and the skilkhey
hope of improving the efficiencproductivity, have[8].

and income ofarmers Cultural Analysis

The implementation obff seasortechnology Cultural analysis viewed intervention as a
to maintain continuity of supply can not be problem and identification as follows: structure
done in the research area. It can be appliednd oles intervention, relationship seen from
since February to Juneach yearso that the that values, norms, and roley.

mango production is sustainable. Currently,

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

No. | Aspects Related to| Descripton, Condition andDrivers in The Development of Mango Agribusiness
the Development of
Mango
Agribusiness
1 Client Mango farmers, farmers' groups, traders, wholesalers, Department of Agric
user/consumer, business processing
2 Aspiration clients | To produce sustainable mango productiptimally with good quality

3 Troubleshooting To optimally manage mango cultivation through guidance to the farme
implement the technology complying to SOP and enhances particip
collaboration amongstakeholdersn an effort to reestablish parterships with
industry, and also increasing market access and maintaining the contind

mango supply througbff seasoriechnologyapplication

4 Resources The increasing trend of market demand both local and export, mango farme
Availability farmer groups
5 Constraint Un-optimized management, less market access, partnerships aiemot yet
been established with market access, including the processing industry
6 The cause of Lack of collaboration and coordination among actohsctv formed uroptimized
Constraints management of mango agribusiness and there is no strong institutions to bri
interests of farmers
7 Implications of If collaboration among parties involved in mango agribusiness can be imp
selected issues with optimal management and better technology implementation, it will cr
production sustainability with better quality
8 Reasongletermine | There is no partnership established yet which makes farmers have less
the problems access. Unsustainable productiomdathe absence of mango process
management resulted in-4aptimized income for farmers
9 A positivevalue of | Ensuring the continuity of mango production with better quality and more s

the problem

market access through partnerships to set statdesp and also the formation
farmer institutions in bridging the a r mieteredts in hopes for mango farme
welfare guaranteed

Source: Primary data, 2014, Processed.

Structure and Role Intervention

also one othe superiocommodities that will

be developed nationally. Nevertheless, the
Norms predicted increasa market demand has not
Mango is a potential commodity to be been used weby mango farmers. Cultivation
developed as it is predicted to havararease of mangoes are still facing many problems:
in market demand. It is management that has not been optimally
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developed, low quality product with sustainability of the mango production in an
uncertainty in the continuity of production, effort to meet the demand of both domestic and
farming implementation that has not beeninternational markets which predicted to rise
complied with standrdized operational by establishing a good anf@ir partnership
procedures, institutional support for farmersentanglement. The attitudes of the actors
which have not yet formed an optimal way, theinvolved, the skills and culture, especially of
partnership that has not been reestablishednango farmers and stakeholders are
farmersdéd | ack of ski tohsiddred toalpepd Wwiggergin predactiomo | o
for maintenance and mango production,discontinuity which should be controlled by a
harvesting angostharvesting. Collaboration varietyof activities in mago cultivation.

and coordination among actors have not beeRelevant Modelling System

going well. Based on those issues, it is obvious-ormulation of Efficacy, Efficiency,
that the sustainability of production has notEffectiveness Ethicality , Elegance(5E)

been running well and farmers still do not haveFormulation of 5E is an activity of evaluation

a proper bargaining position. There m® by planning agribusiness activities in the
harmonization of the roles of actors involved inattainment of mango cultivation in accordance
the mango agribusiness according to valuesvith the desired transformation

and norms that may have previously been irHuman Activity System (HAS)

agreement among actors towards advancebh Human Activity System, there is an
mango agribusiness and production continuityinvolvement of activities among the actors of
to increase far mer s 6 mamd dgebusimess which is needed to reach
Root Definition transformation process, namely to increase
Mango agribusiness cultivation should production sustainaly through proper and fair
continue to be developed to ensure theartnership (Fig.3.).

Table 3. Formulation dEfficacy, Efficiency, EffectivenessEthicality, Elegance5E)

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 proce
(SOP) of the proper mango cultivation

3 Effectiveness Mango cultivation is optimally planned to ensure the implementation of a com
mango agribusiness system

4 Ethicality Mango agribusiness management through farmer groups does not reduce th
of farmers to determine their mango cultivation

5 Elegance Activities in mango cultivation optimally carried out with consideration of
principle of productin sustainability to achieve tliesiretransformation

Source: Primary data, 2014, Processed

FPrice transparency to Integrated gowverntment
all actorsin mango regulations
busziness

Y To establish and strengthen the Dissemination of

itformation on matizo

suppottinginstitutionals of
P g cultivation

matgo agribusiness

L control on production

activities . hatvest

MMonitoring and
adjustitig to “5E”

atid post-harvest

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

Activities on the Yes/ How Who? Good/ | Alternative
Model No Bad?

Transparency off No Farmers through farmer groug Farmer, farmer| Good | Involvement of mangqg

prices to all actors o involved in determining theg groups, traders o farmers in pricing after

mango business| price, but at present farmers a wholesalers purchase and sale agreeme|

mainly farmers never involved in price especially after farmers wer|
determinatiordone by traders o given loan by the
wholesalers wholesalers

To control the| Not Farmers through farmer groug Farmers, farmerl Good | There should be re

maintenance have to make sure thg groups, traders establishment of

activities, production, production process is don (collector), partnerships with industry

harvest, and post according to the standar wholesalers

harvest operating procedures (SOP)

To establish and Currently | There is agreement to form | Farmes, farmer| Good

strengthen the no cooperative to support mang groups, local

supporting business activities govenment

institutional in mango

agribusiness

Integrated No Government 6s Farmes, farmer| Good

government policy to regulations should support th groups, traders

all actors involved in development of mangq locatgovernment

mango agribusiness agribusiness as a comple
system

Dissemination of| Yes, There should be a motivation § Farmes, farmer| Good | Guidance for farmers fron

information and| it exists | hold a meeting between farme| groups, related agencies t

technology related tg and farmer groups to apply th the govenment, implement the productior

mango agribusiness technology according to SOP | (the relevant technology, = maintenancg

offices/ harvesting, and postarvest
agenciep

Source: Primary data, 2014, Processed

Table 5. Formulation Changes Process of SBMlango Agribusiness Cultivation

Activities Is it Is it can Possibility of Real Action
necessary? | be done?
Transparency of prices to all actors involv| Yes It can Coordination among parties involved should be optimize
in mango businesses maintairing justice/fairness for all
Procurement of agricultural inputs Yes It can To optimize the coordination and coltaation between farme
especially for fertilization and pest contri groups and companies supplying inputs
plant diseases managed by farmer gro|
through cooperation with companig
supplying inputs
To establish and strengthen the support Yes It can Motivated to form a cooperative bsdging facilitiesof farmers
institutionsof mango agribusiness in managing saprotan (agricultural inpts), capital,
development, and implementation of technology through
adoption of innovation to improve mango agribusiness bett
Control of activities on maintenanc Yes It can Involving farmers, farmer groupsooperatives (soon to b
production, harvesgnd postharvest formed), universities, companies inputs, related agencies w
would be more active in their role to perform optimal g
intensive coaching and mentoring
Through collaboration and coordination among relevant pa
which can madvate farmers to implement the technology w|
proper SOP and apply that technology for sustainability
production
Integrated relevant government policies g Yes It can Consultations and hearings of ifi@ers, farmer groups an|
regulations in the system of mang parties involved in related activities of upstream ¢
agribusiness downstream of mango businesses, viewed from the need
policies, and also a proactive of government role to
activity. Coaching and motivating to #establish a partnengp
with industrial firms Policies on financial management throu
access to capital for mango farmers
Policies to access mango market
Dissemination  of information  an( Yes It can Optimizing a meeting among theanties through coaching
technology related to mango agribusinesg mentoring, counseling, guidance, seminars on optimij
business management
Optimization of the coaching and mentoring in technolog
innovation according to SOP
Guidance and advisory services related to management @
stockin the warehouse to maintain continuity of supply

Source: Primary data, 2014, Processed
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Model Comparison with the Reality involved in mango agribusiness. They can be
Stakeholders or actors involved in mangoseenn Table 5

agribusiness performa comparisonof the Taking Actions and Implications Research
conceptual model between human activity Based on the angis and assessment of the

system wih the reality. stakeholders either as actors and parties
It can be seen ia varietyof questions in Table involved in mango agribusiness and have also
4. been through a description of: (i) rich picture,
Formulation Changes (ii) cultural analysis of stakeholders and

By examining the phenomenon in thedecision makers, (iii) the definition system of
reality/reality and overviewing rich picture, some relevant/ CATWOE, (iv) modelling system
formulations of the desired changes whichrelevant to the concept of human activity
considered culturally relevant and system (HAS), (v) comparison of conceptual
proper, meaningful and considerably meet thenodel with the reality, (vi) the formulation of
needs of stakeholders were obtaifigld These improvement. The final stage of activities or
changes can be carried out by the stakeholdelsisiness actions submitted to stakehisab
mangoagribusiness cultivation

Department of
Agriculture

Stock management with
modern warehaouse

lasitities

the Bank
U PANDAI

Bank Capital
Loan

Note: Laku PandaiFinancial Service AuthoritfFSA) service model (without office).
Fig. 4. Development model of mango agribusiness
Source: Primary data, 2014, Processed
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