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FOREWORD

| am pleased to put into the hands of readers VVolume-4; Issue-5: Sept-Oct 2019 of “International Journal
of Environment, Agriculture and Biotechnology (IJEAB) (ISSN: 2456-1878)”, an international journal
which publishes peer reviewed quality research papers on a wide variety of topics related to Environment,
Agriculture and Biotechnology. Looking to the keen interest shown by the authors and readers, the
editorial board has decided to release issue with DOI (Digital Object Identifier) from CrossRef also, now
using DOI paper of the author is available to the many libraries. This will motivate authors for quick
publication of their research papers. Even with these changes our objective remains the same, that is, to
encourage young researchers and academicians to think innovatively and share their research findings with

others for the betterment of mankind.

| thank all the authors of the research papers for contributing their scholarly articles. Despite many
challenges, the entire editorial board has worked tirelessly and helped me to bring out this issue of the

journal well in time. They all deserve my heartfelt thanks.

Finally, I hope the readers will make good use of this valuable research material and continue to contribute
their research finding for publication in this journal. Constructive comments and suggestions from our

readers are welcome for further improvement of the quality and usefulness of the journal.

With warm regards.

Editor-in-Chief
Date: Nov, 2019
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Abstract— Some weeds that have been reported to have allelopathic potentials are always found in association with
field crops. This association might be inhibitory or stimulatory, some of these weeds however have the potentials of
becoming invasive under certain cropping system and environmental situations. The objective of this study was to
evaluate the most effective aqueous extract from three vegetative part of Lantana camara on seed germination of
maize. An in vivo, experiment was conducted to study the effect of water extract of leaf, stem and root of Lantana
camara on the germination of maize, in a completely randomized design with three replicates. Three concentrations
(10%, 20% and 40%) of each ground plant parts were studied with distilled water used as control. The aqueous
extracts of the plant parts and control were used to germinate seeds of Maize (DTE-YSTR) in petri-dish with 5ml of
extracts administered to each petri dish. Data were collected on number of germinated seeds daily, from 3 Days after
Sowing (DAS) to 8DAS. Also length of plumules and radicles were measured and recorded at 8 DAS on five randomly
selected germinated seeds. Data were analyzed by ANOVA and the means separated using the Duncan’s Multiple
Range Test (DMRT). Results showed that germination percentage, mean radicle length and mean plumule length
decreased with increasing concentrations. Reduction in germination, length of radicles and plumules was more

pronounced in the leaf extract.

Keywords— Lantana camara, allelopathy, maize, leaf, root.

l. INTRODUCTION

Generally, plants interact with others in natural
environment; sometimes an individual plant can have a
depressive effect on its neighbors. [12] described the
adverse effect of a neighboring plant in association with
others as interference. Interference is the association
between two organisms in which one or both suffer(s) some
set back, this includes Competition, Parasitism and
allelopathy. According to [17] the potential causes of
interference  include; Allelospoly (competition) the
depletion of one or more resources required for growth
while Allelopathy is the addition of chemical toxins by one
or more species in association. The term "allelopathy" was
proposed for expressing the harmful, stimulatory effects
that one plant species has on another through the formation

www.ijeab.com

of chemical retardants escaping into the environment [11].
The International Allelopathy Society [7] defined
allelopathy as any process involving secondary metabolites
produced by plants, micro-organisms, viruses, and fungi
that influence the growth and development of agricultural
and biological systems, including positive and negative
effects. Chemicals released from plants that impose
allelopathic influences are termed allelochemicals or
allelochemics or allelotoxins [5]. These chemicals are
present in different parts of plants like stem, leaves, roots,
flowers, fruits and seeds [15]. These allelochemicals are
released from the plants by volatilization, leaching,
exudation and decomposition of plant residues [16].
Lantana camara, one of the world’s 10 worst weeds was
introduced in the Indian subcontinent during the early part
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of the nineteenth century [3]. The weed is aggressively
growing in forest, tea garden and wastelands of the country
[1]. This obnoxious weed poses a serious problem to flora
and fauna because of its toxic substance and it contains
certain allelopathic compounds [8]. Although several
researches have so far worked on the invasion and
allelopathic effects of Lantana on various agricultural
crops [3].

1. MATERIALS AND METHODS
2.1. Receptor crop
The maize seeds variety DTE-YSTR was the test crop and
was collected from Institute of Agricultural Research and
Training (IAR&T) Ibadan.

2.2. Donor plant

In the experiment, L. camara was the donor plant,
while stem, leaf and root aqueous extracts were used as the
allelochemical.
2.3. Preparation and application of aqueous extracts

The aqueous extracts were prepared following
Edrisi method [4] with modifications. The collected plant
materials were sorted into three parts (root, stem and leaf)
and air dried in the laboratory at 25°C for twenty one days.
The air dried plant materials were then ground with
Thomas, bench top milling machine and stored away in well
labeled envelopes. The ground plant materials were
weighed 10g, 20g and 40g then soaked separately in
distilled water made up to 100 ml in beakers to have 10%,
20% and 40% (w/v) concentrations respectively. The
beakers were covered with aluminium foil and extraction
was kept on at room temperature (25°C) for 24 hours, when

extracts were obtained by filtering with a muslin cloth. The
experiment was laid out in a Completely Randomized
Design (CRD), with the control treatment being distilled
water. The treatments were replicated three times. The
allelopathy was separately compared by plant parts. Ten
(10) seeds of the test crop were placed in petri-dishes lined
with Whatman No 1 filter paper and 5ml (milliliter) of each
treatment was applied to each petri-dish using a syringe.
The seeds were observed for germination, by the protrusion
of radicle and plumule. Germination was observed on daily
basis for eight days. On 8 DAS the number of seeds that
germinated was counted in each of the treatment for the test
crop. Also, at 8 DAS the length of plumules and radicles
was measured (using meter rule). Five germinating seeds
were randomly picked in each petri-dish for the later
measurement.

1. RESULTS AND DISCUSSION
3.1. Germination of maize seeds exposed to varying
concentrations of leaf, stem and root aqueous extracts of
Lantana camara.

Germination of maize seeds exposed to varying
concentrations of plant part aqueous extracts, comparing the
extracts to control (distilled water), germination decreased
with increasing concentration of aqueous extract.
Germination varied from 56.7% in the leaf extract, to 73.3%
at 10% concentration in stem and root vegetative part
(Table 1). |Inhibition increased with increase in
concentration, leaf extract shows higher inhibition at 20%
and 40% concentration level (26.7% and 16.7%) compared
to stem and root extracts.

Table 1: Germination percentage of maize seeds treated with varying concentration of stem, root and leaf extracts of Lantana
camara at 8 DAS.

GERMINATION (%)

TREATMENTS LEAF EXTRACTS STEM EXTRACTS ROOT EXTRACTS
Control 100a 100a

L. camara 10% 56.7d 73.3c

L. camara 20% 26.7e 61.2e

L. camara 40% 16.7f 47.0g

Percentage values with the same letters under a column are not significantly different according to Duncan's Multiple Range T est

(DMRT), at 5%level.

3.2. Effects of aqueous extract of plant parts on radicle
length (cm) at 8 das
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The treated maize seeds at different concentrations
of aqueous extracts have significant difference on the
radicle length, recording 6.05+0.44 cm in leaf extract at
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10% but varied from 8.04+0.60 cm and 7.80+0.60 cm in
stem and root extracts respectively (Table 2). At 20% and
40% concentration, the leaf extract radicle length was not
statistically different from the stem and root extract.

Reduction in radicles length increased with the increase in
the concentrations of the extracts thus suggesting that the
effect of the extracts is concentration-dependent.

Table 2: Mean radicle length of germinating maize seeds treated with varying concentrations of leaf, stem and root aqueous
extracts of Lantana camara at 8 DAS.
GERMINATION (%)

TREATMENTS LEAF EXTRACTS STEM EXTRACTS ROOT EXTRACTS
Control 12.00a+0.00 12.00a+0.00 12.00a+0.00

L. camara 10% 6.05c+0.44 8.04b+0.60 7.80b+0.60

L. camara 20% 5.00+e0.44 5.74e+0.05 6.10e+0.44

L. camara 40% 4.04d+0.44 5.30d+0.44 5.16d+0.44

Ccv 13.61 14.57 13.72

Values with the same letters under a column are not significantly different according to Duncan's Multiple Range Test (DMRT),
at 5%level

extract to 5.60.00+£0.33 cm and 5.52+0.33 in stem and root
respectively (Table 3).

Less reduction in length was recorded in stem aqueous
extract at 20% and 40% concentration.

3.3. Effects of aqueous extract of plant parts on plumule
length (cm) at 8 das

The plumule length of the germinated seeds of
maize varied among the various vegetative parts at different
level of concentrations, recording 4.00£0.00 cm in leaf

Table 3: Mean plumule length of germinating maize seeds treated with varying concentrations of leaf, stem and root aqueous
extracts of Lantana camara at 8 DAS.

PLUMULE LENGTH (cm)

TREATMENT LEAF EXTRACTS STEMEXTRACTS ROOT EXTRACTS
Control 7.77a.£0.00 7.80a.£0.00 8.00a.£0.00
L. camara 10% 4.00c.+0.00 5.60b.+0.33 5.52b.#0.33
L. camara 20% 3.50d.+0.88 4.55¢.+£0.33 4.35c.+£0.33
L. camara 40% 2.06e.£0.88 3.46d.+0.88 3.44d.+0.88

CV (%) 11.37 9.50 11.16
Values with the same letters under a column are not significantly different according to Duncan's Multiple Range Test (DMRT),
at 5% level.

V. CONCLUSION extracts could be due to the large amount of allelochemicals

Many plants and their root residues have been
reported to have allelopathic effect on agricultural crops
[18]. Studies have been carried out on the effects of
allelochemicals released by root, leaves, stem, fruits and
other parts [16]. The present study revealed that aqueous
extracts of the selected weed specie L. camara contained
water soluble allelochemicals which cause inhibitory effects
on germination and on germination attributes. The aqueous
leaf extracts showed higher inhibitory effect on the seed
germination with increase in concentration. Effects of leaf
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present in the leaf [9]. Inhibitory effects increased with
increase in concentrations. This study shows that the leaf
extracts of L. camara showed significant inhibition of
maize seed compared to the control treatment at all
concentrations. This is a confirmation of observation of [1]
on allelopathic effects of L.camara on some agricultural
crops.

Results obtained from this work are similar to
that of other researchers, in relation to inhibitory effects of
leaf extracts of Ageratum conyzoids on seed germination of

Page | 1306


https://dx.doi.org/10.22161/ijeab.45.1
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

https://dx.doi.orq/10.22161/ijeab.45.1

Vol-4, Issue-5, Sep-Oct- 2019
ISSN: 2456-1878

rice [10]; [14]. [6] reported that Chromolaena odorata
allelochemicals inhibit the growth of many plants in
nurseries and plantations. [13] have demonstrated that
aqueous extracts of leaf and shoot extract of T. diversifolia
was inhibitory to the germination and growth of
Amaranthus cruentus. However, results suggest that
reduction in geremination, radicle and plumule length was
more pronounced in the leaf extracts from L. camara than
stem and root aqueous extracts. Similar observations were
made by [2] on wheat. Based on the result obtained from
this research on the allelopathic potential of the selected
weed specie, Lantana camara leaf extract showed higher
allelopathic potency, even at low concentrations and should
be carefully removed during land preparation and
cultivation, to avoid high deposit of residues of various
vegetative parts.
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Abstract— This study analysed crop diversification among rural farm households in Kwande Local Government
Area of Benue State, Nigeria. The study drew a sample of 360 rural farm householdsthrough a multi -stage sampling
technique from 12 communities in four districts of Kwande LGA (lkyurav-ya, Turan, Nanev and Shangev-ya) and
the primary data obtained were analysed using the descriptive statistics, Simpson index and Tobit regression model.
Results indicated that an average farm household head was 42.8 years old and had 4.2 years of schooling. Ninety
three percent (93 %) of the farm households diversified their cropping activities with 51.7 percent diversified into
three or more crops. The Tobit regression results revealed that there were marginal increases in crop
diversification with increase in farm size, gender, access to credit, membership of co-operative and educational
level but crop diversification decreases as farmers grow older in age and farming experience. Policy implications
were drawn for provision of functional social amenities and encouragement of the rural farmers to join cooperative
societies for easy access to loans that promote crop diversification and hence improve the standard of living of the

rural populace.

Keywords— Crop Diversification, Rural populace, Simpson Index, Cropping activities, Household.

I INTRODUCTION

Agriculture is an important sector of Nigeria’s economy, to
the extent that the livelihoods of the majority of the
population depends on it and serves as the main source of
income for the rural population (FAO, 2012). It accounts for
30.9 % of Gross Domestic Product (GDP) and some 5 % of
earning from non-oil exports. There is an agreement
throughout literature that Nigeria’s large potential in
agriculture has not yet been fully exploited (CIA World
Fact book, 2012). Thus, if well managed, the sector would
potentially contribute to substantial improvements in GDP,
employment and tax collections (Food and Agriculture
Organization, FAO, 2005). It is in this regard that the
Nigerian government positions agricultural sector as one of
the driving forces for the anticipated economic growth that
is required to reduce poverty (Delgado and Siamwalla,
1999; Delgado and Siamwalla, 1997).

The agricultural sector in Nigeria can be disaggregated into
three categories; large, medium and small scale. Large
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(commercial) farmers cultivate areas of 10 hectares and
above and are characterized by extensive mechanization,
use of modern technology and management, and the rearing
of exotic breeds of livestock. They also rely on extensively
hired labour. However, nearly two-third of agricultural land
and a large share of the national herd are held by
smallholder farmers. The smallholder farmers are classified
as either small-scale or medium-scale. The former cultivates
land areas of less than 5 hectares, while medium scale
farmers are those that cultivate areas between 5 and 10
hectares. Themajority of smallholder farmer rely on rain-fed
hoe cultivation and the use of unpaid family labour and
focus much of their crop production on rice (especially in
Kwande Local Government Area). Their production also is
characterized by the low use of modern inputs (FAO, 2012;
World Bank, 2012).

Following several years of crop failure due to adverse
weather conditions and poor prices, the government of
Nigeria, through the Ministry of Agriculture introduced a
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programme to promote crop diversification. Diversification
in agriculture could be classified into the following three
categories (Ryan and Spencer, 2001): shift of resources
from farm to non-farm activities, shift of resources within
agriculture from less profitable crop or enterprise to more
profitable crop or enterprise and use of resources in diverse
but complimentary activities. Crop diversification strategy
belongs to the second category and it involves shifting from
less profitable to more profitable crops, changing of variety,
cropping system, increasing exports and competitiveness in
both domestic and international markets, protecting the
environment, and making conditions favourable for
combining Agriculture-Fishery-Forestry-Livestock (Pingali
and Rosegrant, 1995; Kumar and Chattopadhyay, 2010;
Okali, Okpara and Olawoye, 2001). This is a silent
revolution within crop production sector. The motives
behind this silent revolution are livelihood sustainability
through raising the income levels, urbanization expansion,
infrastructural development and trade liberalization policies.
Households diversify as a strategy for coping with an
unexpected shock, or to minimize risk ex-ante by
participating in activities that generate imperfectly
correlated returns (Kumar and Chattopadhyay, 2010).

The crops considered in the diversification programme
included cassava, groundnut, soyabean, sesame (beniseed),
sunflower, bambara nuts among others. The programme
was implemented with the objective of enhancing income
levels, increasing food security and nutrition status of farm
households. It was anticipated that this, in turn, would
enhance the living standards of farm households, while
offering various cropping alternatives to farmers, as
opposed to relying on a single crop namely rice. Among the
additional advantages to the farm household growing more
than one crop is an opportunity to mitigate risks associated
with  crop-specific failure due to adverse weather
conditions, pests and diseases (lbrahim, Rahman, Envulus
and Oyewole, 2009).

It is against this background that this study looked at the
nature and determinants of crop diversification in rural
Nigeria especially Kwande Local Government Area of
Benue State where the Guinea Savannah vegetation and
tropical climate allow varieties of crops to be grown.
Objectives of the Study

The broad objective of the study was to analyse crop
diversification among rural farm households in Kwande
Local Government Area of Benue State, Nigeria.

The specific objectives were to:
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i. describe the socio-economic characteristics of farm
households’ in the study area;
ii. identify the pattern of farm households’ crop
diversification in the study area;
iii. analyse the determinants of crop diversification among
the farm
area;

households’ in the study

1. METHODOLOGY

The Study Area

This study was carried out in Kwande Local Government
Area of Benue State. The Local Government was created in
1976 with Adikpo being the Local Government
Headquarters. The Local Government is predominantly
agrarian and comprises four districts (Ikyurav-ya, Turan,
Nanev and Shangev-ya) with 15 council wards. The districts
are divided on the basis of their socio-cultural and historical
peculiarities.

It covers a geographical land area of 2, 891 square
kilometers. It has a population of 248, 697 (NPC, 2006).
The Local Government is bounded by several other LGAs.
On the West, it is bounded by Vandeikya LGA, Ushongo
LGA on the North and Katsina-Ala LGA on the North-
West. On the South, it is bounded by Cross River State and
in the East by the Republic of Cameroon. Kwande LGA
also shares a common border with Takum LGA of Taraba
State. The LGA has abundant land estimated to be 391,500
hectares. This represents 7.7 % of the state land mass.
Arable land in Kwande LGA is estimated to be 292,300
hectares (BNARDA, 1998). The LGA is predominately
rural with an estimated 80 percent of the population
engaged in rain-fed subsistence agriculture and is popularly
known as the “Ancestral Home of Tiv Nation”. Cereal crops
like sorghum and maize are produced in abundance. Roots
and tubers produced include yam, cassava, sweet potato and
cocoyam. Oil seed crops include pigeon pea, soyabeans and
groundnuts while tree crops include citrus, mango, oil palm,
guava, cashew and paw-paw. Other crops commonly grown
include pepper, tomato, ginger, okro etc. Livestock such as
goats, pigs and poultry are reared in the Local Government
at small- scale and medium scale levels. There are about 40,
000 farm families in the local government (BNARDA,
1998). The weather is marked by a single rainy season
(April — October) and dry season (November — March). The
mean temperature range is 31 °C to 38 °C. As a result of its
mountainous nature and proximity to the Cameroonian
range of mountains, Kwande Local Government Area
usually has cold weather which makes it very conducive to
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traders and investors. The Local Government also has big
streams which could adequately take care of agricultural
and industrial needs.

Population and Sampling Procedure

The population of this study comprised all rural farm
households in Kwande Local Government Area involved in
food crop farming. Multi-stage sampling technique was
used to select 360 farm household heads used for the study.
The first stage involved the purposive selection of four (4)
districts based on the population of food crop farmers in the
study area. The second stage involved random selection of
three (3) farm communities from each of the four districts
selected in stage one. The third stage involved the selection
of thirty (30) farm households from each of the 12 farm
communities selected in stage two.

Data Collection and Analysis

The data collected for this study were analysed using both
descriptive and quantitative (inferential) techniques.The
quantitative techniques employed in the study were Simpson
index and Tobit regression model.

Simpson Index

Simpson index was used to determine the pattern of crop
diversification among farm households. The technique has
been previously used by Roonnaphai (2005), Bhattacharyya
(2008) and Ibrahim et al. (2009) in assessing crop
diversification among farm households. The Simpson index
is presented as follows;

I =1-i=lnAi?
@)
Where Ai= XiXi
@
Where
Xi = planted area of ithcrop, i = 1, 2, 3
...... 6
Ai = proportionate planted area of ith

crop in the total planted.

When | shows a value of zero, it means that the farmer is
least diversified while a value of one indicates the most
(highly) diversified.

The crops planted by farmers in the study area under
consideration include; rice, yam, cassava, groundnuts,
sorghum and bambara nuts. Most farmers cultivated at least
two of these crops (diversified) while those that did not
diversify cultivated only one crop.
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Tobit regression model

The Tobit model was considered the most appropriate in
this study because some farmers that highly diversified in
specified period may not diversify during the period
covered by the survey because of the prevailing crop price,
pressure from farm work, health and many other possible
factors. Also, conventional regression methods fail to take
into account the qualitative difference between zero and
continuous observation. Therefore, Tobit model assumes
that all zeros are attributable to standard corner solutions.
As such, zero observations are accounted for and the
censored regression provides a more accurate estimation.
The Tobit model for the analysis of the determinants of crop
diversification takes the following specifications;

li*= Li +ii ~N (@O, 2 3
li= Ii*if 1i*>0

Where Li is the explanatory variable, i is the standard
cumulative normal with mean zero and variance 2.

Where li = crop diversification (Simpson index values,
representing the crop diversification index, where 0 | 1; as
provided in crop diversification result.

According to Dougherty (2007), the dependent variable in
this kind of model is subject to both the lower bound D and
upper bound Duy. in the case of both lower and upper
bounds, the model can be characterized as;

li*=1+2Li +i
I=I*for I*>1I_
I=1I. for I*I.

The model is known as a censored regression model
because I* is unobserved for I*< I_or I*>ly. Itis
effectively a hybrid between a standard regression model
and a binary choice model, and OLS would yield
inconsistent estimates if used to fit this model.

The explanatory variables used include;

L1 = Ageof thehousehold head (years)

L. = Household size (number of persons)

Ls = Gender (Male = 1, Female = 0)

Ly = Farm Experience (Years)

Ls = Farm size (hectares).

Le = Dependency ratio (number of non-working
members/total household size)

L7 = Membership of Cooperative Society (Member =1,
Otherwise = 0)

Ls = Average distance between land parcel (km)

Lo = Access tocredit (Yes =1, No =0)

Lio = Nearest to market (km)

L11 = Education (years)

Li2 = Availability of goodroad (Yes =1, No = 0).
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The i is the model errors which are assumed to be
independent N(O, 2) distributed, conditional on Li’s.

. RESULTS AND DISCUSSION
Table 1 presents the description of personal characteristics
of farm household heads. A large proportion (43.4 %) of the
farm household heads is aged between 31 — 50 years. The
mean age of the household heads in the sample was 42. 8
years. This implies that most of the farmers are still in their

active ages and thus expected to be productive for available
resources. This is against the common reports (DFID, 2004;
Okali, et al., 2001) that there are aging rural farm
population in Nigeria and that availability of off-farm
livelihood options might be necessary to retain youths
within the rural farm sector. Majority (70.6 %) of the
households are headed by Males. This agreed with the
tradition in the North Central part of Nigeria where Males
are expected to be the head of the family.

Table 1: Distribution of sampled farm households by personal characteristics

Variables Frequency Percentage Mean
Age of the Household Head (Yrs)

<30 78 217

31-40 87 24.2 42. 8 years
41-50 69 19.2

51 -60 66 18.3

> 60 60 16.6

Sexof Household Head

Male 254 70.6

Female 106 29.4

Marital status

Single 87 24.2

Married 231 64.2

Divorced 12 33

Widowed 30 8.3

Educational level (Years)

No formal education 66 18.3 4.2 years
Primary education 129 35.8

Secondary education 96 26.7

Tertiary education 69 19.2

Primary occupation

Farming 303 84.2

Trading 24 6.7

Civil Service 27 75

Artisanship 6 1.6

Farm Experience (years)

1-10 75 20.8

11-20 135 375 17.6 years
21-30 93 258

>30 57 15.8

HouseholdSize

1-4 90 25.0

5-8 171 47.5 6.2 persons
9-12 63 175

>12 36 10.0

Source: Field Survey data, 2015
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Majority (64.2 %) of the household heads are married with
an average household size of six members. Spouse and
children are important household family labour in
traditional farming system. In terms of education, the mean
education year of the household heads was 4.2 years with
majority (87.7 %) of the sampled household heads having
formal education. This finding implies that the rural
households may be able to take full advantage of extension
services, thus improving their income generation and
poverty. Farming was the primary occupation of most (84.2
%) household heads with average farming experience of
17.6 years. This conforms with the claim that Nigeria is an
agrarian nation as agriculture was once the main stay of the
economy.
Pattern of Rural Farm Household Crop Diwersification
Table 2 presents the pattern of rural farm households’ crop
diversification in the study area. Majority (51.7 %) of the
respondents are highly diversified, 41. 7 % moderately
diversified while 6.6 % did not diversify.

Table 2: Pattern of rural farm households’ crop

diversification.

Extent of Crop Frequency Percentage

Diwersification (%)
Not Diversified 24 6.6
Moderately diversified 150 41.7
Highly diversified 186 51.7
Total 360 100.0

Source: Field Survey data, 2015
Those that are highly diversified cultivate at least three
crops, those that moderately diversified cultivate at least

two crops, while those that did not diversify cultivate only
one crop among the six crops studied. Most crop farmers in
the study area did not depend on one crop because of risk
associated with market price fluctuation, drought, excessive
rainfall, fire, climate change etc. This strategy is adopted to
ensure secured livelihood. In all, 934 % of the farm
households diversified their cropping activities.
Determinants of Crop Diwersification

Table 3 shows the results of the Tobit regression analysis of
the determinants of crop diversification among the farm
households with the sigma value and log likelihood function
showing that the model is of good fit reasonably at p < 0.01.
Table 3 revealed that age, household size, farming
experience, gender, education, access to credit and
membership of cooperative were the main albeit significant
factors that determine crop diversification among farming
households in the study area. Farming households’ crop
diversification level significantly increased with gender,
farm size, access to credit, education and membership of
thus confirming that households’ crop
diversification was driven by larger farm size, higher level
of education, and farmers participation in social group. An
increase in farm hectarage, educational level of farmer,
access to credit and being member of cooperative increase
the crop diversification level of the household by 0.37, 0.81,
311 and 0.55 respectively. This implies that farmers
involved in crop diversification for the following reasons; to
ensure secured livelihood for the teeming household
members, availability of farmland, awareness of the
economic potentials of such practice (education) and easy
access to loans.

cooperative;

Table 3: Estimated Tobit regression results on determinants of crop diversification.

Variable Coefficient Marginal Effect T-value
Constant -2.264 -1.811 - 1712

| Age | -0.065* | -0.062* | -1.748 |
Household size -0.188** -0.011 -1.034

| Gender | 2.449* | 0.092* | 1.723 |
Farming BExperience -0.045*** -0.002*** -2.087

| Farm Size | 0.365* | 0.018* | 1354 |
Dependency ratio -0.101 -0.096 -0.229

| Membership of cooperative | 0.553* | 0.059* | -1.368 |
Average distance between land parcel  0.329 0.312 0.658

| Access to credit | 3105 | 0.117* | 1678 |
Nearness to market -0.507 0.024 -1.917

| Education | 0.810%** [ 0.020%** [ 3012 |
Availability of good road 0.352 0.334 0.938
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| Sigma

| 0.1645%**

Log likelihood

-83.568

Source: Field Survey data, 2015

* Statistically significant at 10 %
** Statistically significant at 5 %,
*** Statistically significant at 1 %,

The responses of the farmers’ age, household size and
farming experience to the level of crop diversification were
significantly negative; thus signifying that farm households’
crop diversification decreases as the farmers get older in age
and farming experience by 0.065 and 0.045. Experience is a
function of age. Thus, in many cases the aged farmers are
more experienced in farming but less diversified because of
old age. There was a significant negative relationship
between household size and crop diversification because
due to scarcity of land in the study area, an increase in
household size tends to affect the farm size available for
crop diversification. The marginal effects for significant
variables showed that the crop diversification has
decreasing effects of 0.062 and 0.002 as the farmhousehold
heads grow older in age and farming experience
respectively while crop diversification has decreasing
marginal effect of 0.011 as the household grows in size.
Also, there were marginal increases in crop diversification
by 0.092, 0.018, 0.059, 0.117 and 0.029 with an additional
increase in gender, farm size, membership of cooperative,
access to credit and farmers educational level respectively.

V. CONCLUSION AND RECOMMENDATIONS

Based on the findings of the study, it could be concluded
that most farm household heads in the study area are still in
their active age. Thus, they are expected to be productive
for available resources. Majority of the farmers had formal
education and diversified their livelihood and economic
activities. The Tobit results revealed that there were
marginal increases in crop diversification with increase in
farm size, membership of cooperative, access to credit,
farmers educational level and gender but decrease with age,
farming experience and household size. The policy
implications and recommendations from this study include
provision of enabling environment for the formation of
cooperative societies and encouragement of farmers to join
the existing cooperative societies. There is need for
government to consider undertaking policies that will
improve farmers’ access to and control overland such as
provision of ranches to avoid conflict between crop farmers
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and herdsmen. Government should work towards the

expansion of infrastructures like road network, marketing

and storage facilities which are important preconditions for

the diversification of crops and are crucial in ensuring

sustainable income and employment among farmers.
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Abstract— An experiment was conducted to compare the effect of sugarcane distillery waste (stillage) and
chemical fertilizer (N:P:K; 2:3:2 (22)) on theyield of butternut squash (Cucurbita moschata) grown under rain-
fed conditions at Tambankulu Estates in the north eastern Lowveld of Eswatini. The experiment was run for a
period of two years. Three levels of fertilizer, 43 kg, 86 kg and 129 kg and three levels of stillage 296 liters, 585
liters and 876 liters were applied to plots each measuring 450 m2.Yield (fruit weight) and fruit size (fruit length
and diameter) characteristics were measured at harvest. Data was subjected to the analysis of variance as per
the design of the experiment. Yield and fruit length showed highly significant differences between the factors
and levels whereas there were no significant differences in diameter. The highest yield of 960 g/fruit was
recorded for stillage when applied at 585 liters followed by the highest concentration of 876 liters that yielded
950 g/fruit. The lowest level of fertilizer yielded the lowest yield of 721 g/fruit, with the two higher levels of
fertilizer yielding the same 810 g/fruit. The control treatments with no fertilizer or stillage yielded the same
lowest yield on average 550 g. The results of the experiment show that distillery waste (stillage) can be
effectively used in the production of butternut squash in place of2:3:2 (22) fertilizer.

Keywords— Sugarcane stillage, fertilizer, butternut squash.

l. INTRODUCTION

Butternut squash (Cucurbit moschata) is an important
summer commercial crop grown by smallholder farmers
in Southern Africa and is a type of winter squash
(Department of Agriculture, Forestry and Fisheries,
2011). Butternut squashes are increasing in popularity
because the opportunity of production and keeping of
quality are good and sunburn is not a major problem. The
harvested fruit is hardy and can be left on theland for a
month or two. It has a sweet, nutty taste similar to that of
a pumpkin. It has yellow skin and orangefleshy pulp.
When ripe, it turns increasingly deep orange, and
becomes sweeter and richer with time. It grows on a vine
which a plus for farmers since local material could be
used.It is the most commonly and regularly grown
delicious vegetable among the cucurbits because it is a
rich source of vitamin A, phosphorusand calcium (Yavuz,
et al., 2015). It is also an excellent source of fibre, vitamin
E, vitamin C, manganese, magnesium and potassium.The
young and tender shoots make good vegetable salads.
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The cultivation of this vegetable in Eswatini using
sugarcane stillage as a source of fertilizer has not been
investigated. Sugarcane stillage an organic waste, such as
press mud or filter cake, is generated as a by-product of
most sugarcane industries and characterized as a soft,
spongy, amorphous, and dark brown to brownish material
(Ghulam et al.,2012; Wynne and Meyer, 2002). It is
generated during the purification of sugar by carbonation
or sulphitation processes. Both the processes separate
clear juice on top and mud at the bottom. It is considered
as rejected waste material of sugarcane industries that
cause problemof storage and pollution to the surrounding
of sugar mills on its accumulation (Bhosale et al.,2012). It
also supplies a good amount of organic manure (Bokhtiar
et al.,2001) and can be an alternate source of plant
nutrient (Rajagopal et al, 2014) and act as a soil
ameliorates (Khan et al., 2016).

Sugarcane production is the biggest agricultural industry

in Eswatini with over 60 000 hectares of land under
irrigated sugarcane (SSA, 2014). There are three main

Page | 1315


https://dx.doi.org/10.22161/ijeab.45.3
http://www.ijeab.com/
mailto:musavd@uniswa.sz
mailto:musavd@gmail.com

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

https://dx.doi.orq/10.22161/ijeab.45.3

Vol-4, Issue-5, Sep-Oct- 2019
ISSN: 2456-1878

sugarcane processing factories, Mhlume and Simunye
sugar factories in the north eastern part of the country and
Ubombo in the southern part. From these factories,
stillage is produced as a by — product to be dumped in
suitable areas like landfills. If improperly applied, the
stillage can cause environmental problems, such as
ground water pollution. This experiment was done to
determine the effect of sugarcane stillage on the yield of
butternut squash (Cucurbita moschata) grown under rain
fed conditions. The results of are to be used to help local
farmers in the proper disposal of stillage and the
cultivation of vegetables.

1.
Location
The field experiment was conducted at Tambankulu
Estates in the north eastern part of the Lowveld of
Eswatini. This siteis located at a latitude of 26.13°S,
longitude 31.93°E, and an altitude of 219 m above sea-
level. The area receives an annual rainfall of about 600
mm. The soils are mostly the alluvial type which are deep
red, well structured (medium to heavy clays) and free
draining.

MATERIALS AND METHODS

Experimental layout and crop management

The experiment was laid out as a split-plot, with stillage
and fertilizer regimes as the main plots (factors) with each
factor having three levels. The levels were split into three
subplots namely; recommended, less than recommended
and more than recommended. Stillage and fertilizer were
not applied in the control plots. Butter nut seeds were
manuallysown on the 9th of December, 2009, at a spacing
of 75 cm between rows and 60 cm within rows, with one
plant perstation (2.2 plants per m?). Each plot was 450 n?.
Fertiliserapplicationand plant protection

Fertilizer and stillage were applied manually at the time
of planting. Weeds were initially managed by herbicides
and secondary weeds were manually uprooted using hoes.
Bravoand Metafort 60SL were sprayed in a mixture at
800 ml per ha,in 500-1000 litres of water per hectare,
every 14-21 days, inorder to control fungal diseases:
powdery mildew (Erysiphecichoracearum, Jaczewski)
and bacterial diseases.

Soil and stillage Properties

Soil samples were collected in each main block before
planting and after planting just before harvesting using an
auger in a zig-zag pattern within a depth of 0 to 20 cm
and sent to Omnia Chemtech laboratory for analysis
(Omnia, 2019). The samples were analysed for the
following physico-chemical properties; bulk density, pH,
sulphur, nitrogen, phosphorus, potassium, calcium,
magnesium, sodium and electrical conductivity. Stillage
samples were sent to Enviro Applied Products
commercial laboratory (Enviro Applied Products,
2019)for chemical analysis.

Yield (growth) parameters of the butternut fruit

Yield (growth) parameters at harvest, fruit size, average
fruit length (longitudinal) and equatorial diameter were
measured using a digital scale and calliper.

1.
Stillage Analysis
The results of the chemical components of stillage are
shown in Table 1. While most of the components have
results with units of parts per million, nitrogen (N),
Phosphorus (P), potassium (K) and chloride (Cl) have
units of percentages since they were analysed following
Kjeldahl’s method (Labconco, 2008).

RESULTS AND DISCUSSION

Table.1: The physicochemical properties of the stillage applied in the butternut squash experiment

N P K Cl Fe Cu Mn Zn Ca S Sr Bi Sn Ti
1.53 1.50 3.59 1.55 133 130 31.3 220 5944 | 4731 | 25.2 24 19 6
% % % % ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

The result shows that stillage contains more potassium
(K) and about equal amounts of nitrogen, phosphorus and
chloride. It also contains a lot of calcium and sulphur
when compared to zinc, copper, iron and manganese. In
addition, the product contain trace amounts of titanium

(Ti), tin (Sn), bismuth (Bi) and strontium (Sr) which all
have alkali properties.

Soils analysis before and after planting

The results of the soil chemical analysis before planting
and at harvesting of the butternut squash are shown in
Table 2 and Table 3 respectively.

Table.2: The physicochemical properties of the soil before planting the butternut squash experiment

Bulk density pH S N P K Ca Mg Na EC
(kgm?) (ppm) | (Ppm) | (PPM) | (PPM) | (ppm) | (ppm) | (ppm) | (s/m)
1251 5.56 10 52.7 8 79 1270 523 67 1.48

Calcium and magnesium contents ofthe soil were much higher than the other chemicals, with calcium the highest.

www.ijeab.com
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Table.3: The physicochemical properties of the soil after harvesting the butternut squash experiment

Bulk

Density
(Kgm”  pH  S(ppm) N (ppm) P(ppm) K (ppm) Ca(ppm) Mg (ppm) Na (ppm) EC (s/m)
Control | 1251 55 16 53 7 79 1270 523 67 148
LC 1099 6.0 7 60 22 112 2020 878 198 1.40
Stillage |RC 1066 6.0 19 64 138 1990 819 234 148
MC 976 6.8 4 67 226 4830 724 467 4,07
LC 944 48 11 60 21 138 1420 707 47 1.23
Fertilizer |RC 1015 6.4 11 67 30 177 4000 1260 234 1.94
MC 985 6.4 20 80 42 122 3210 1100 290 178

where; LC - low concentration, RC - recommended concentration, and MC - more than recommended concentration

Table 3 shows that the application of stillage and fertilizer
in the soil had a reduction effect on the bulk density and
the soil sulphur content. Fertilizer tended to have a
slightly bigger reduction in bulk density than stillage and
stillage had a bigger reduction in soil sulphur compared to
the fertilizer treatments. Soil pH was slightly increased by
both stillage and fertilizer. Both stillage and fertilizer
resulted in increases in the availability of the other
chemical elements, nitrogen, phosphorus, potassium,
calcium, magnesium and sodium. Stillage did not affect

the electrical conductivity of the soil except when applied
at more than the recommended concentration which
resulted in an increased soil EC. Increasing the
concentration of fertilizer tended to increase the electrical
conductivity of the soil.

Butternut squash yield (Iength, diameter and weight)
Butternut squash yield (fruit length (cm), fruit diameter
(cm) and fruit weight (grams)) results are shown in Table
4 below.

Table.4: Butternut squash yield (fruit length (cm), fruit diameter (cm) and fruit weight (grams)) measured at harvest

Butternut Squash Butternut Squash Butternut Squash
Length (cm) Diameter (cm) weight (gm)

Control 17.1 30.7 547.7

LC 18.5 30.3 770.1

Stillage RC 20.0 31.7 960.3

MC 19.9 31.3 o952.0

NMean 19.5 31.1 894.1

LC 16.2 31.9 721.1

Fertilizer RC 17.6 33.0 810.0

M C 17.5 32.8 809.7

NMean 17.1 32.5 780.3
Significance e NS e
INnteraction NS NS Aok

Values showing ** stand for significant differences at P < 0.01 probability level, whereas NS represents a non -significant

value.

Butternut squash fruit length was significantly increased
by the application of stillage whereas fertilizer did not
seem to improve the fruit length.

There were no significant differences in fruit diameter
between the stillage and fertilizer treatments. The
fertilizer treatments however showed a slightly bigger
diameter compared to the stillage treatments.

www.ijeab.com

There were highly significant differences in butternut fruit
weight between the stillage and fertilizer treatments
compared to the control. The mean weight for the stillage
treatments was 894.1 g when compared to 780.3 g for the
fertilizer treatment. Also, the weight for the fertilizer
treatments was highly significantly (P < 0.01) greater than
the control which was 547.7 g. This shows that the
application of either stillage or fertilizer resulted in an
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increased butternut fruit weight. These results are similar
to those reported by Van Antwerpen, et al., (2003)

Figure 1 shows the effect of fertilizer and stillage
concentration on the weight of butternut squash.

1200

1000

800 | _ ===

600

400

Butter nut Squash Weight (g)

200

Increasing the concentration beyond the recommended
dosage seems to have no effect on the weight.

LC

= Fertilizer

MC HC

= = Stillage

Fig 1.Showing the effect of the concentration of fertilizer and stillage on the weight of butternut squash.

V. CONCLUSION

It can be concluded from the results of this experiment
that the application of stillage result in improved soil
chemical properties and increased butternut squash fruit
yield (length and weight) when compared to fertilizer
(N:P:K; 2:3:2 (22)). However, applying more than the
recommended dose of stillage and or fertilizer seems to
reduce yield.Depending on the economics, stillage is a
better alternative to chemical fertilizer.
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Abstract— The Tabuk River Sub-Watershed is a tributary of the Barito River wich is Located in the Buntok City
area of South Barito Regency. The River is Located in a residential area full of river flow Tabuk indicated has
increased pollution caused by community activites on the riverbanks such as CWT activities (Cook, Wash,
Toilet), Fisheries and tourism. This study aims to analyze the quality of Tabuk river water based on the status of
water quality that refers to the decision of the state Minister of Environment No. 115 of 2003, and formulate
strategies for controlling the pollution of the Tabuk river flow. The parameters analyzed are physics, chemistry
and microbiology, the quality of river water is analyzed at three sampling points during high and low tide
conditions. Analysis of river water quality status using the pollution index method. The result obtained are (1)
the water quality of the Tabuk River Sub-Watershed for parameters that exceed the Class Il water quality
standards are TSS, BOD, COD, Total Coliform, Fecal colifirm during tidal or low tide conditions. TSS
parameters 382 mg/L at low tide, and 157 mg/L at high tide. The BOD parameter is 61.5 mg/L during low tide,
and 9.4 mg/L at high tide. The COD parameter is 83.7 mg/L during low tide, and 74 mg/L at high tide wich
indicates a decline in water quality with moderate to mild water quality status. (2) efforts and strategies for the
quality of tabuk river water to be in accordance with water quality standard criteria, namely (a) monitoring and
maintaining Tabuk river water quality during low tide and tide conditions, (b) controlling domestic and non-
domestic waste entering the river sub-watershed Tabuk, (c) establishes the concept of community participation

as a reference for each agency that has an interest in carrying out river management activities.
Keywords— Sub Watershed, Water Quality, Water Quality Status, Water Pollution Control.

. INTRODUCTION

The life of the people of the south Barito Regency
in is inseparable from the existence of the river. With a
population of 134.543 people and an are of 1829 km?
(Statisticts Indonesia, 2018). Most people use river water
as a source of clean water and some others use rainwater
and surface water sources.

The river passes through 3 villages, namely
Buntok Kota with a total of 16,621 people, which is a
densely populated area. Downstream Sper with a
population of 14,738 people, is a residential area, where
the river is used by the community as a place of fishing in
the river body, namely the existence of several fishponds
around the river. Pamait with a population of 862 people,
which is a small residential area and is used by the
community as a place for bathing tourism.

Statistics from the South Dusun District, 2017
states that the number of houses living along the river is
217 houses in Buntok Kota, 79 houses in Hilir Sper, and
70 houses in Pamait. The average community that lives

www.ijeab.com

around the Tabuk riverbank has a place to stay facing the
river, As a result, the potential of the community to
dispose of garbage into the river is getting bigger,
especially in gray water and black water waste as well as
washing activities of BWT (Bathing, Washing, and Toilet)
which can potentially produce liquid waste entering the
river body.

Increased activity around the river can cause a
decrease in the quality and quantity of the river. Water
quality is a term to describe the suitability or suitability of
water for certain uses, such as drinking water, fisheries,
irrigation / irrigation, recreation and so on (Juanda, 2014).
Besides the lack of knowledge, and research and public
awareness of the condition of polluted rivers can cause the
river does not meet quality standards orcan not be used for
certain needs, which will ultimately affect the surrounding
community in using river water as daily necessities.

Maintaining or achieving water quality so that it
can be used sustainably in accordance with the desired
level of water quality, it is necessary to preserve and or
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control efforts. Preservation of water quality is an effort to
maintain the function of water so that the quality remains
at its natural condition. Water pollution control is carried
out to guarantee water quality to conform to water quality
standards through efforts to prevent and control water
pollution and to restore water quality.

1. RESEARCH METHOD
The study was conducted using descriptive data
analysis explaining the water quality and quality status of
the Tabuk River Sub-Watershed. Water quality research
was conducted at three monitoring points by dividing into
two segments namely at low tide and tide, the following 3
(three) monitoring points for sampling the Tabuk River
watershed in this study (Figure 1). As follow:

Fig.1: Sampling Location
The sampling method used is the Grab Sampling
method, the method of taking samples for a moment
that is directly taken from the body of water being
monitored (Effendi, 2003). The sampling point is based
on SNI procedures. 57. 6989. 2008 which can be seen
in Table 1.

Table 1. Parameters and Methods for Testing Water

Samples
Parameter Metode
1 BOD (Biochemical SNI 6989.72:2009
Oxygen Demond)
2 COD (Chemical SNI 6989.73:2009
Oxygen Demand)
3 TSS (Total Suspended SNI 6989.03:2004

Solid)
Total Coliform
Fecal Coliform

SNI 2897:2008
SNI 2322:2006

o

Analysis of water quality of the Tabuk River Sub-
Watershed using Class Il water quality criteria according
to Government Regulation of the Republic of Indonesia
Number 82 Year 2001 concerning Water Quality
Management and Water Pollution Control. And the status
of water quality is determined using the Pollution Index
method in accordance with the Minister of Environment
Decree No.115 of 2003. The Pollution Index calculation is
performed by the calculation procedure using the equation:

Ciyz (i

GG

where Lij: concentration of water quality parameters stated
in Water Designation Standards (j) and Ci: concentration
of water quality parameters (i), Plj is Pollution Index for
designation (j), With (Ci / Lij) R: value, Ci / Lij average
and (Ci / Lij) M: value, maximum Ci / Lij.

The data analysis method used in formulating a
strategy for controlling pollution in the Tabuk River Sub-
Watershed is a SWOT (Strength, Weakness, opportunity,
Treat) analysis. SWOT analysis is the systematic
identification of various factors to formulate a
management plan (3).

IIl.  RESULT AND DISCUSSION
1) Analysis of Water Quality inthe Tabuk Riwer
Sub-Watershed
The results of water quality measurements on BOD, COD,
TSS, total Coliform and fecal coliform at each monitoring
point are compared with Class Il river water quality
criteria. As seen in Table 2 about the analysis of water
quality at high tide and Table 3 at low tide conditions.

Table 2. Laboratory Analysis Results of the Tabuk River Sub-watershed during tidal conditions

No. Parameter Satuan Sungai Tabuk Baku Mutu
Hulu Tengah Hilir Kelas Il

1 TSS™ mg/I 92b 1130 157P 50

2  BOD** mg/I 7™ 7.6° 9.4b 3

3 COD** mg/I 400 68.7° 74P 25

4 Total Coliform MPN/100ml 1700? 22002 1300° 5000

5  Fecal Coliform MPN/100ml 3302 1400° 330 1000

www.ijeab.com
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Table 3. Results of Laboratory Analysis of the Tabuk River Watershed during low tide

No. Parameter Satuan Sungai Tabuk Baku Mutu Kelas
Hulu Tengah Hilir 1l
1TSS mg/I 1560 241p 3g2b 50
2 BOD mg/I 8.800 14.3° 61.5b 3
3 CoD mg/I 66.8° 83.7 25
4  Total Coliform MPN/100ml 7002 14007 240000 5000
5  Fecal Coliform MPN/100ml 1702 7902 130000 1000

Description :

Total Suspendied Solid (TSS)

Analysis of the TSS parameters shows that the
TSS concentration has increased to exceed the limits of the
specified water quality standard. The increase in the value
of TSS is due to the downstream so many land use changes
become densely populated areas so that the community
activities there in also increase which causes soil solids
entering.

Habits of the community that function as a place
for bathing, washing, toilet (BWT) and as fisheries and
rubbish dumped directly into the river will pile upstream,
causing the highest TSS value in the downstream of the
Tabuk river.

Biochemical Oxygen Demand (BOD)

Tests on BOD parameters are known to increase
from upstream to downstream and during low tide
conditions it is known that BOD values are higher than
BOD values at high tide. This indicates that the Tabuk
river water has been polluted by waste disposal, both waste
originating from tourism, fishery activities, and domestic
waste generated by community activities along the river
banks.

The results of the BOD test during low tide and
tide conditions when compared with the class Il water
quality standards have passed the quality standard limit of
3 mg / I the greater levels of BOD indicate that the
indicated waters have been polluted especially in the
downstream areas at low tide of 61.5 mg / I. the increase in
BOD value at low tide can be caused by the disposal of
organic waste originating fromhousehold waste where it is
known that the downstream area is a densely populated
area on the banks of the river and many of the houses
make the kitchen enter the river, so that the direct
household waste water goes directly to the river. In
addition, the existence of aquaculture and leftover food
derived from aquaculture also affects the high content of
BOD. Organic wastes are generally in the form of waste
that can rot or be degraded by microorganisms so that

when discharged into water it will increase BOD (4).
Chemical Oxygen Demand (COD)

www.ijeab.com

a: still meet quality standards; - Exceeds quality standards set; ¢ : Minimum limit figure

COD concentration levels showed an increase
from upstream to downstream both at low tide and at high
tide. Increased levels of COD from upstream to
downstream, can indicate that the Tabuk river water has
been polluted due to waste disposal from upstream, where
the upstream area is an area that contributes organic and
non organic waste due to tourism activities. Then the flow
of river water flows to the middle area where there is
community activity in fish farming that can cause COD
content to increase, because in these activities there is
feeding which can cause the accumulation of leftover feed
in the river which will eventually rot.

In the downstream areas there was a high increase
of 74 mg / | during high tide conditions and 83 mg / |
during low tide conditions this could be due to increased
domestic waste disposal in downstream areas and is a
densely populated area along the river. The high value of
COD in waters is caused by the large amount of pollutants
entering the waters, especially organic pollutants from
household waste and aquaculture (5).

Total Coliform

The total coliform when tested was known when
the tide conditions ranged from 1300-2200 MPN/100 ml
from upstream to downstream. In these areas still meet the
water quality standards for class Il. So that for the tourism
and fisheries areas it is still safe to be used as a cultivation
and tourism activity. If it exceeds grade Il water quality
standards, it will cause disease both for tourism and fish
farming. Because for fish farming must also pay attention
to environmental health in order to be safe for
consumption of fish. Success in fish farming is from
maintaining environmental health from bacterial diseases
(6). Communities that build latrines in rivers will cause
rivers to be polluted with human excrement higher by
indicating high total coliforms (7). The bacterial density
indicates the suitability of water for drinking water,
recreation, and fisheries.
Fecal Coliform
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The bacterial density indicates the suitability of
water for drinking water, recreation, and fisheries. Where
the results are compared with the class Il water quality
standard of 1000 MPN / 100ml it has exceeded the water
quality standard set by Government Regulation No. 82 of
2001.

If it is found that the density of bacteria exceeds
the quality standard threshold, then the waters are not
suitable for cultivation activities because they can cause
mass death of the seeds and a decrease in the quality of
post-harvest biota (8). Bacterial content is influenced by
the volume of water, when the volume of water is high it
has a lower bacterial content compared to when the
volume of water drops (9).

2). Quality Status Analysis of the Tabuk Riwer Sub
Watershed

The test results from the Tabuk river water
samples, it is known that parameters that exceed the Class
Il water quality standards are TSS, BOD, COD, Total
Coliform, Fecal coliform during tidal or low tide
conditions.

The test results of the Tabuk river water samples
at high tide and low tide the river pollution status using.
Pollution Index calculation is the quality of tabuk river
water when the tidal conditions are mild polluted, while
the status of Tabuk river water quality at low tide
conditions is mild polluted in the upstream and middle
regions, however, in the downstream area the status is
moderate, which can be seen in Table 4.

Table 4. Water Quality Status Value Value Based on Pollution Index

Sampling Point

Pollution Index

Category

Upstream When Tide
Middel When Tide
Downstrean When Tide
Upstream At Low Tide
Middle At Low Tide
Downstream At Low Tide

1,55
2,51
2,77
1,86
2,99
5,30

Light Pollution
Light Pollution
Light Pollution
Light Pollution
Light Pollution
Light Pollution

The level of pollution obtained based on
calculations is known that the condition of the Tabuk river
water at low tide is higher than during tidal conditions.
This is due to the condition of the water when the tide has
high water discharge and high rainfall can also cause
dilution so that it can reduce the level of pollution.
Whereas during low tide the water has a low flow of water
and the flow of community waste goes directly to the river
which will flow from upstream to downstream so that it is
piled upstream downstream, this can cause pollution in the
downstream area.

3). Formulation of Rivwer Water Pollution Control
Strategies

Water Pollution Control is an effort to prevent
and control water pollution and water recovery to ensure
water quality in accordance with water quality standards
(10). Based on the results of the water quality testing of the
Tabuk River Sub-Watershed, interviews and literature
studies, it can be described and presented in Table 5 as
follows:

Table 5. Analysis of Efforts to Control Water Pollution in the Tabuk River Sub-Watershed

No River Water Indicator
Pollution Control
1) Aspects ©)
@
1 Condition of the 1. In general, Tabuk river water quality class Il water criteria on certain parameters
Tabuk River when the tidal conditions have exceeded the water quality standard
2. The status of Tabuk river water quality is mildly or moderately polluted.
3. When the Tabuk river water conditions install some parameters such as COD,
BOD, TSS have exceeded the pollution load capacity.
2. 1. Thereis arelated SKPD in charge of waste water management.
Role of the 2. The existence of a complaint center for pollution cases at environmental
Government agenciesi

3. Supporting Information and data relating to the Tabuk River watershed and it’s
pollution control are still incomplete condition of the Tabuk River
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3. Community Role 1. Lack of awareness from the the community in managing river cleanliness
2. People still throw garbage in the Tabuk river

Source: Primary and Secondary Data Analysis, 2019

The results of the strategies above, the policies to
support the management of the Tabuk river water must
involve the community and the government in paying
attention to the sustainability of natural resources, such as:
1) Monitoring and maintaining water quality in the

Tabuk River Sub-Watershed during low tide and tidal
conditions at many community activities.

2) Control of domestic and non-domestic waste entering
the Tabuk River Sub-WaterShed. Such as the
socialization and construction of sewerage in
residential areas that are covered by rivers.

3) Establish the concept of community participation as a
reference for each agency that has an interest in
carrying out river management activities. Further
research can be done related to community behavior
patterns that exist around the Tabuk River Sub-
Watershed

IV.  CONCLUSION AND SUGGESTION

CONCLUSION

1. The condition of water quality in the Tabuk River
Sub-Watershed that the parameters that exceed grade
Il water quality standards are TSS, BOD, COD, Total
Coliform, Fecal coliform during tidal or low tide
conditions.

2. Pollution status in river Sub-Watershed at the
upstream sampling point at high tide shows mild
pollution, the middle sampling point at high tide
indicates light pollution, the downstream sampling
point at high tide shows mild contamination, the
upstream sampling point at low tide indicates light
polluted. the middle sampling point at low tide shows
mild pollution, the downstream sampling point at low
tide shows medium polluted.

3. The strategy for controlling the pollution of the
Tabuk River Sub-Watershed is to monitor and
maintain the water quality of the Tabuk River during
low tide and tide conditions.

www.ijeab.com

4. controlling domestic and non-domestic waste
entering the Tabuk Sub-Watershed, establishes the
concept of community participation.

SUGGESTION

Further research can be done related to

community patterns that exist in the Tabuk river Sub
watershed.

1

2)

3)

4)

5)

6)

7)

8)

9

10)
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Abstract— The aim of the study was to determine the effect of deficit irrigation on yield and quality of eggplant.
Eggplant cultivated under different irrigation treatment. The treatment imposed included, treatment 1 (100ETc: full
irrigation), treatment 2 (90ETc: 10% reduction of full irrigation), treatment 3 (80ETc: 20% reduction of full
irrigation), treatment 4 (70ETc: 30% reduction of full irrigation). Eggplant cultivated under different irrigation
treatment and were harvested and analyzed for total yield, fruit shape, pH of the fruit, moisture content, protein,
carbohydrate, phosphorus. Deficit irrigation had significant effect on the protein content, carbohydrate content and
fruit moisture. Results of the study showed that deficit irrigation had no significant effect on phosphorus and fruit
shape. Also, deficit irrigation reduced disease incidence in eggplants while ensuring an improvement in fruit
firmness and the overall marketable yield. The study concludes that a reduction of 10% ETc in the cultivation of

eggplantwould produce optimumand quality fruits thereby saving irrigation water.
Keywords— Deficit irrigation, Water Use Efficiency, Yield, Eggplant.

I INTRODUCTION

Eggplant (Solanum melongena L.) is a short-lived
perennial herb that belongs to the family Solanaceae. It is
grown as an annual plant and is one of the consumed fruit
vegetables in tropical Africa; probably the third after tomato
and onion, and before okra (Grubben and Denton, 2004).
Although excessive rainfall affects both vegetative growth
and flower formation, the plant is well adapted to both wet
and dry season cultivation. In West Africa the eggplant fruits
are eaten raw, cooked or fried with spices in stews, or dried
and pound as condiments (Fayemi, 1999). Eggplant is rich in
essential vitamins and minerals. It contains 89.0g water, 1.4g
protein, 1.0 fat, 8.0g carbohydrate, 1.5g cellulose, 105mg
vitamin C and 1.6mg iron 130mg calcium (Ramain, 2001). In
particular, eggplant is a good source of calcium, phosphorus
and iron salts for bone and blood cell formation in the body
(Schippers, 2000; Romain, 2001). According to Fereres and
Soriano (2007), water scarcity has become a global problem.
As cities grow and populations increases, the problem
worsens since needs for water increase in households,
industry and agriculture. This affects both the yield and
quality of fruits and vegetables. Inability of farmers to
determine the correct amount of water required by crops and
adoption to the necessary irrigation practices during the
growing season is one of the major challenges in vegetable
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production in Ghana. Studies have shown that eggplant can
give a fruit yield of 0.5 kg to 8 kg per plant depending on the
cultivar and growing conditions (Lester and Seck, 2004).
Under rain fed, this translates to fruit yields varying from 5
to 8 ton/ha, while under optimal irrigation, potential fruit
yield vary from 12 to 20 ton/ha. Currently, potential fruit of
improved cultivars vary from 50 to 80 ton/ha (Lester and
Seck, 2004). According to Norman (1992), the local egg
plant can give an average yield of about 35-40 fruits per plant
weighing between 0.9-1kg per plant. The aubergine types
produce 5-10 fruits per plant depending on the cultivar and as
the number of fruits produced increases, the size of the fruits
decrease. (Tindall, 1992) also reported that 8-14 fruits per
plant may be harvested with fruit size varying from 0.25-

0.4kg per fruit with a yield of 2-5t ha_l. Without irrigation
yield of about 5-8 t ha" can be obtained while with irrigation

12-20 t ha'l can be obtained depending on the cultivar.
Conventionally, irrigation is applied to avoid reduction in
crop production due to water deficits (Fereres and Soriano,
2007). For commercial farmers, irrigation is applied to allow
production of cultivated crops that will produce a satisfactory
economic yield (Pereira et al. 2012). Crops are much
supplied with sufficient water so that the crops can transpire
and meet their full ET requirements throughout the growing
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seasons. Under conditions of water scarcity, the water
available for farmers is normally below the maximum ET
needs of the plants. Farmers are then forced to make
decisions to concentrate on the limited water over a smaller
land area or to irrigate the total area with levels below the
full ET requirement. Irrigation application below the full ET
requirement is termed as deficit irrigation. Deficit irrigation
field studies normally derive production functions that can be
used to predict yield depending on the amount of irrigation
applied or the amount of water used by the crop (ETc) other
than water, yield and quality of the crop is affected by
several other factors some of which are unpredictable such as
climate, incidences of pests and diseases and several
agronomic factors (English and Roja, 1996). Therefore the
production function will only be an estimate of the true
relationships. Application of deficit irrigation in crop
production is an approach to save water in areas of water
shortage and longer drought during production period so as
to maximize water productivity. Regulated deficit irrigation
saves substantial amount of irrigation water and increase
water use efficiency (Kirda, 2002). It is therefore important
to use irrigation technique that suit to the local environmental
condition and also with capability to improve yield and
quality when complemented with good management
practices, with the capacity to limit scarce resource wastage
and require few inputs (Darko et al., 2016; Imtiyaz et al.,
2000). Most of the agricultural production in Ghana is by
smallholders who rely on seasonal rainfall that is
unpredictable and sporadic. The onset of the climate change,
insufficient rainfall and occasional uncontrollable floods
results in frequent crop failures which are having a serious
effect on the livelihood of the population. As a result, the
population is extremely poor and food insecurity threatens
every year. Inability of famers to determine the correct
amount of water required by the crop and adoption to the
necessary irrigation practices during the growing season is
also another major challenge in vegetable production in
Ghana. Thus application of deficit irrigation in eggplant
production is an approach to save water in areas of water
shortage and longer drought during the production period. By
extension, this has left questions into the minds of many as to
whether deficit irrigation has any effect on the yield and
quality of crops. Hence, the study seeks to investigate the
effect of deficit irrigation on the yield and quality of eggplant
as well as water use efficiency.
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1. MATERIAL & METHODS
Study area
The study was carried out at the School of Agriculture
Teaching and Research Farm, University of Cape Coast. The
study area experiences two rainy seasons namely the major
season which starts from May and ends in July and a minor
season that starts around September and ends around mid
November to give the dry harmattan season that runs
through to the end of March in the subsequent year. The area
is characterized by an annual temperature range of 23.2-33.2
°C with an annual mean of 27.6 °C and a relative humidity
range of 81.3-84.4% (Owusu-Sekyere et al., 2011). The soil
is described as sandy clayey loam of Benya series, a member
of Edina Benya Udu compound association. Weeds were
cleared to the ground level and allowed to dry. Pegging was
done to demarcate the bed size. The hoe was used to loosen
the soil to a maximum depth and with the peg and line; equal
beds of 2.0m x 2.0m were prepared. The main cultural
practices carried out included weeding, earthen up and
stirring. These practices were carried out to ensure the
optimal growth of the plant.
Experimental design and layout
The experimental design used in this study was Randomized
Complete Block Design there were four (4) treatments with
three (3) replications. The treatment were T1: 100%ETc; T2:
90%ETc; T3: 80%ETc and T4: 70%ETc. Egg plant seeds
was nursed the healthy seedlings were transplanted unto
prepared beds. All the plants comprising the treatment
combination were given equal volume of water (500ml) for
eight days to ensure uniformity among the seedlings before
the various treatments were administered. A two day
irrigation interval was employed. The volume of water
applied to each treatment was obtained by the computation of
crop evapotranspiration using the pan evaporation method.
The amount of water applied represent 100%), 90%, 80% and
7T0%ETc. These water treatments were maintained for entire
growing season of the eggplant crop. The stages are the
developmental stage, the mid-season stage and the late
season stage. The class A evaporation pan and a rain gauge
installed at the teaching and research farm unit of the
university of cape coast were used to record the amount of
rainfall and the evaporative power of the atmosphere. The
daily reduction in the pan water level with reference to the
initial level noted the previous day was measured as the
day’s evaporation loss and then multiplied by the pan
coefficient (kp) which is 0.7; the reference crop evaporation
was obtained.
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The reference crop evaporation was computed using the
formulae

ETo = K, XE, D

Where;

ETo= reference crop evapotranspiration

Kp= pan coefficient

Ep= pan evaporation

Crop Evapotranspiration was computed using the formula
ETc = ETy XK, )

Where

ETo = Reference evapotranspiration

Kc = Crop evapotranspiration

Data Collection

Data was collected on based on plant height, leaf area,
average fruit weight, total yield, fruit shape, pH of the fruit,
moisture content, protein, carbohydrate, phosphorus.

Plant Height

The plant height at the end of the initial stage, vegetative
growth stage and final stage (fruiting) were measured using a
tape measure. The data obtained were then summed up and
their mean height was calculated for each treatment.

Leaf area

The longest length along the petiole line and the widest
breath across the leaf of the eggplant were recorded by using
a 30cm capacity roll up rule with a graduation of 10cm. A
factor of 0.75 was multiplied by the product of the length and
breadth to arrive at the leaf area according to Brown and
Covey (1966).

Awerage fruit weight

Measurement of the mass of each treatment after harvesting
was carried out using the electronic balance. Mean fruit mass
was calculated for each treatment.

pH determination

The pH of the beverage was determined by the using a digital
pH meter after calibrating with buffer solutions of pH 4.0 and
7.0 respectively. The beverage sample was then put in a 100
ml beaker, and thoroughly stirred. The electrode of pH meter
was then immersed in and direct reading taken after the
reading stabilized.

Determination of protein

The moisture content was determined using the oven drying
method and Protein (%) was determined by first knowing
the N(%) using Equation 3 below and computing it into

Equation 4
N (%) - (T—-B) xM x 14.007 x 100

©)

Sample weight (mg)
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Where M = Molality of Acid; S = Sample titre value; B =
Blank titre value

Protein = N (%) x 6.25 4

Determination of carbohydrate

Solule cabonycaes () = pLEemE el

Where C = carbohydrate concentration from the calibration
graph

Statistical analysis

Data collected was subjected to the analysis of variance
(ANOVA) procedure using Genstat software statistical to
investigate whether there were statistical differences in the
parameters studied. Comparison of means will be done using
Tukey Test at a probability level of 0.05.

1. RESULTS AND DISCUSSION

Eggplant growth and yield response to deficit application
Plant height

Analysis of variance on the effect of deficit irrigation on
plant height (Figure 1) showed significant difference among
the treatments, indicating that, at 24 days after transplanting,
the height of plants which received 100% ETc (14.36 cm)
was not significantly different from those that received 90%
ETc (13.31 cm), but was significantly different from egg
plants that receive 80% ETc (12.06 cm) and 70% ETc
(10.29cm). A similar pattern was obtained for plant heights
recorded at 41 DAT and 69 DAT. At 24 DAT, 41 DAT and
69 DAT there was no significant difference between egg
plants that received 100% ETc and 90% ETc, a similar
observation was made between egg plants that received 80%
ETc and 70% ETc. This is in line with the findings of
Owusu-Sekyere and Andoh (2010) who stated that after 69
DAT the highest plant height recorded from plant that
received 100% ETc is not significantly different from the
plant that received 90%ETc, while the lowest plant height
recorded from plant that received treatment 70% ETc is not
significantly different from the plant that received 80%ETc.
Bilibio et al., (2013) reported that eggplant was more
sensitive to water deficit and that plant height showed growth
inversely proportional to soil water stress. This experiment
has demonstrated that reducing a crops evapotranspiration
beyond a certain reach would have a significant impact on
the height of egg plants. The least plant height could be
attributed to the non-availability of adequate moisture, which
has a significant impact on the vegetative growth of egg
plants. Water is a major component of plant cells and is the
medium in which biological process such as photosynthesis

Page | 1327


https://dx.doi.org/10.22161/ijeab.45.5
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

https://dx.doi.org/10.22161/ijeab.45.5

Vol-4, Issue-5, Sep-Oct- 2019
ISSN: 2456-1878

occurs, without adequate moisture, photosynthetic rate of a
plant is reduced. Reduced photosynthesis results in a
retrogression of plant growth especially plant height. Since
photosynthesis required for plant growth is not available or
when available are present in smaller quantities. Also, plant
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under stress experiences difficulty in absorbing essential
nutrients because transpiration which is linked with the roles
of minerals salt absorbing, cooling and general effect on
growth and development is negatively affected (Berrie and
Berie, 1990).

(90%ETCc) l(80%ET%) m (70%ETc)
a

b p

69DAT

Fig.1: Effect of deficit irrigation on the plant height of eggplant

Leaf area

The effect of deficit irrigation on leaf area of eggplant is
presented in (Figure 2). At 24 days after transplanting there
was no significant difference between the mean leaf area of
egg plants which received 100%ETc (29.67 ¢cm?) and 90%
ETc (28.77 cm?), a similar observation was made at 41 DAT
and 69 DAT. However mean leaf area of egg plants that
received 100% ETc (40.68 cm?) and 90% ETc (39.74 cm?)
was significantly different from the mean leaf area of egg
plants that received 80% ETc (37.37cm?) and 70% ETc
(35.82cm?), a similar observation was made at 41 DAT and
69 DAT. Mean leaf area of egg plants that received 80% crop
water requirement was significantly different from egg plants
that received 70% crop evapotranspiration at 24 DAT, 41
DAT and 69DAT. After 69 DAT the lowest leaf area
reordered was 44.42 cm?, which was observed in plants that
received 70% crop evapotranspiration. Owusu-Sekyere and
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Andoh, (2010) reported that they found the leaf area of egg
plants reduced as the ETc of the plants was reduced. Egg
plants that received the least ETc recorded the lowest leaf
area. This could be attributed to the absence of adequate
moisture, which has a major effect on the photosynthetic rate
of the plants, hence it vegetative growth. Water alters a
variety of biochemical and physiological processes ranging
from photosynthesis to protein synthesis and solute
accumulation (Hu and Schmidhalter, 1998). Photosynthesis
is the process in which plants combine water, carbon dioxide
and light to produce carbohydrate for energy; chemical
limitations due to a reduction in critical photosynthetic
components such as water negatively have impact on plant
growth. When these happen, leaf growth will be affected
more since they are not able to compensate for moisture
stress as compared to other parts of the plants such as the
root.
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Fig.2: The effect of deficit irrigation on the leaf area of eggplant

Awerage fruit weight

Effect of deficit irrigation on the average fruit weight of
eggplant is presented in Figure 3. Analysis of variance of the
effect of different crop evapotranspiration on mean fruit
weight showed significant difference among the mean fruit
weight of egg plants which received 100%ETc (47.32 g),
90% ETc (45.93 g), 80% ETc (41.8 g) and 70% ETc (38.71
0). Research on eggplant also suggests that water stress limits
fleshy fruit water accumulation but does not affect carbon
partitioning to the fruit (Mitchell et al. 1991). Serhat (2017)
reported that eggplant yield; length was significantly
influenced by irrigation water level. The lowest average fruit

60
% 40 E_—
s =—
= 30 =
E =—
© 20 =—
= =
:7:’ 10 =
0 = =
T1 (100% T2 (90%
ETc)* ETc)

weight was observed in eggplant exposed to the least
irrigation amount that is 70% ETc. Diaz-Perez and Eaton
(2015) reported that fruit yield of eggplant was lowest at
33% ETc and there were little yield differences among
irrigation rates higher than 33% ETc. Dermirel et al., (2014)
reported that yield reductions of 18.16 % and 27.13 %
observed under low and moderate water stress. The highest
average fruit weight was observed in eggplant exposed to full
irrigation amount (100% ETc). This is in line with the
findings of Kirnak et al., (2002). They reported that 100%
ETc treatment had the highest yield as well as the largest and
the heaviest fruit.

d
T3 (80% T4 (70%
ETc) ETc)

Fig.3: Effect of deficit irrigation on average fruit weight of eggplant.

Yield
Yield per tonnes of eggplant was significantly dependent on
deficit irrigation (Figure 4). Analysis of variance of the effect
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of deficit irrigation on eggplant yield showed significant
difference between the mean fruit weight of egg plants which
received 100% ETc (4.0 MT), 90% ETc (3.8 MT) 80% ETc
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(3.3 MT) and 70% ETc (3.0 MT). The highest yield was
obtained from eggplant that received 100% ETc. This is in
line with the findings of Serhat (2017), who reported that
eggplant yield was significantly influenced by irrigation
water level. The highest yield averaging 62 t ha was
obtained fromeggplant that was given full irrigation amount.
Although there was significant differences in the total yield
of crops exposed to 90% ETc and 80% ETc was similar to
that of 100% ETc. This is in tandem with earlier findings of
Diaz-Perez and Eaton (2015) who suggested that eggplant
may tolerate mild water stress, since plants irrigated at 20-30
% reduction of ETc produced fruit yields similar to those of
plants irrigated at 100% ETc. Thus, there is a potential to

4.5

w
S I

N
1 1

YIELD (MT)
o'o'lH;r\)'moo

o

save water by reducing current irrigation rates without
negatively impacting fruit yields. Senyigit et al., (2011)
reported that the highest yield was obtained from full
irrigation treatment and 10% reduction of full irrigation
amount. The results of the study indicate that as the amount
of irrigation water reduces total yield reduces. This could be
attributed to the fact that water stress causes a reduction in
the fruit number with decreasing soil water, this is further
explained that lower soil moisture could result in pollen and
stigma dehydration as well as unnecessary elongation of the
flower’s style which could result in up to 50% reduction in
fruit setting and final fruit yield.

a b
C
I I I d
T1 T2 T3 T4

(1009%ETc) (90%ETc)

(80%ETc) (70%ETc)

Fig.4: Effect of deficit irrigation on yield of eggplant

Effect of deficit irrigation on the quality of eggplant fruit.
Quality of eggplant fruits
Protein

The application of deficit irrigation instigated significant variation in the protein content of eggplant fruit (Table 1).

Table 1: Effect of deficit irrigation on the quality of eggplant fruit

Treatment Protein Carbohydrate (%) Phosphorus(ug/g) pH Fruit Moisture
(%) shape (%)
100% ETc 17.4a 13.57a 3296a 5.5a 2286a 94.3a
90% Etc 19.3b 14.45a 3273a 5.5a 2777a 91.7b
80% Etc 15.6¢ 11.65b 3249a 5.6a 2759 90.5¢c
70% Etc 15.6¢c 17.52c 3150a 5.6a 2571a 89.6d
LS.D 0.40 0.967 208.2 0.02 625.6 0.92

The study portrayed that treatment 2 has the highest protein
content of 19.34%, which was significantly different from

www.ijeab.com

the remaining treatments. Also treatment 4 had the least
amount of protein content of 15.57% which was not
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significantly different from T3 with 15.63%. Present study
indicate that eggplant fruit contains rich amount of vitamins
and minerals of which protein is 1.4g according Romain
(2001). This indicates that effect of water stress on eggplant
had significant effect on the protein content of the fruit.
Carbohydrate and Phosphorous

The application of deficit irrigation instigated significant
variation in the carbohydrate content of garden eggs as
observed in Table 1. The study showed that treatment 4
(crops to which 70% ETc) has the highest carbohydrate
content of 17.52%, which was significantly different from
the other treatments. There was no significant difference
between treatmentl (100% ETc) and treatment 2 (90%ETc)
with 13.57% and 14.45% respectively.

The amount of phosphorus content in egg plant as a result of
deficit irrigation is presented in (Table 1). There was high
phosphorus content in treatment 1 (100%ETc) with
3296ug/g, followed by treatment 2 (90%ETc) with
3273ug/g, treatment 3 (80%ETc) with 3249ug/g, treatment 4
(7T0%ETc) with 3150ug/g in that order. The amount of
phosphorus decreases with decrease in the ETc. There was
no significant difference between the four treatments. The
results of the study showed that, water stress of deficit
irrigation had no significant effect with the phosphorus
content of the eggplant. According to Fayemi et al., (1999),
Phosphorus and Iron salts are used for bone and blood cell
formation in the body, as well as a reasonable source of
vitamin A(Carotene), Vitamin B-complex and vitamin C, all
essential for good health and from the results of our study a
decrease in ETc had no effect on the amount of phosphorus
contentin egg plant.

pH

The effect of deficit irrigation on the pH of eggplant fruits is
presented in Table 1. pH measures the total acidity or
alkalinity is an important factor in vegetable and fruit
production as this relates to fruit quality.

The experiment discovered that, pH of eggplant fruit
decreases with increasing water stress. Highest value of pH
was as a result of high moisture content at the various
treatments. This result is in line with the findings of
Marouelli et al., (2007) who established that water supply
restriction during either fruit development or maturation
growth stages promoted a significant increase in fruit acidity.
The results obtained as well confirm that of (Rouphael et al.,
2008) who also illustrated that water stress can improve
quality characteristics of fruits, pH inclusive. When crops are
irrigated with less water, the plant regulate certain metabolic
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activities, such as osmotic adjustment in sink organs, to
increase the sucrose and organic acid transformation rate and
amount, consequently more assimilates shift to the fruits,
thus improving the acid content. This implied that fruits from
plants treated with less water had low pH values which
would lead to an improvement in the flavour of the eggplant
fruit.

Moisture Content

The results of moisture content of eggplant fruits with respect
to deficit irrigation is presented in Table 1. Generally, it can
be observed that as ETc reduces the moisture content of fruit
decreases. Analysis of variance revealed that the variation in
the moisture content of eggplant fruit after imposing deficit
irrigation was statistically different. Bhattarai and Midmore
(2002) noted that dry matter was highest for deficit irrigation
treatments. Wahb-Allah et al. (2014) stated that water stress
treatment significantly improve all fruit quality attributes in
terms of fruit dry weight. The positive effect regarding water
stress on eggplant fruit quality traits can be explained by a
reduction in water accumulation in fruit. (Patané et al.,
2011). The moisture content of eggplant fruit is inversely
proportional to its firmness. Hence the lower the moisture
content, the higher the firmness. Since the moisture content
of the eggplant fruits decreases as the crop water requirement
is reduced, it is obvious that the eggplants plants that
received a lesser crop water requirement would produce
fruits with the least moisture content.

Fruit shape

The effect of deficit irrigation on the pH of eggplant fruits is
presented in Table 1. Fruit shape measures the total length
and width as an important factor in vegetable and fruit
production as this relates to fruit quality. The experiment
discovered that, fruit shape of eggplant fruit remain the same
even with increasing or decreasing water stress. When the
crop water requirement of crops is reduced it makes the fruits
hardy and increases firmness, thus reducing the susceptibility
of the fruits to diseases.

Effect of deficit irrigation on water use efficiency of the
eggplant.

Results of data on water use efficiency (WUE) of eggplant as
a result of deficit irrigation is presented in Table 2.
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Table 2: Effect of deficit irrigation on the water use
efficiency of eggplant

Treatment WUE (g/mm)
T1 2.012a
T2 2.517b
T3 3.237c
T4 3.372¢c
LS.D 0.1600

It indicates that the highest water use efficiency was
exhibited by crops that received 70% ETc (3.372 g/mm) and
was significantly higher than crops that received 100% ETc
(2.012 g/mm) and 90% ETc (2.517 g/mm), however it was
not significantly different from crops that received 80% ETc
(3.327 g/mm). This is in line with the findings of Serhat
(2017) who reported that the highest WUE was observed in
eggplants exposed to 75% ETc. It can be observed in Table 2
that the lowest water use efficiency (2.012 g/mm) was
exhibited by crops that received 100% ETc. This agrees to
earlier research done by Senyigit et al., (2011). They
reported that the lowest WUE values of eggplant were
calculated in the treatment to which the highest irrigation
water was applied. Their findings indicated that WUE
decreased with the increasing irrigation water and ET.
Generally, it can also be observed that as the eggplants were
exposed to water stress, the water use efficiency of eggplants
increased. The lowest amount of water applied (70% ETc)
recorded the highest WUE value, whereas the highest amount
of water applied (100% ETc) resulted in the lowest WUE
values in that order. The phenomena where by water stressed
plants gives the higher WUE indicates that as the crops are
exposed to water stress there is high dry matter accumu lation
in the fruit. According to Birhanu and Tilahun (2010) this
observation can be attributed to the fact that as total plant
biomass decreases with water stress level, fruit dry matter
increased, hence there is an increase in water use efficiency
when water stress level increases.

(AVA CONCLUSION
Production continue to increase and the prospects for
increase in vegetable all year round will possibly come
mostly from irrigation and amendment of the soil fertility
status as rainfall is unpredictable and the soil is of low
fertility. Research in irrigation water management for
efficient use of water by crops will contribute to crop
improvements. From the study, it can be concluded that,
90% crop water requirement or water-use efficiency is the
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best application for eggplant in a water scarce environment.
Also, decreasing deficit irrigation level from T3 to T4 Water-
Use Efficiency can yield to compensate marketable losses.
The study showed that increasing or decreasing deficit
irrigation level in eggplant production had no significant
effect on the fruit pH, fruit shape and the phosphorus content
of the fruit but brought about significant differences in
carbohydrate content of garden eggs for the various
treatments.
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Abstract— This research was aimed the composition of the substrate, inoculum dose and fermentation time
suitable for the growth of Pleurotus ostreatus on cocoa pod substrate mixtures with different nitrogen sources
(tofu waste, soy milk waste and rice bran) of the cellulase enzyme activity, laccase enzyme activity, crude fiber
decreased, and crude fiber digestibility. This study used an experimental method with a completely randomized
design (RAL) 3x3x3 factorial with 2 replications. Factor A is a substrate composition with a ratio of 80% cocoa
pod and 20% for tofu waste, soy milk waste, and rice bran. Factor B is an inoculum dose of 6%, 8% and 10%
with Factor C is the fermentation time of 7, 9 and 11 days. The results of the analysis showed that an interaction
of the substrate composition and fermentation time with Pleurotus ostreatus which had a significant effect (P
<0.05) of the activity of cellulase enzymes, laccase enzyme activity, crude fiber decreased and crude fiber
digestion. The results of the study can be concluded that the selected treatment was found in the composition of
80% cocoa pod and 20% tofu waste with 9 days fermentation time (A1C2). In this condition cellulase enzyme
activity was obtained of 2.70 U/ml, the laccase enzyme activity of 12.33 U/ml, crude fiber decreased of 44.01%

and crude fiber digestibility of 53.78%.

Keywords— Fermentation, Cocoa pod, Nitrogen source, Pleurotus osteratus

I.  INTRODUCTION

The problem of poultry feed is still a concern today
because poultry is still one of the most developed
livestock commodities. The price of poultry feed which is
unstable tends to be expensive and the level of availability
which continues to decrease simultaneously results in the
decline of poultry business. The high price of poultry feed
is caused by the constituents used which are still imported
and compete with human needs. The price of feed tends to
change at any time depending on the situation, natural
conditions, and the market.

One effort to reduce the problem of poultry feed is to
replace conventional feed that is commonly used to
prepare poultry rations with non-conventional feed
ingredients. Generally, this non-conventional feed
material comes from agricultural, livestock and industrial
wastes. Non-conventional feed ingredients must be
available continuously, in large volumes, easily available
and inexpensive. One of the non-conventional feed
ingredients that can be used as animal feed is cocoa pods
obtained from cocoa fruit processing.

Indonesia ranks third as the world cocoa producer
country after Pantai Gading and Ghana. West Sumatra is
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one of the cocoa-producing provinces with a production
of 52.2 thousand tons with an area of plantation reaching
158.9 thousand hectares in 2017 (BPS, 2018). Cacao
consists of 74% pods cacao, 2% placenta and 24% seeds
(Harsini and Susilowati, 2010) so it can be estimated that
pod cacao production of 38,628 thousand tons in 2017.

Pod cocoa contains crude protein 11.75%, crude fat
11.75%, NFE 34.95%, crude fiber 32.12% (cellulose
22.11% and lignin 23.14%) (Nuraini et al, 2013), and
tannins 0.11% (Nuraini et al, 2012). If viewed in terms of
nutrient content and continuous availability, the cocoa
pod is quite the potential to be used as animal feed.
Research that has been done shows that cocoa pod can be
used as a source of animal feed (Tequia et al., 2004).

However, with the high content of crude fiber and the
presence of theobromin antinutrient compounds in the
cocoa pod is one of the limiting factors in giving to
poultry, due to the limited ability of poultry to digest
crude fiber and feeding continuously containing
theobromine can reduce growth (Tarka et al. 1998).

One effort to reduce the content of crude fiber and
minimize the content of antinutrient compounds in the
cocoa pod is fermentation by utilizing the role of
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microorganisms. Microorganisms that are effective in
degrading crude fiber, especially lignin, are Pleurotus
ostreatus from the Basidiomycetes group known as high-
class mushrooms that produce extracellular ligninolytic
enzymes such as laccase, lignin peroxidase and
manganese peroxidase (Periasamy and Natarajan 2004,
Mayer and Staples 2002). Pleurotus Ostreatus also
produces cellulase enzymes (Sudiana and Rahmansyah,
2002) which can work synergistically to break down
cellulose into glucose through a catalyst process (Santos
et al., 2012).

Fermentation in principle is influenced by several
factors including the composition of the substrate, the
dose of the inoculum and fermentation time. Fermentation
using Pleurotus ostreatus requires a substrate containing
carbon, nitrogen and mineral sources to support the
growth and development of mycelium maximally pod
cocoa itself can be used as a carbon source (C) in the
substrate fermentation, but must be supplemented with a
nitrogen source (N) to get the balance C: N which is
suitable for the growth and development of Pleurotus
ostreatus mycelium. Sources of nitrogen (N) that can be
used are tofu waste, soy milk waste, and rice bran.

Tofu waste is a waste of soybean processing industry
that has nutrients namely crude protein at 28.36%, crude
fat 5.52%, crude fiber 7.06% and NFE 45.44% (Nuraini et
al., 2012). High crude protein content in tofu waste can be
used as a source of N for the growth of mycelium.
Muhfudz (2006) states that tofu waste contains lysine and
methionine amino acids and calcium which is quite high.

Soy milk waste is a waste of the soybean processing
industry such as tofu waste but different in processing.
Soy milk waste has a high crude protein content of
27.62%, this content can be used as a source of N for
mycelium growth. Other nutritional content of crude fat is
2.95%, NFE 52.66%, crude fiber 13.81% and ash 2.96%,
Ca 0.09%, P 0.04% (Muis et al, 2009).

Rice bran is the biggest by-product of rice milling
process which contains metabolic energy of 2980 kcal/
kg, crude protein 12.9%, crude fat 13%, crude fiber
11.4%, Ca 0.07%, phosphorus 0.22%, Mg 0.95% and 9%
moisture content (Saputra, 2015). Rice bran is also rich in
vitamin B complex and mineral components such as iron,
aluminum, calcium, magnesium, manganese, phosphorus,
and zinc (Astawan, 2010). It is hoped that cocoa pod
fermented using Pleurotus ostreatus with different
nitrogen sources can produce optimal cellulase and
laccase enzymes to reduce fiber content and increase the
digestibility of crude fiber.
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Il. MATERIALS AND METHODS

2.1. Materials

The ingredients used are cocoa pod, tofu waste, soy
milk waste and rice bran. The fungus used is Pleurotus
ostreatus. The equipment used is analytical scales,
autoclaves, laminar airflow, ovens, a set of equipment for
proximate analysis, cellulase enzyme activity and laccase
enzyme activity.
2.2. Method
The design used is a Completely Randomized Design
(CRD) Factorial 333 with 2 replications. Factor A is a
substrate composition consisting of 3 (three) levels,
namely:
Al =80% cocoa pod +20% tofu waste
A2 =80% cocoa pod +20% soy milk waste
A3 =80% cocoa pod +20% rice bran
Factor B is the dose of inoculum which consists of 3
(three) levels, namely:
B1 = 6% dry matter of the amount of substrate
B2 = 8% dry matter out of the amount of substrate
B3 = 10% of dry matter from the amount of substrate
Factor C is the fermentation time consisting of 3 (three)
levels, namely:

Cl1 =7 days
C2 =9 days
C3 =11 days

2.3. Research Implementation

This research activity is fermenting cocoa pods with
tofu waste, soy milk waste and rice bran. Cocoa pod is
cleaned first then chopped 0.5-1 cm. Tofu and soy milk
wastes are squeezed to reduce water content. Weigh the
substrate by composition (80% cocoa pod and 20% for
tofu waste, soy milk waste and rice bran). Homogenize
the three substrates then add 7 ml of Mineral Brook, the
substrate water content is + 70%. Sterilize all substrates in
the autoclave at 121° for 15 minutes. Pleurotus ostreatus
inoculation according to treatment (6,8 and 10%).
Incubation according to treatment (7, 9 and 11 days).
Fermentation products will be analyzed for crude fiber
content (AOAC method, 1990), crude fiber digestibility
(Sibbald method, 1975), cellulase enzyme activity
(Nelson method, 1944) and laccase enzyme activity
(Buswell et al., 1995).

I1l.  RESULT AND DISCUSSION
3.1. Cellulase enzyme activity
Statistical analysis showed that there was no
interaction between the composition of the substrate,
inoculum dose and fermentation time but the interaction
was significantly different (P<0.05) found in the
composition of the substrate with the fermentation time
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on the activity of cellulase enzymes (U / ml) cocoa pod
fermented with Pleurotus ostreatus (Table 1).

DMRT (Duncan Multiple Range Test) showed that
cellulase enzyme activity in A1C3 treatment (80% cocoa
pod and 20% tofu waste with 11 days fermentation time)
had no significant effect (P> 0.05) from A1C2 treatment
(80% pod cacao and 20% tofu waste with 9 days
fermentation time), A2C2 treatment (80% cocoa pod and
20% soy milk waste with 9 days fermentation time) and
A2C3 treatment (80% cocoa pod and 20% soy milk waste
with 11 days fermentation time); but significantly (P
<0.05) higher than other treatments.

Table 1. The average cellulase enzyme activity (U/ml)

Fermentation time
Substrate Inoculum

enzyme activity increases. The longer time of
fermentation causes the fungus to flourish and the
cellulase enzymes produced from hyphae will be more
numerous, besides the conditions in the substrate also
support the cellulase enzyme to move, so that the
cellulase enzyme is more active in breaking down
cellulose into glucose.

The selected treatment based on its efficiency was
found in A1C2 (80% cocoa pod and 20% tofu waste with
9 days fermentation time) with cellulase enzyme activity
2,70 U/ml. This result is higher than Doharne (2015)
where cacao pod fermented with P.chrysosporium and a
dose of inoculum 7% with a fermentation period of 10
days and continued fermentation with N.crassa 9% with a
fermentation period of 4 days has an enzyme activity of 0,
10 U/ml.

3.2. Laccase enzyme activity

Statistical analysis showed that there was no
interaction between the composition of the substrate,
inoculum dose and fermentation time but the interaction
was significantly different (P <0.05) found in the
composition of the substrate with the fermentation time
on the activity of laccase enzymes (U / ml) cocoa pod
fermented with Pleurotus ostreatus (Table 2).
Table 2. The average laccase enzyme activity (U/ml)

Inoculu  Fermentation time (C)

A) dose (B) ©) Average
C1 C2 C3
B1 2,02 252 2,69 2,41
Al B2 2,18 2,77 2,87 2,61
B3 2,37 2,80 3,03 2,73
Total 6,56 8,70 8,58
Average 2,19° 2,702 2,862
B1 1,99 240 2,52 2,30
A2 B2 2,13 2,62 2,68 2,48
B3 2,22 2,76 2,85 2,61
Total 6,33 7,78 8,05
Average 2,110 2592 2682
B1 1,94 2,05 218 2,05
A3 B2 2,02 2,12 224 2,12
B3 2,11 2,28 2,33 2,24
Total 6,07 6,44 6,74
Awverage 2,02° 215> 2,25b

The high activity of cellulase enzymes in A1C2,
A1C3, A2C2, and A2C3 treatments is due to the presence
of substrate composition and fermentation time which are
suitable for the growth of Pleurotus ostreatus. On 80%
cocoa pod and 20% tofu waste substrate and 80% cocoa
pod and 20% soymilk waste substrate, it appears that the
growth of Pleurotus ostreatus is fertile, white and evenly
almost covered the entire substrate. This is supported by
Gunam et al., (2011) that there is a correlation between
protein content and enzyme activity produced when
viewed from substrate concentration and fermentation
time. In environmental conditions with high protein
content produced, the enzyme activity is also high and
otherwise if, in conditions where the protein content
produced is low, it appears that the activity of the
resulting enzyme is low.

Fermentation time allows mycelium to flourish to fill
the substrate so that more cellulase enzymes are
produced. According to Setyawan (2007) that the
fermentation time is closely related to the time that can be
used by microbes to grow and multiply so that the
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Substrate Averag
?) m dose e
(B) C1 Cc2 C3
Bl 9,78 11,75 12,09 11,21
Al B2 10,59 12,27 12,56 11,81
B3 11,11 12,96 13,02 12,36
Total 31,48 36,98 37,67
10,49 12,33 12,56
Average . a a
B1 9,32 1123 11,40 10,65
A2 B2 10,47 11,98 12,09 11,52
B3 10,53 12,44 12,91 11,96
Total 30,32 3565 36,40
10,11 11,88 12,13
Awverage . a a
B1 8,45 9,66 10,65 9,59
A3 B2 9,78 10,36 11,00 10,38
B3 10,13 11,06 11,98 11,05
Total 28,36 31,08 33,62
Average 10,36 11,21
9‘45d c b

DMRT (Duncan Multiple Range Test) showed that
laccase enzyme activity in A1C3 treatment (80% cocoa
pod and 20% tofu waste with 11 days fermentation time)
had no significant effect (P> 0.05) from A1C2 treatment
(80% cacao pod and 20% tofu waste with 9 days
fermentation time), A2C2 treatment (80% cocoa pod and
20% soy milk waste with 9 days fermentation time) and
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A2C3 treatment (80% cocoa pod and 20% soy milk waste
with 11 days fermentation time); but significantly(P
<0.05) higher than other treatments.

The high activity of the laccase enzyme in A1C2,
A1C3, A2C2, and A2C3 treatments due to the presence of
a C: N ratio balance in the four treatments, can be seen
from the fertile growth of mycelium compared to other
treatments. The fertility of the mycelium is also affected
by the fermentation time, where the fermentation time
gives the mycelium opportunity to continue to grow. The
C: N ratio of 80% cocoa pod and 20% tofu waste is
12.16: 1, and 80% cocoa pod and 20% soy milk waste is
12.47: 1. This is supported by the opinion of Gianfreda et
al. (1999) that laccase production is strongly influenced
by the concentration of nitrogen in the culture medium
and the carbon source used (Galhaup et al., 2003).
Furthermore, Nadeem et al. (2014) that carbon and
nitrogen sources at the right ratio are needed for
propagation and enzyme production. Basidiomycetes
fungi including Pleurotus ostreatus have different
responses to carbon sources and their concentration in the
medium for growth. Significant laccase secretion occurs
when the concentration of carbon sources in the growth
medium reaches a low level. The best C: N ratio for the
growth of Pleurotus ostreatus is 10 - 15: 1 and results in
maximum laccase production, where an increase in C: N
ratio will further reduce laccase production significantly.

Majeau et al. (2010) reported that laccase enzyme
production was influenced by factors of nutrient
availability such as carbon and nitrogen, concentration
and C: N ratio as well as other factors such as
characteristic and concentration of the inducer. The
optimum concentration of organic carbon in growth
media has an important role in laccase production. In the
white-rot fungus group, the production of the enzyme
laccase main role in ligninolytic activity (Bonnen et al.,
1994). Furthermore, Ardon et al. (1998) show a strong
indication that the activity of the laccase enzyme can
increase the level of lignin degradation. Among the
Basidiomycetes groups of white rot species dominant
studied are Pleurotus ostreatus and Tramets versicolor
because of their ability to mineralize lignin through the
secretion of oxidative enzymes such as laccase (Halburgi,
2011) known as an efficient enzyme in degrading lignin
(Bernardi et al., 2008).

The selected treatment based on its efficiency was
found in A1C2 (80% cocoa pod and 20% tofu waste with
9 days fermentation time) with laccase enzyme activity of
12,33 U/ml. Pleurotus ostreatus also produces laccase
enzymes in palm sludge fermentation obtained of 12.73
u/ml.
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3.3. Reduction of crude fiber

Statistical analysis showed that there was no interaction
between the composition of the substrate, inoculumdose
and fermentation time but the interaction was
significantly different (P<0.05) found in the composition
of the substrate with the fermentation time on the
reduction of crude fiber (%DM) cocoa pod fermented
with Pleurotus ostreatus (Table 3).

DMRT (Duncan Multiple Range Test) showed that
reduction crude fiber in A1C3 treatment (80% cocoa pod
and 20% tofu waste with 11 days fermentation time) had
no significant effect (P> 0.05) from A1C2 treatment (80%
pod cacao and 20% tofu waste with 9 days fermentation
time), A2C2 treatment (80% cocoa pod and 20% soy milk
waste with 9 days fermentation time) and A2C3 treatment
(80% cocoa pod and 20% soy milk waste with 11 days
fermentation time); but significantly(P <0.05) lower than
other treatments.

Table 3. The average reduction of crude fiber (%DM)

Inoculu Fermentation time (C)

Substrate Averag
) m dose e
(B) C1 c2 C3
Bl 33,02 39,95 46,57 39,85
Al B2 32,09 4395 46,78 40,94
B3 3531 48,14 49,40 44,28
Total 100,42 132,04 142,75
Average 33,47 44,012
d b 47,582
B1 30,19 39,71 3848 36,13
A2 B2 32,34 4183 44,46 39,54
B3 33,40 46,36 47,67 42,48
Total 95,93 127,90 130,61
31,98 42,632 43,542
Awerage P b b
B1 20,06 22,61 3556 26,08
A3 B2 2155 29,88 38,63 30,02
B3 30,44 3382 40,13 34,80
Total 72,06 86,31 114,33
Average 28,779 38,11P
24,02¢ e ¢ 334,11

The decrease in crude fiber in A1C3, A1C2, A2C3, and
A2C2 treatments was due to the activity of cellulase
enzymes in the four treatments, which were respectively
2.86%, 2.70%, 2.68% and 2.59%. High cellulase enzyme
activity is related to substrate composition (C: N balance)
and fermentation time suitable for Pleurotus ostreatus to
grow and flourish. Pleurotus ostreatus produces cellulase
enzymes (Sudiana and Rahmansyah, 2002) which can
work synergistically to break down cellulose into glucose
through a catalyst process (Santos et al., 2012). Substrate
composition that has a balanced C: N ratio can accelerate
the growth of Pleurotus ostreatus, because fungi need
carbon and nitrogen for its growth. Nadeem et al., (2014)
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stated that the best C: N ratio range for the growth of
Pleurotus ostreatus is 10-15: 1.

Fermentation time allows the mycelium to grow more
optimally and produce enzymes to degrade crude fiber
components. This is supported by Musnandar (2004)
where the longer the fermentation, the greater the
opportunity for enzyme complex to degrade crude fiber
components into simple sugars. This increase in simple
sugars will increase the growth of fungal colonies,
especially high doses of inoculum so that the production
of enzymes increases which in turn increases the
degradation of crude fiber on the substrate. The more
fertile the mycelium, the higher the activity of the
cellulase enzyme produced in degrading the fiber
components of the fiber on the substrate.

The longer fermentation will cause the process of
fungal metabolism to increase so that more energy is
released by the fungus by degrading various energy
sources in the substrate such as crude fiber. Furthermore,
Perez et al. (2001) explained that each microfungus has a
different ability to decompose the substrate. The longer
the incubation period, the more complex the compounds
that are broken down by microorganisms into simpler
compounds that can accumulate into energy.

The selected treatment based on its efficiency was
found in the A1C2 treatment (80% cocoa pod and 20%
tofu waste with 9 days fermentation time) of 44,01%.
This result is higher than Doharne (2015) where cocoa
pods fermented with P.chrysosporium with 7% inoculum
dose with 10 days fermentation time and continued
fermentation with N.crassa 9% with 4 days fermentation
time decreased fiber content of 25,47%.

3.4. Crude fiber digestibility

Statistical analysis showed that there was no interaction
between the composition of the substrate, inoculumdose
and fermentation time but the interaction was
significantly different (P <0.05) found in the composition
of the substrate with the fermentation time on the crude
fiber digestibility (%DM) cocoa pod fermented with
Pleurotus ostreatus (Table 4).

Table 4. The average crude fiber digestibility (%DM)

B3 49,30 51,31 55,28 51,96

Total 137,3 156,5
6 147,43 8
Average 49,14°
45,79° b 52,192
B1 42,01 43,12 44,17 43,10
A3 B2 43,39 44,09 46,54 44,67
B3 46,16 46,70 47,67 46,84
1315 138,3
Total 6 13391 8
Average 43,85  44,64°  46,13P

Inoculu Fermentation time (C)

Substrat Averag
e (A) m dose e
(B) c1 c2 c3
B1 43,77 48,60 49,30 47,22
Al B2 47,29 54,87 56,82 52,99
B3 49,53 57,86 58,76 55,38
140,5 164,8
Total 8 16133 9
Average 46,86° 53,782 54,962
A2 B1 42,31 46,33 48,01 45,55
B2 45,75 49,79 53,29 49,61
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DMRT (Duncan Multiple Range Test) showed that
laccase enzyme activity in A1C3 treatment (80% cocoa
pod and 20% tofu waste with 11 days fermentation time)
had no significant effect (P> 0.05) from A1C2 treatment
(80% cacao pod and 20% tofu waste with 9 days
fermentation time), A2C2 treatment (80% cocoa pod and
20% soy milk waste with 9 days fermentation time) and
A2C3 treatment (80% cocoa pod and 20% soy milk waste
with 11 days fermentation time); but significantly (P
<0.05) higher than other treatments.

The high digestibility of crude fiber in the AI1C3,
Al1C2, A2C3 and A2C2 treatments is due to the low
crude fiber content in the four treatments due to the high
activity of cellulase and lacase enzymes due to the C: N
ratio in a balanced substrate composition and long
fermentation time so high coarse fiber digestibility.
Prawitasari et al. (2012) states that the lower crude fiber
content in the ration causes the higher digestibility of
crude fiber and otherwise. The content of crude fiber in
the ration greatly affects the digestibility of crude fiber.

Maynard et al., (2005) stated that the digestibility of
crude fiber is influenced by several factors including fiber
content in feed, composition of crude fiber and
microorganism activity. Poultry is difficult to digest high
crude fiber because fiber-digesting microbes are only in
the cecum and are few in number. Wahju (2004) states
that crude fiber has bulky properties which consists of
cellulose, hemicellulose and lignin which are mostly
difficult to digest by poultry.

Van Soest (1985) states that the digestibility and
digestion rate of hemicellulose is higher than that of
cellulose, this is due to the constituent components and
the abrasive components of cellulose, lignin, and silica
cannot be digested by poultry, but the hemicellulose
component can still be hydrolyzed by the acid content in
proventiculus and gizzard.

Scott et al., (1982) reported that broiler can utilize
energy fromhemicellulose through the hydrolysis process
that is in the proventiculus and gizzard or possibly
digestion by microbes in the intestine to produce energy.
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The selected treatment based on its efficiency was
found in the A1C2 treatment (80% cocoa pod and 20%
tofu waste with 9 days fermentation time) of 53.78%.

IV. CONCLUSION

It can be concluded that the selected treatment was
found in the composition of 80% cocoa pod and 20% tofu
waste with 9 days fermentation time (A1C2). In this
condition cellulase enzyme activity was obtained of 2.70
U / ml, lactase enzyme activity of 12.33 U / ml, crude
fiber decreased of 44,01% and crude fiber digestibility of
53.78%.
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Abstract— A field study was conducted to evaluate the effects of Taliwang Pond sidemen (TPS) and biocompost
application on the soil chemical properties, growth performance and yield of chilli on the dryland farming
system in Belo village, Jereweh Sub-district, Western of Sumbawa, Indonesia from February to May 2019. The
experiment was set up using a Completely Randomized Design (CRD) consisted of two factors namely sidement
(0Otha'as SOand 40tha™asS1) andbiocompost (0t ha* (K1), 10 t ha}(K2),20t ha™ (K3), 30 t ha}(K4) and
40 t ha as K5) with three replications. The results of study showed that the application of both TPS and
biocompost improved soil fertility status (C, P and K) and increased growth and yields of chilli. It was recorded
that the application of both TPS and biocompost at rates of 40 t ha resulted in the highest yields of chille as
results soil fertility improvement. The highest yied was reach two times as compared to the control (plot with no

soil organic ammendement).

Keywords— Taliwang pond sedimen, biocompost, and Chilli yield, dryland.

I. INTRODUCTION

Cayenne pepper (Capsicum frustescens L) is a
horticultural commodity that has high economic value in
Indonesia. In West Sumbawa Regency (KSB), chilli
production is still low so that chilli needs are still partially
imported from outside the region. The low chilli
production in the KSB is caused by one of the limiting
factors related to the low status of soil fertility, including
the low content of soil organic matter, unstable soil
structure and nutrient poor soils such as N, P, and K. To
overcome these problems, management efforts need to be
made soil to improve and improve the quality of soil
fertility through the addition of organic ameliorant.

Soil cleaners can be obtained from a variety of
sources of ingredients containing organic matter,
including from sedimentary materials / swamp sediment
and compost swamp plant waste. Taliwang swamp
sidemen has great potential to be used as soil amendment
in the chilli planting system in dry land because it has a
high C-organic content of 19.75%, other nutrient content
such as total N-0.68%, P-available 8.26 ppm and K-
swapped 4.51%, while compost from the Taliwang
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swamp plant contained 26.3% C-organic, N-Total 1.47%,
P was available 0.90 ppm and K was swapped 1.86%. If
both materials are added to the soil with low fertility
status, it will naturally contribute to improving soil
properties. Rosmarkam & Yuwono (2002) explains that
sediments with organic matter content of > 35% are
classified as very high organic matter content.

The content of organic matter and other nutrients
such as high phosphorus in the swamp sidemen is related
to the substrate and organic materials that accumulate at
the bottom of the water due to the decay of aquatic plants
and the contribution of organic material derived from
erosion upstream carried by the flow of rivers flowing
into the swamps. Sediment is a good place to store
phosphorus. Plants and animals that die will be broken
down by decomposing bacteria which will then settle to
the bottom of the water. Sinaga R. D., et al (2016),
phosphorus-bound compounds in sediments can undergo
decomposition with the help of bacteria or through the
abiotic process to produce dissolved phosphorus
compounds. Noor (2018) explained that plants that grow
and develop in swamps have the potential to be used as a
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source of organic material that can improve physical
fertility, chemistry and soil biology, including lotus
(Nymphaea), water-nail plants (Salvinia natans), water
hyacinth (water hyacinth) Eichornia crasipes), Kale
(Ipomoea aquatica).

From the various potentials of Taliwang swamp
sediments and plants as described above, an experiment
has been carried out aimed to determine the effect of
Taliwang swamp sedimentation and compost and the
interaction of these two components on the chemical
properties of the soil and the results of cayenne pepper.

Il. MATERIALS AND METHODS

Field trials have been carried out on the dry land
in Belo Village, Jereweh District, West Sumbawa
Regency 8°%1 'LS and 116049 East with a height of 11
meters above sea level, during the rainy season from
February to May 2019. Sidemen used were collected from
the basic surface area swamp in the form of muddy solids
at a depth of 1 mwith a distance of £ 70 meters from the
edge of the swamp. 250 kg of fresh sidemen were
collected and dried until water levels were close to 14%.
While composting uses biomass from aquatic plants
(weeds) taken from swamps, finely chopped and dried
and mixed with bran, husk and brown sugar with a 10%
mixture amount of Taliwang swamp plants prepared. The
material that has been mixed is watered with EMA4
solution. Mixing is done slowly and evenly until the water
content is + 30-40%. The desired water content is tested
by grasping the material, marked by not dripping water
when the material is grasped and will bloom when the
grip is released. Then the mixed material is put into a sack
and the pile of material is covered with a tarp. Curing
process lasts for 14 days. After the material becomes
compost, the sack can be opened. This compost is

characterized by its black, crumbly, non-hot, and odorless
color. In such conditions, Taliwang swamp compost can
be used as fertilizer. Furthermore, the Taliwang swamp
sediment and compost were tested for their chemical
content at the Soil Science Laboratory of the Faculty of
Agriculture, University of Mataram.

The experiment was designed using a
Completely Randomized Design (CRD) consisting of two
factors. The first factor is the sidimen application which
consists of 2 measurements, namely without sediment
(S0) and sediment 40 t.ha-1 (S1). The second factor is the
application of Taliwang swamp compost which consists
of 5 levels, namely 0 t.ha-1 (K1), 10 t.ha-1 (K2), 20 t.ha-1
(K3), 30 t.ha-1 (K4) and 40 t.ha-1 (K5). The observed
variables include variables of soil properties and
agronomy. Soil properties observed both before and at the
end of the experiment included pH (pH-meter), C-organic
content (Walkley and Balack methods), N (Kjeldhal),
available-P  (Bray-1) and K-exchangeable (NH4OAc
extractors) . Laboratory analysis of soil properties was
carried out at the soil laboratory, Faculty of Agriculture,
Unram. Agronomic measurements include the amount of
flowers, fruit and dry weight of the fruit. Experimental
data were analyzed by analysis of variance (Analysis of
variance, ANOVA) at 5% significance level.

. RESULTS AND DISCUSSION
1. Effects of Talinang Swamp Plant Sediment and
Compost on Land Chemical Properties

Analysis of soil properties before and after the
experiment is shown in table 1. Data Table 1 shows that
the administration of Taliwang swamp plant sediments
and compost can improve soil properties especially the
availability of P and K nutrients.

Table 1. Average soil properties before and after the application of Taliwang swamp sediment and compost

Soil Chemical Properties

No Treatment pH C-org Total-N P (Bray-1) K-dd
1 Control 6.60 0.91 0.07 92.17 3.37
2 Compost 7.64 0.82 0.11 101.61 3.98
3 Sediment 7.53 0.81 0.12 95.20 3.99
4 Sediment + Compost 7.53 1.07 0.13 116.06 4.10
5 Before the experiment 6.30 1.06 0.06 4.49 2.28

According to Handayani et, al, (2007) soil
quality, cannot be separated from soil fertility status. Soil
fertility is the effect of a combination of three main
interacting components namely the chemical, physical
and biological nature of the soil. Soil fertility in the
narrow sense is the availability of plant nutrients at a
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certain time. The higher the availability of nutrients, the
more fertile the soil will be, and vice versa.

Table 1. shows that the soil before the
experiment had a low nutrient content, but after the
application of sediment and compost there was an
increase especially in the nutrient content of P and K.
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While at the end of the experiment the content of Cand N
slightly increased. In composted plots, the N content
which was originally 0.06% increased to 0.11%. In the
treatment sediment treatment compartment, the total N
increased to 0.12% while in the plot receiving sediment
material and compost, the total N reached 0.13%. The
increase in N nutrients is not too high, it is suspected
because N is mobile in the soil and has been absorbed by
many vegetative plant formation. In accordance with what
Munawar stated (2011) that the element N is needed in
large amounts for the entire vegetative growth process.
The increase in available P reached 101.61 ppm
on the use of compost from the initial soil which
originally had a P-available content of 4.49 ppm. With the
use of sediment increased to 95.20 ppm and with the
combination of available sediment and compost P
increased to 116.06 ppm.K-exchange increased by 3.98%
in the use of compost from the initial soil which originally
contained K exchanged by 2.28%, with the use of K
sediment exchanged to 3.99% and by combining sediment
and compost Taliwang swamp plant K-swapped to 4.10%.
Organic C decreased initially containing 1.06%
by giving compost to 0.82%, by giving sediment to 0.81%
and by giving sediment and compost to 1.07%. This is
thought to be due to uptake by plants and activation of
soil microorganisms in increasing nutrients and regulating
substances grow. The effect of organic matter on soil

biology is to increase microbial activity in the soil and
from the results of this microbial activity will be released
various growth regulators such as auxin and vitamins that
will have a positive impact on plant growth (Sutanto,
2002). Despite a decline in organic C, the provision of
organic matter in the soil must be carried out to maintain
and increase land productivity. Nikmah (2010) states that
continuous planting can deplete soil organic matter.
Therefore, the addition of organic material must still be
done every time planting to overcome soil degradation
(decreased fertility) soil). The provision of organic
fertilizer in addition to increasing soil physical fertility,
can also increase the availability of nutrients (P and K)
for plants. Sutanto (2002) revealed that the addition of
organic matter to the soil can increase the availability of
nutrients in the soil and be able to improve plant growth
and increase soil moisture content.

The results of the diversity analysis showed that
the sediment had a significant effect on organic C, total
N, available P and K nutrients, compost had no significant
effect on the supply of organic C but had a significant
effect on the supply of nutrients N, P, K and interactions
between sediments occurred and compost in P and K.
nutrient elements Analysis of variance (anova) and further
tests of Taliwang swamp sediment and compost treatment
of organic C, N-total, P-available and K-exchanged C
elements can be seen in table 2.

Table 2. Analysis of variance (ANOVA) and further tests of sediment and compost treatment of organic C, N-total, P-
available and K-exchanged elements

Observation variable

Treatment C- organic N-Total P- available K- swapped
(%) (%) (ppm) (%)
S0 0.84b 0.10b 99.73b 3.89%b
S1 1.02a 0.13a 111.8% 4.08a
BNJ 0.15 0.01 3.39 0.46
KO 0.86a 0.09b 93.68c 3.73c
K1 0.93a 0.12ab 105.77b 3.73c
K2 0.96a 0.11ab 106.84b 3.96b
K3 0.89a 0.12ab 109.12ab 4.21a
K4 0.99a 0.13a 114.99a 4.28a
BNJ 0.34 0.03 7.70 0.29

Note: Numbers followed by different letter notation in the same column and row are significantly different based on the

tukey testat the 5% level.

Provision of 40 t/ha of sediment on land can
increase organic C to 1.02% compared to without
sediment only containing 0.84%. Provision of 40 t/ha of
sediment gives a significant effect on increasing total N
by 0.13% while without administration of total N
sediment by 0.10%. Sediment has a significant effect on
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P. nutrient availability. By administering 40 t/ha the
sediment will increase 111.89 ppm P nutrient higher than
without the administration of sediment 99.73 ppm.
Whereas the exchanged K increased to 4.11% compared
without the provision of sediment which had an
exchangeable K content of 3.89%.
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Compost has a significant effect on N-total, P-
available and K-exchanged nutrient content, but does not
have a significantly different effect on organic C. N-total
increased at 40 t/ha to 0.13% compost, available P
increased to 114.99 ppm at 40 t/ha, while exchanged K
increased by 4.28% at 40 t/ha Taliwang swamp compost.

2. Interaction of Sediment and Compost Giving of
Taliwang Swamp Plant to Soil Nutrients (C, N, P
and K)

The interaction of sediment and compost
treatment occurs significantly in the availability of P and
K nutrients for plants. Analysis of the interaction of
sediment and composter treatment on the P-available and
K-exchanged elements can be seen in Table 3.

Table 3. Interactions of Taliwang's swampy sediment and compost treatment on P-available elements

Compost s (C)

P available KO K1 K2 K3 K4 BNJ
P-tersedia
Sediment (S) (without compost) (10 ton/ha) (20 ton/ha) (30 ton/ha) (40 ton/ha)
SO 92.17d | 99.67cd 99.35d 104.18bcd 104.70bcd 1288
S1 95.20d | 110.56bc 114.33ab 114.66ab 125.29a
. Compost s (C)
K was switched KO K1 K2 K3 K& BNJ
Sediment (S) (tanpa kompos) (10 ton/ha) (20 ton/ha) (30 ton/ha) (40 ton/ha) K-tertukar
SO 3.47d 3.62cd 3.83bcd 4.27a 4.24a 0.46
S1 3.99abc 3.9%bcd 4.09bc 4.15cd 4.31a '

Note: Numbers followed by different letter notation in the same column and row are significantly different based on the

tukey test at the 5% level.

The results of variance showed that the highest
increase in P and K nutrients occurred in S1K4 treatment.
P is available at 125.29 ppm S1K4 treatments, far higher
than controls and other treatments. K exchange in S1K4
increased to 4.31% compared to control (SOKO) and other
treatments. In general, P-available and exchanged K
developed well when the administration of Taliwang
swamp sediment and compost was increased

3. The effect of the provision of sediment and
Talivang Swamp Plant Compost on the Result of
Chili

Interest Amount

Sutrisna and Yanto (2014) state that the presence
of sufficient N, guarantees good growth, higher yields and
fully developed fruit. The element P influences a lot on
flowering and its development, fruit hardness, fruit color,
vitamin content and accelerates fruit maturation. Element
K influences the increase in sugar content, vitamin
content, total acid content and increases the amount of
fruit harvested

Table 4. Factors for the treatment of sediment and compost as well as further testing of the average number of cayenne
pepper plants at the age of 56hst to 98 hst

Amount of interest

Treatment 56 hst 70 hst 84 hst 98 hst
SO 11.72b 14.09b 38.67b 45.73b
S1 28.88a 38.81a 90.67a 98.07a
BNJ 7.10 8.64 36.06 27.07
KO 11.93b 13.67b 48.26b 46.77d
K1 16.24ab 24.18ab 54.07b 60.35cd
K2 20.90ab 26.39ab 64.58b 71.86hc
K3 23.93ab 33.21ab 68.34ab 85.66ab
K4 28.50a 34.66a 88.80a 94.88a
BNJ 16.18 19.69 21.96 16.14
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Note: Numbers followed by different letter notation in the
same column and row are significantly different based on
the tukey testatthe 5% level.

Table 4 shows that the treatment of sediment and
compost has a significant influence on the flowering of
cayenne pepper plants. This can be seen in the results of
the ANOVA variations at each observation interval. The
best increase in the amount of flowers occurred in the
provision of sediment 40 t/ha with an average number of
flowers reaching 32.55 flowers at 56 days after planting,
39.23 flowers at 70 days after planting, 83 flowers at 84
days after planting and 104 flowers at 98 days after
planting, whereas without sediment administration the
average number of flowers at 56 days after birth is 7.06
flowers, 11.26 flowers at 70 days, 33.30 flowers at 84
days and at 98 days after only reaching 47.7 flowers.

In compost treatment, the highest number of
flowers occurred in the provision of compost of 40 t/ha at
the age of 98 days as many as 94.88 pieces, while without
the provision of compost that was 46.77 fruit per planted
flowers. This is presumably due to the role of P and K
nutrients available through the provision of Taliwang
swamp compost. The availability of these nutrients can
increase the growth and productivity of chili plants
(Alhrout, 2017). Between the two treatments there was no
significant interaction seen on the number of flowers
observed.

Number of Fruits

The number of fruits per plant increased with
increasing doses of Taliwang swamp sediment and
compost as shown in table 5.

Table 5. Factors for the treatment of sediment and compost as well as further testing of the number of cayenne pepper at the
age of 56 hst to 98 hst

Amount of fruit

Treatment 56 hst 70 hst 84 hst 98 hst
SO 0.38b 4.900b 8.81b 30.08b
S1 0.52a 15.4a 25.47a 60.49a
BNJ 0.09 11.66 10.44 25,51
KO 0.170c 5.854b 7.54c 25.62¢
K1l 0.33bc 7.48b 12.69bc 36.88bc
K2 0.45b 10.67ab 15.71b 38.75bc
K3 0.53b 11.48ab 23.99a 57.83ab
K4 0.78a 15.33a 25.75a 67.36a
BNJ 0.09 6.98 6.25 25,51

Note: Numbers followed by different letter notation in the same column and row are significantly different based on the

tukey test at the 5% level.

Table 5 shows that sediment has a significant
effect on increasing the number of fruits at each
observation interval. At the age of 98 days without the
provision of sediment the number of fruits produced was
only 30.08 fruit crops, but by giving sediment the average
number of fruits could reach 60.49 fruit crops. As with
compost sediment, it also affects the increase in the
number of cayenne pepper. At the age of 98 days after
giving 40 t / ha of cayenne compost can produce 67.36
fruits per crop, whereas without compost the number of
fruits is only 25.62.

The addition of fruit is thought to be due to the
sedimentation and compost of Taliwang swamp plant
which is able to activate soil microorganisms in
increasing N, P and K nutrients. These elements have
their respective roles in sustaining plant growth. Nitrogen
is a constituent of plants that determines the quality of
plant organic matter. Nitrogen is present in a variety of
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plant protein compounds, nucleic acids, hormones,
chlorophyll and a number of primary and secondary
metabolite compounds. Nitrogen is also essential for cell
division, cell enlargement, and for growth (Gardner et al.,
1991). Phosphate compounds in plants act as energy
dealers and energy storage needed for growth and
reproductive processes (Salisbury and Ross, 1995).
Potassium serves as a transportation medium that carries
nutrients from the roots including P nutrients to the leaves
and translocates assimilates from the leaves to the entire
plant tissue. According to Lingga and Marsono (2001) the
main function of potassium (K) is to help the formation of
protein and carbohydrates. Potassium also plays a role in
strengthening the body of the plant so that leaves and fruit
do not fall easily. So that with the availability of nutrients
N, P, and K plant growth for the better. Plant growth is
good then the production will also be good.
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Fruit Weight

Treatment of sediment and compost and the
interaction between the two treatments gave a significant
effect on the weight of chillies at all observation intervals.
The increase in the weight of cayenne is thought to be
because sediment and compost are able to provide a large
amount of P and K nutrients. These elements are very
important for fruit formation and fruit weight. Primanto

(1998) states that in the generative period plants need a
lot of nutrients to produce energy for plants, namely
phosphorus and potassium. Energy is needed by plants in
forming flowers, fruit and other growth processes. The
effect of sediment and compost on the weight of cayenne
pepper at the age of 56 hst up to 98 hst can be seen in
graphs 1and 2
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-40 Fruit weight (g)

Graph 1. Effect of sediment administrationontne welgntorcayenne pepper at the age of 56 hst to 98 hst

Graph 1. shows that giving 40 t/ha of sediment
can increase the average fruit weight of cayenne pepper.
The effect of sediment is greater on the average fruit
weight when cayenne peppers reach adulthood. At the age
of 56 HST, the weight of cayenne pepper did not show a
significant difference between sediment and those without
sediment. Weight of fruit at the age of 56 hst 0.7 g in
plants that received sediment and 0.46 g in plants that

were not given sediment. Significant improvement began
to be seen in the observation of 70 days to 98 days. At the
age of 98 days the weight of the fruit without the
administration of sediment was only 39.87 g, but with the
administration of 40 t/ha of sediment, the average fruit
weight could reach 94.93 g or 2 times heavier compared
to plants without sediment administration.
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| Fruit weight (g) 84 hst |
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Graph 2. The effect of compost on the weight of cayenne pepper at the age of 56 to 98 hst

Graph 2. Shows that compost treatment has a
significant effect on average fruit weight at all

observation intervals. The higher the amount of Taliwang
swamp compost, the higher the weight of cayenne pepper.
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From observations of 56 DAT to 98 DAT, 40t / ha of
compost had the highest fruit weight, namely 1 g at 56
DAT, 238 g at 70 DAT, 34.41 g at 84 DAT and 100.61 D
at 98 DAT while plants without compost has the lowest
weight at each observation interval which is 0.32 g at 56
days after planting, 7.89 g at 70 days after planting, 12.67

g at 84 days after planting and 32 g at 98 hst after
planting.

An interaction between sediment and compost
treatment occurred on the weight of cayenne pepper as
shown in table 6.

Table 6. Interaction Factors of sediment and compost treatment on the weight of cayenne pepper

56 hst Kompos (K)

KO K1 K2 K3 K4 BNJ
Sediment (S) (without compost) (10 ton/ha) (20 ton/ha) (30 ton/ha) (40 ton/ha)
SO 15.09¢ 39.91bc 43.08bc 47.79bc 53.50bc 4751
S1 50.29bc 75.85b 75.85b 124.97a 147.72a '

Note: Numbers followed by different letter notation in the same column and row are significantly different based on the

tukey test at the 5% level.

Table 6 shows that sediments and compost are
able to increase the weight of crop fruit. Provision of
sediment and compost with increasing amounts helps
plants produce fruit with a higher weight. This is thought
to be due to the P and K nutrients produced through the
provision of Taliwang swamp sediment and compost. P
and K are very important for fruit formation in
accordance with the report of Dewi (2016) which states
that the presence of phosphate elements in plants can
increase fruit yields. After the fruit is formed phosphate
plays a role in the weight of the fruit to form proteins,
minerals and carbohydrates in the fruit. Fruit weight is an
indication of the results of photosynthesis stored in fruit
flesh and other constituent parts of the fruit (Novizan,
2002). The percentage of flower to fruit is also influenced
by nutrient Potassium. As stated by Lingga & Marsono
(2001) that Potassium plays a role in strengthening the
body of the plant so that leaves, flowers and fruit do not
fall easily.

v. CONCLUSION

Based on the results and discussion described above, the

following conclusions can be drawn:

1) The application of Taliwang Sediment and compost
for the Swamp plant does not have a significant effect
on the supply of organic N and C, but it is very
influential on increasing P and K nutrients.

2) Taliwang swamp sediment and compost have a
significant effect on increasing the number of flowers,
fruit and weight of cayenne pepper

3) Provision of 40 t / ha of sediment and 40 t / ha of
Taliwang swamp compost can increase the number of
flowers, fruit and weight of cayenne fruit up to 2 times
compared without the provision of Taliwang swamp
sediment and compost.
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Abstract— In Indonesia, pineapple isone horticulture commodity which has high potential in international fruits
trade, therefore the plantation should maintain itshigh yield and good fruit quality. One cause that determined
pineapple yield was water availability even though pineapple could resist dry period. Irrigation is always
needed in pineapple plantation, however, thisis a costly treatment and high irrigation level has not always lead
to significantincreasesin crop productivity. Thisstudy aimed to investigate the possible factors that determined
pineapple productions in Indonesia biggest pineapple plantation in Indonesia using all climate factors
available. Some statistics methods were used to utilize the available climate data to analyze the rainfall
probability, rainfall frequency distribution, evapotranspiration estimation, water balance, water use efficiency
and weather impacts on fruit qualities. The results showed that water from average annual rainfall should be
adequate for the pineapple water needs, however there were months had water deficit and needed irrigation.
Low evapotranspiration rate reflected dry soil which could be the results of high air and soil temperature. This
high temperature also affected on fruit qualities. It is suggested to conduct researches on how pineapple
productions and qualities that plants under shading trees.

Keywords— pineapple production, rainfall probability, rainfall frequency, evapotranspiration, water use.

L. INTRODUCTION

Group is an integrated plantation located in Lampung,

Pineapple [Ananas comosus (L.) Merr] is the third most
important tropical fruit by value after banana and citrus
(Carr, 2012). The Pineapple are commercially grown in
warm and humid climate, over a wide range of latitudes
from 30° N in the Northern Hemisphere to 33°58 S in the
Southern Hemisphere. Pineapple grows well in tropical
and subtropical climate ranging from mild coastal climate
up to an altitude of about 1000 meters provided the area is
free from frost. Pineapple is grown mainly for fresh,
canned fruits and juice; also, it is the only source of
bromelain and enzyme used in pharmaceuticals (Cahyono,
Astuti and Rahmat, 2016).

Five leading pineapple producing countries are: Costa
Rica, Brazil, Philippines, Thailand and Indonesia (Hossain,
2016) . World production of pineapple reached 19 million
tonnes in 2008 with the industry dominated by Brazil
followed by Thailand, the Philippines and Indonesia
(Dhungel, Bhattarai and Midmore, 2012). One statistic
report posted that leading countries in pineapple
production worldwide in 2017 as in Figure 1. In Indonesia,
pineapple is one horticulture commodity which has high
potential in international fruits trade. Great Giant Agri-
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Indonesia, operated in 32,000 Ha area and planted in large
part with pineapple but also banana, cassava, guava and
other fruits. This plantation company now is the third
world largest pineapple producer with more than 600,000
MT fruit annually (Loekito, 2018).

Based on that good production, the climatic conditions of
Indonesia must be favorable for

pineapple crop. Pineapple most favourable temperature to
grow is between 18 and 35°C and optimal development
and better fruit quality is achieved with ambient
temperature between 22 and 32°C, thermal amplitude
between day and night of 8 to 14°C and relative humidity
higher than 70% (Dhungel, Bhattarai and Midmore, 2012).
Pineapple is generally produced under a wide rainfall
range of 600 mm to more than 3500 mm annually ( Zhang
et al, 2016) which Indonesia rainfall could provide.
However, the use of irrigation is essentially needed to
guarantee and optimize the agricultural production due to
its climatic restriction in terms of spatial and temporal
variability of rainfall.

Indonesia receives significant rainfall year-round but
experiences a wet season that peaks in January and a dry
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season that peaks in August. Dry season rainfall anomalies
are spatially coherent, strongly correlated with local sea
surface temperature, and tightly coupled to El Nino—
Southern Oscillation (ENSO) variations in the Pacific
basin (Hendon, 2003). Rainfall irregularity produces a
delay in some phenological stages of the pineapple plants
resulting in reduction of the fruits production, therefore,
the actual crop water requirements needs to be investigated
in more detail so that proper irrigation could be
incorporated to its production system, especially since
irrigation system for a big company is costly and high
irrigation level has not always lead to significant increases
in crop productivity (de Azevedo et al., 2007).

One of the main features of pineapple is its adaptation to
areas of low rainfall. It differs from most other commercial
crops in that it has a photosynthetic adaptation
(crassulacean acid metabolism (CAM)) that facilitates the
uptake of carbon dioxide (CO2) at night. This dramatically
improves its water-use efficiency when it is grown under
dry conditions. But in the Great Giant Agri-Group
company, there has been a decrease in productivity and
fruit quality, resulting in small fruits or large fruits with
small-sized crowns or with a conical shape. This is
disadvantageous because the crown is one of the main
pineapple planting materials. It is always the goal to obtain
the best fruit quality with vigorous crowns (Suwandi,
Dewi and Cahyono, 2016).

One factor that strongly affected pineapple cultivation
must be the local climate, for example, cultivation of
pineapple in regions with high levels of solar radiation can
burn the fruit, giving rise to a loss in yield or an increase in
production costs ( Custodio, 2016). Penicillium
funiculosum infection is favoured by cool temperatures
(16-20°C) while Chalara paradoxa are produced under
conditions of high humidity and can be dispersed by wind
(Joy and Sindhu, 2012).

Based on the above reasons this study aimed to investigate
some local climatic factors that affect the pineapple fruits
production.

. MATERIALS AND METHODS
The data came from the The Great Giant Agri-Group
research station located in Terbangi Besar, Lampung,
Indonesia (4> 49°15.5” S and 105° 15°27.4” E, 46 m asl).
The texture of the soil is sandy clay with particle sizes of
52.4% sand, 2.6% silt and 45.0% clay.

2.1. Data availability:
1. Monthly rainfall 1981-2016
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2. Daily maximum and minimum air temperature,
humidity, wind speed and radiation 2007-2015 missing
the 2013 for calculating daily evapotranspiration

3. Monthly water use from sprinkle irrigation in 2015

4. Fruit maturity (%) and plant diseases infection (scoring)
and related weather record (maximum and minimum
tempareture, radiation and rainfall) 2008 -2013

5. Soil temperature 2016

2.2. Data analysis

2.2.1. Rainfall analysis

22.1.1. The 75 % probability of exceedence

The first step in the frequency analysis is to rank all
the rainfall data. After the rainfall data are ranked, a
serial rank number (r) ranging from 1 to n (number
of observations) was assigned. Subsequently the
probability have to be determined that should be assigned
to each of the rainfall depths. If the data are ranked in
descending order, the highest value first and the lowest
value last, the probability is an estimate of the
probability that the corresponding rainfall depth will be
exceeded. When data are ranked from the lowest to the
highest value, the probability refers to the probability
of non-exceedance. Hence the probabilities are
estimates of cumulative probabilities. They were
formed by summing the probabilities of occurrence of all
events greater then (probability of exceedance) or less
than (probability of non-exceedance) some given
rainfall depth. Finally, the probabilities of exceedance
have to be estimated by a chosen method which was

(%*100) and in this study the 75% probability was
chosen (Dirk, 2013). The results was presented in Table 1.

2.2.1.2. Normal Rainfall

Normal rainfall is an average of the precipitation values
over a 30-year period. Rainfall may very often be either
well above or well below the seasonal average, or
"normal.”.

2.2.1.3. Rainfall Frequency Distribution

A frequency distribution is an overview of all distinct
values in some variable and the number of times they
occur. This method was used to analyze number of certain
rainfall range occured in the study area ( Dirk, 2013). The
frequency distribution and the histogram could be done
using Excel (Table 2).

2.2.2 Evapotranspiration estimation

The CROPWAT model was developed by the
Department of Land and Water Resources of FAO.
CROPWAT 8.0 for Windows is a computer program for
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the calculation of crop water demand/requirements and
irrigation demand/requirements based on soil, climate
and crop data and using Penman-Monteith equation to
estimate evapotranspiration. The input data used for
calculating potential evapotranspiration are: minimum
temperature (°C), maximum temperature (°C), sunshine
hours (hrs), wind speed (km/day), relative humidity (%)
and latitude, longitude and altitude of the study area
(Clarke, 1998) (Table 3).

2.2.3. Water balance

The water balance was conducted following Thornthwaite
(1957) method; and the components and steps were as
below:

P = Rainfal counting with 70% probability of excedence;
PET = Evapotranspirastion calculated using CROPWAT;
P-PET= Difference between P and PET; APWL=
Accumulation Potential Water Loss = 0, if P > PET and if
P < PET (negative ) then APWL on the previous month
was added with the next month negative P-PET ; SWC =
Soil water content= PWP + [{ (1.00041-(1.0738L/(FC-
PWPI(APWL)*(FC-PWP)}; AWC = Accumulation
water content= SWC of a month subtracted to SWC of
precious month ;AET = Actual evapotranspiration; if P>
PET then AET=PET; if P < PET then AET= P + |AWC|;
Finally, water surplus = P- AET-AWC and Water
deficiency = AET-PET

The field capacity and welting point of the study area were
measured at the soil laboratory and the results were: field
capacity was 90.2 mm and permanent welting point was
67.7 mm. The result was shown in Table 4.

2.2.4,
eficiency

Irrigation amount in general and water use

Irrigation was applied in turn on different block area (ha);
to estimate the irrigation amount in general for each
month, the average irrigation and the frequent irrigation
amount that applied per day on vertain month was
calculated; the results was shown in Table 5.

2.2.5 The main weather factor for fruit quality

Multiple regression and correlation were statistic method
used to investigate weather impact on each of the fruit
qualities. This calculation is available on Excel
spreadsheet.

1. RESULTS AND DISCUSSION
3.1 Rainfall analysis
The rainfall 75% probability of exceedence in Table 1
showed that from May to October rainfall that could be
expected with 75% probability was under 100 mm.
Pineapples can grow well under a wide range of rainfall
from mean annual precipitation (MAP) 600 - 1 200 mm.
However, irrigation is necessary when MAP is < 500 mm
or when consecutive months of low rainfall occur (Schulze
and Maharaj, 2017). Mean annual precipitation in the
study area was 2021.9 mm; should be enough for
pineapples growth, however, the rain did not fall evenly
while pineapples is planted all year. From that rainfall data
it could be predicted that irrigation would be needed from
May to October.
Rainfall frequency distribution and the histogram were
presented in Table 2 and Figure 2.
Roughly, 84% of rainfall felt under 400 mm/month; and
the most frequent monthly rainfall was between 50 to 100
mm. In general, eventhough the total amount of rainfall
was adequate for supporting pineapples growth, irrigation
is still needed in this plantation.

Table.1: Rainfall 75% probability of exceedence and normal value from rainfall data 1981-2016

Months 75 % probability Normal (mm) | Months 75 % probability Normal
(mm) (mm) (mm)
January 256.0 378.9 July 35.0 85.0
February 219.5 333.3 August 2.0 67.1
March 298.0 388.4 September 6.5 725
April 150.0 2114 October 45.0 104.9
May 87.5 143.3 November 143.5 195.0
June 40.0 82.9 December 236.0 347.6
Table 2. Monthly rainfall frequency distribution (1982-2016)
Rainfall Rainfall Rainfall Rainfall
. Frequency . Frequency Bin Frequency Bin Frequency
Bin (mm) Bin (mm) (mm) (mm)
0 13 250 46 450 12 700 1

50 49 300 35 500 15 750 1

100 51 350 31 550 8 800 0

150 48 400 28 600 5 More 0

200 46 650 7
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3.2 Evapotranspirationestimation
The estimated daily evapotranspirastion for each month in the year 2008-2015 was presented in Table 3.

Table 3. Daily evapotranspiration for each month on period 2007-2015.

Year

Months 2007 2008 2009 2010 2011 2012 2014 2015
January 348 353 351 353 3.18 363 354 4.10
February 297 273 2,86 358 3.00 372 379 388
March 379 323 381 405 326 405 4.06 4.42
April 346 341 367 391 330 434 434 4,04
May 3.60 335 363 313 3.40 4.16 3.85 416
June 3.07 318 329 265 312 3.90 351 411
July 324 372 283 320 335 408 3.70 441
August 3.86 353 381 315 4.10 447 445 470
September 392 379 411 3.16 412 490 486
October 402 388 364 308 3.48 428 454
November 3.60 317 329 312 3.48 360 3.98
December 3.17 2.97 3.49 3.17 3.19 3.22 3.37

Crop water requirements (ETm) for high pineapple
production are very different from those of most other
crops. Because of crassulacean acid metabolism (CAM),
pineapple is adapted to dry environments by suspended
transpiration during the day (Dhungel, Bhattarai and
Midmore (2012) and Carr (2012). As a result, maximum
evapotranspiration is low and varies between 700 and 1000
mm per year. Data above showed that daily mean
reference evapotranspiration was about 3.42 mm or about
1249 mm/year, while from the data above mean annual
precipitation in the study area was 24465 mm. The
results was lower that that in Brazil which crop
evapotranspiration was (ETc = 4.6 + 0.5mm day-1) and
reference evapotranspiration was (ETo = 5.1 + 0.4mm day-
1) (de Azevedo et al., 2007)

Carr (2012) also mentioned that over the monitored 341-
day period in Brazil the potential

evapotranspiration rate (ETc) was relatively constant 4.1 +
0.6 mm per day and ETc totalled 1420 mm and ETo 1615
mm. For the crop coefficient Kc (=ETc/ETo0), in the FAO
crop evapotranspiration manual, Allen et al [16] specified
the following Kc values for pineapple: the initial stage, Kc
= 0.50; mid-season, Kc = 0.30; end-season, Kc = 0.30 (all
values assume that 50% of the ground surface is covered
with black plastic mulch, as practised in Hawaii).
However, for well-watered pineapple crops Kc has
maximum values of 0.8-09. Indeed, (Souza and
Reinhardt, 2007) even suggested that, for a crop with
100% ground cover, Kc = 1.0-1.2, which would appear to
be excessive. Assumed this study using the Kc suggested
by Carr (2012) then the crop water requirement would be
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about 1124 mm/year which was supplied adequately from
the rainfall (2,446.5 mm/year). Again, this area should not
lack of water for the crops growth if it distributed evenly
through the year and if 100% of the rainfall would be
utilized by crops.

The root system of pineapple is shallow and sparse. In
deep soils, maximum root depth may extend up to 1m but
roots are generally concentrated in the first 0.3 to 0.6 m,
from which normally 100 percent of the water is extracted
(D = 0.3-0.6 m). Under conditions when assumed the
maximum evapotranspiration was reached (5 to 6
mm/day), water uptake started to be reduced when about
50 percent of the available soil water has been depleted

(p = 0.5) (Stedutoet al., 2012).

3.3 Water Balance

Based on water balance analysis (Table 4), months with
surplus water were January to April and November to
Desember; and months with deficit water were May to
October except July. Cahyono, Astuti and Rahmat (2016)
calculated the water balance at the same location using
data from 30 years found similar results that deficit moths
were June to October. Related to those results, it was
obvious that irrigation was still a need if crops were
planted on those deficit months.

Pineapple can survive long dry periods through its ability
to retain water in the leaves which is used during these
periods. However, the crop is sensitive to water deficit,
especially during the vegetative growth period, when the
size and fruiting characteristics are determined. Water
deficits retard growth, flowering and fruiting. Water
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water
and

should meet full
Bhattarai

supply during this period
requirements of the crop (Dhungel,
Midmore, 2012).

Water deficit at flowering has a less serious effect and may
even hasten fruiting and result in uniform ripening. An
ample water supply at flowering will lead to vigorous stem
growth and a large core which is disadvantageous when
the fruit is used for canning. Frequent irrigation or rain at
the time of harvest may cause deterioration of the quality
of the fruit and make the crop susceptible to the fungus
causing heart rot. In addition, waterlogging affects fruit
quality. Where water supply is limited, mulching is
practised to reduce soil evaporation and soil temperature.
Dew has been found to contribute to meeting the wafer
requirements of the crop (de Azevedo et al., 2007).

3.4 Irrigationamount in general during deficit months
and water use eficiency

From the standard evapotranspiration it could be assumed
that crop water requirement was about 3.42 mm/day. Table
5 showed that the irrigation application was satisfied the
crop water requirement. Total area irrigated from May to
November 2015 was 42,103.7 ha and total irrigation was
4,235.8 m3/ha. On one study in Queensland, Australia
irrigation input during the crop period for the oxydation
and control treatments was 2,524 and 2,405 m3/ha
respectively (Dhungel, Bhattarai and Midmore, 2012) ; the
irrigation in the study area was higher than that at the
Queensland area, could be because of lower precipitation
(mean annual precipitation in the study area was 2,021.9
mm) compared to 4,250 mm in Queensland. A study of
water consumption for some crops including pineapple in
Thailand gave the results as follow mean annual rainfall
was 832 mm and irrigation was 5,402 m3/ha (Gheewala,
2014).

Table 5. Average Irrigation and amount of irrigation frequently applied

Most Most

Average frequent Average frequent

Month Totalarea | irrigation irrigation Month Totalarea | irrigation irrigation
(ha) (mm/day) (mm/day) (ha) (mm/day) (mm/day)

May 1316.95 4.36 2.95 September 8032.24 19.47 13.80
June 5489.50 15.52 11.92 October 7531.39 25.03 15.98
July 6666.81 221.53 169.16 November 5282.02 116.85 43.80
August 7784.79 20.82 11.67

Average Yyield

in 2015 was 62.44 ton/ha and total

3.5 Efect of weather factors to fruit quality

irrigation on that period was 4,235.8 mé/ha; then it can be
concluded that irrigation water requirement was 67.83
mé/ton. The result was in good comparison with the
irrigation water requirement for pineapple plantation in
Thailand 135-326 m3/ton in dry season and 6-67 m3/ton in

Besides water other weather/climate factors were also
important in crops production especialy the fruit quality.
Statistic correlations between fruit maturity and some
weather factors were shown in Table 6; and for diseases
infections were in Table 7.

wet season (Cahyono, Astutiand Rahmat, 2016).
Table 6. Statistic correlations between fruit maturity and weather factors

Column 1 Column 2 Column 3 Column 4 Column 5
Column 1 1
Column 2 0.292475 1
Column 3 -0.17027 -0.10144 1
Column 4 0.147971 0.526875 -0.30591 1
Column 5 -0.24557 -0.61235 0.168391 -0.55934 1

Column 1: fruit maturity; column 2: maximum air temperature; column 3: minimum air temperature; column 4: radiation
intesity and column 5: rainfall.
Table 7. Statistic correlations between diseases attack and weather factors

www.ijeab.com

Column 1 Column 2 Column 3 Column 4 Column 5
Column 1 1
Column 2 0.337658 1
Column 3 0.123746 -0.10144 1
Column 4 -0.18676 0.526875 -0.30591 1
Column 5 -0.15571 -0.61235 0.168391 -0.55934 1
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Column 1: diseases attack; column 2: maximum air
temperature; column 3: minimum air temperature; column
4: radiation intesity and column 5: rainfall.

For the fruit maturity, the multiple regression was 0.34 and

regression was (r2) =0.11

The equation was Y= 4955+ 1.240 tmax — 1.44 tmin -
0.03 radiation- 0.004 rainfall; while for diseases infections
the multiple regression was 0.55488 and regression was
(r®) = 0.307891. The equation was Y= -35.88 +1.271 tmax
+0.168 tmin -0.082 radiation-0.002 rainfall

In both quality factors air temperature especially the
maximum temperature played important roles. In general
this study site had maximum temperature 31.89 °C and
minimum temperature  23.57°C; good fruit quality for
pineapple is attributed to growing sites having a
combination of relatively cool night temperatures, sunny
days and day temperatures ranging from 21 to 29.5°C but
not exceeding 32°C (Hossain, 2016). Similar to that, it is
noted that optimal development and better fruit quality is
achieved with ambient temperature between 22 and 32°C,
thermal amplitude between day and night of 8 to 14°C and
relative humidity higher than 70% (Dhungel, Bhattarai and
Midmore, 2012).

Key issue concerning the cultivation of pineapple in
regions with high levels of solar radiation is it could burn
the fruit, giving rise to a loss in yield or an increase in
production costs (by up to 11.7%) since the crop has to be
protected through the provision of artificial shade. Under
shade conditions, the growth and survival of a plant is
closely associated with its ability to intercept light

efficiently. Some species exhibit phenotypic plasticity, in
that they could modify their shape and structure in
response to changes in luminosity to improve
photosynthetic efficiency (da Silva et al., 2017).

High temperature in the study area was also reflected on
the soil temperature as presented in Table 8 (data fromthe
year 2016), As stated above, pineapple roots are generally
concentrated in the first 0.3 to 0.6 m, from which normally
100 percent of the water is extracted, on this depth the soil
temperature could reach a range of 33.9 to 37.3°C. In
contrast, Table 2 showed that daily mean reference
evapotranspiration was about 3.42 mm much lower than
that in Brazil which the reference evapotranspiration was
(ETo = 51 + 04mm day 1) (Allen, 1998). Lower
evapotranspiration indicated that the soil was dry -water
was not available to be evaporated. It could also indicated
that even water from rainfall and irrigation was not
adequate to prevent the soil from being dry by sun
radiation. Therefore, to maintain good yield and good fruit
quality, from agroclimate views, irrigation should be
intensified especially during months with water deficit.
Regarding global warming, high air and soil temperature
and probably decreasing rainfall trend could be negatively
impacted pineapple production in the future. Farmers in
Nsawam  Adoagyiri  district, Ghana  considered
supplementary irrigation especially during the dry months
of the growing periods where rainfall is generally low
(Williams et al., 2017)

Table 8. Soil temperature (°C) for morning, noon and afternoon in different depth.

Months 07.00 13.00 17.00
Depth (cm) 0 5 50 100 0 5 50 100 0 5 50 100
January 27.7 27.3 30.3 30.1 345 335 30.2 30.1 318 319 30.3 30.2
February 27.2 27.1 29.7 29.8 33.3 32.6 29.8 29.8 318 316 29.7 29.8
March 27.9 27.9 30.2 30.1 335 33.8 30.2 30.1 311 315 30.1 30.1
April 27.2 27.2 29.9 30.1 34.2 34.0 30.0 30.1 31.6 321 30.0 30.1
May 274 27.3 30.2 30.1 33.7 34.1 30.2 30.2 31.6 32.3 30.2 30.1
June 26.5 26.4 294 295 333 334 29.4 29.5 31.2 31.9 29.4 29.5
July 26.4 26.5 29.2 29.3 345 338 29.2 29.3 31.9 318 29.2 29.3
August 26.8 26.5 29.3 29.2 37.1 34.9 29.3 29.2 33.9 335 29.3 29.2
September 27.1 27.1 29.8 29.7 37.3 35.2 29.8 29.7 33.6 33.7 29.8 29.7
October 27.0 26.9 29.2 29.3 32.7 319 29.2 29.3 30.8 30.8 29.2 29.3
November 27.4 27.3 29.4 29.4 33.3 318 29.4 29.4 31.3 31.0 29.4 29.4
December 27.7 27.6 29.8 29.4 33.7 32.7 29.7 29.4 32.2 3L.7 29.7 29.4
Maximum 27.9 27.9 30.3 30.1 37.3 35.2 30.2 30.2 33.9 33.7 30.3 30.2
Minimum 26.4 26.4 29.2 29.2 32.7 31.8 29.2 29.2 30.8 30.8 29.2 29.2
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Lampung Province produces about 32.77% from all
pineapple production in Indonesia and 99.71% is planted
in Central Lampung. Most of Central Lampung is a flat
lowland area (25 -75 m asl) and pineapple plantation is a
large open area without any trees; this could be the reason
of hot and dry environment. Some smaller pineapple
plantations in Indonesia is located in hills area and with
shading trees, however, most common is in an open area
of lowland (Pusat data dan sistim informasi pertanian,
2016). An experiment of planting pineapple under shade
conditions in Brazil resulted that under normal light
conditions, the rate of synthesis and degradation of
chlorophylls of plants under direct sunlight and under
shading was the same, but degradation can be accelerated
by excess solar. The thicker aquiferous hypodermis
detected in nonshaded plants might function as a filter to
protect chlorophyllous tissue from intense radiation,
thereby reducing the level of chlorophyll degradation.
Moreover, no significant differences regarding yields or
mean masses of pineapple fruits were detected between
treatments. However, the percentages of sunburned fruits
were significantly higher under direct sunlight treatment
(da Silva et al., 2017).

V. CONCLUSION

This study did not aim to solve all problems in this
pineapple plantation since other factors: soil and
cultivation management factors that important in
pineapple cultivation were not included. High air and
then soil temperature seemed to be the critical factor that
needed to manage. Researches on how pineapple
productions and qualities under shading trees should be
considered in the future especially in general it is
predicted that air temperature might increase.
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Abstract— The aim of this study was to evaluate the effect of different stages of corpus luteum on ovary size,
oocytesgrades and follicular population. A total of 109 buffalo ovaries were collected from the slaughterhouse and
transported to the laboratory for determination of ovaries weight, length, width, thickness, follicular population and
oocytes grades. The results obtained revealed that the effect of types of CL on ovary weight and size showed a
significant difference in the type of CL groups with ovary weight and ovary size. Ovaries having CL in late-stage
showed the highest mean of ovary weight, length, width and thickness over the CL in the early and middle stage.
Moreover, the results showed no significantly different in the type of CL groups with follicular population and

oocytes grades.

Keywords— Buffalo, Ovary, Corpus luteum, Follicular population, oocytes grades.

1. INTRODUCTION

Corpus luteum (CL) is an endocrine gland formed after
ovulation of graffian follicle and contributes to regulate
estrous cycle and maintenance of pregnancy (Schams and
Berisha, 2004). In different stages of estrus cycle and
pregnancy, corpus luteum has several stages in size and
structure (fields and fields, 1996). Corpus luteumsynthesizes
and secretes hormones such as progesterone, estrogen,
relaxin, oxytocin, vasopressin and inhibin (Fields, 1991).
Progesterone is essential steroid hormone necessary for
establishing of pregnancy in domestic animals (Tomac et al.,
2011). Moreover, blood progesterone has useful tool to
determine an appropriate time of insemination, monitoring
of cyclicity and pregnancy diagnosis in buffaloes (Batra and
Pandey, 1983) .The aim of the current study was to evaluate
the effect of different stages of corpus luteumon ovary size,
oocytes grades and follicular population.

1. MATERIALS AND METHODS
2.1 Study area:

www.ijeab.com

The present research was conducted in year 2018 — 2019 at
Central Institute for Research on Buffalo, Hisar Haryana,
India, located between Latitude: 29°09'14” N Longitude:
75°43'22" E and Elevation abovesealevel: 216 m.

2.2 Experiment design

One hundred nine buffalo ovaries having CL were collected
immediately after slaughtering from Delhi slaughterhouse
and transported to the laboratory in an insulated container
containing normal saline with antibiotics. In laboratory, all
tissues attached to ovaries were removed and all ovaries
were washed twice in saline solution containing antibiotics
(Dharmendra et al., 2011). After wash all ovaries were
classified into three groups: Group having CL in early
stage, middle stage and late stage.

2.2.1 Determination of ovaries weights:

Ovaries were weighed by using an electronic scale balance
and expressed in gram (Kouamo et al., 2014).

2.2.2 Determination of ovaries lengths:
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Ovaries lengths were measured using electronic Vernier
calipers as the distance from anterior pole to posterior pole
and expressed in cm (Samad and Raza, 1999).

2.2.3 Determination of ovaries widths:

Ovaries widths were measured using electronic Vernier
calipers as the greater distance fromthe medial to the lateral
surfaces and expressed in cm (Bukar et al., 2006).

2.2.4 Determination of ovaries thicknesses:

Ovaries thicknesses were measured using electronic Vernier
calipers as greatest distance along an axis vertical to the
longitudinal axis and expressed in cm (Razzaque et al.,
2008).

2.2.5 Determination of follicular population:

For each ovary, visible follicles were counted and follicle
size was measured with electronic Vernier calipers.
Follicles were classified into 3 categories: small (<3 mm),
medium (3 to 8 mm) and large (> 8 mm) (Baki Acar et al.,
2013).

2.2.6 Oocytes collection:

Oocytes were collected by aspiration of surface follicles (2—
8 mm diameter) using 18-gauge disposable needle attached
to a 10 ml syringe in aspiration medium. The follicular fluid
was collected in tube and kept for 15 minutes. The sediment
was collected in 60 mm Petri dish and oocytes were
searched under stereo zoom microscope.

2.2.7 Grading of Oocytes:

Oocytes were graded as: A, B, C and D according to
homogenous of ooplasmand cumulus cells layer.

1. STATISTICAL ANALYSIS
Data were analyzed using SPSS (Statistical Package for
Social Sciences) Version 18. The analysis of variance and

Duncan's test statistics were used to analyze appropriate
data sets. Differences were significant at P < 0.05.

V. RESULTS AND DISCUSSION
The effect of types of CL on ovary weight and size is
presented in table 1. The results showed significantly
difference (P<0.05) in type of CL groups with ovary weight
and ovary size. Ovaries having CL in late stage showed
highest mean of ovary weight (5.03+0.17), length
(2.3520.05), width (1.74+£0.05) and thickness (1.48+0.03)
over the CL in early and middle stage. The mean weight,
length, width, thickness were significantly higher in ovaries
having CL in late stage as compared with ovaries having
CL in early and middle stages. This result may occur due to
hyperplasty of fibroblast of the connective tissue and
vascularity contributes to an increase in size of the CL
(Jablonka-Shariff et al., 1993).
The effect of types of CL on follicular population is
presented in table 2. The results showed no significant
difference between type of CL and follicular population.
May be due to progesterone mechanism which inhibits
follicular growth through suppression of LH which is
critical for continued growth to large follicles (Bartlewski et
al., 2001). Campbell et al (1991) reported that the CL
secreted inhibin hormone into ovarian venous blood which
has widely affect on ovarian follicular growth. These results
were different than that found by (Mervat and Marwa,
2019) in cow. This difference might be due to animal and
environment.
The effect of type of CL on oocyte grades is presented in
table 3. The results showed no significant difference
between type of CL and oocyte grades.

Table -1 Means (£ SE) values of early, middle and late stage of CL:

Ovary size
Factors No. of ovary Weight Length Width Thickness
Early CL 26 3.38+0.24° 2.09+0.09° 1.41+0.06° 1.20+0.02°
Middle CL 23 4.03+0.24 2.14+0.09 1.54+0.06" 1.47+0.04°
Late CL 60 5.03+0.172 2.35+0.05° 1.74+0.05% 1.48+0.03%
CL P <0.05 - .000 .015 .000 .000
a,b,c In each column different letters (a, b) indicated significant difference between group (p<0.05  No =number  SE =
Standard Error CL =corpus leutum
Table -2 Means (+ SE) values of early, middle and late stage of CL:
Number of follicles
Factors No. of ovary Small Medium Large Average No
Early CL 26 1.46+0.30 0.46+0.16 0.31+0.11 2.23+0.29
Middle CL 23 1.13+0.29 0.61+0.18 0.26+£0.14 2.00£0.35
Late CL 60 1.22+0.18 0.52+0.13 0.28+0.06 2.02+0.20
CL | P<0.05 - .690 .858 .957 821
No =number  SE = Standard Error CL = corpus leutum
www.ijeab.com Page | 1357
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Table -3 Means (£ SE) values of early, middle and late stage of CL

Oocytes grades
Selected oocytes for
Factors No. of ovary | 1 I v IVEP. land Il
Early CL 26 0.23:0.20 | 0.46+0.34 0.50+0.46 0.1240.12 0.69+0.53
Middle CL 23 0.39+0.27 | 0.52+0.38 0.35+0.27 0.09+0.09 0.91£0.64
Late CL 60 0.20£0.15 | 0.35+0.25 0.78+0.65 0.0 0.55£0.39
cL | P<0.05 - 791 920 890 295 880
No=number SE = Standard Error CL = corpus leutum

V. CONCLUSION
From the present study, it is concluded that the highest
ovary weight and size in ovaries with CL in late stage than
others stages. So, the corpus luteum has a great effect on
ovarian morphology without having effect on oocyte grades
and follicular population in buffaloes.

ACKNOWLEDGEMENTS
The author thanks the CIRB administration for allow him to
did this research in Embryo laboratory and CV Raman
fellowship for support this research.

REFERENCES

[1] Baki Acar, D., Birdane, M.K., Dogan, N. and Gurler,
H. (2013). Effect of the stage of estrus cycle on
follicular population oocyte yield and quality, and
biochemical composition of serum and follicular fluid
in Anatolian water buffalo. Animal Reproductive
Science. 137, 8-14.

[2] Bartlewski, P.M., Beard, A.P. and Rawlings, N.C.
(2001). Ultrasonographic study of the effects of the
corpus luteum on antral follicular development in
unilaterally ovulating western white faced ewes.
Animal reproduction Science; 65:231 — 244.

[3] Bukar, M.M., Amin, J.D., Sivachelvan, M.N and.
Ribadu, A.Y. (2006). Postnatal histological
development of the ovaries and uterus and the
attainment of puberty in female kid goats. Small
Ruminant, Research, 65:200-208.

[4] Batra, S.K. and Pandey, R.B.(1983). Luteinizing
hormone and oestradiol- 17 B in blood plasma and
milk during the estrous cycle and early pregnancy in
Murrah buffaloes. Animal Reproduction Science,
5:247 — 257.

[5] Campbell, B.K., Picton, H.M., Mann, G. E., Mcneilly,
A. S. and Baird, D.T. (1991). Effect of steroid and

www.ijeab.com

inhibin-free ovine follicular fluid on ovarian follicles
and ovarian hormone secretion. Journal Reproduction
and Fertility; 93:81 — 96.

[6] Fields, M .J and Fields, P.A. (1996). Morphological
characteristics of bovine corpus luteumduring estrous
cycle and pregnancy. Theriogenology; 1295- 1325.

[7] Fields, P. A. (1991). Relaxin and other luteal secretory
peptides: Cell localization and function in the ovary.
In: familiari, G, Makabe, S., Motta, P.M (eds):
Ultrastructure of the ovary. Electronic Microscopy on
Biology and Medicine,9;177 — 198.

[8] Kouamo. J, Dawaye. S.M, Zoli. A.P. and Bah. GS.
(2014). Evaluation of bovine (Bos indicus) ovarian
potential for in vitro embryo production in the
Adamawa plateau (Cameroon), Open Veterinary
Journal, 4(2): 128-136.

[9] Mervat, SH. and Marwa, E. (2019). Evaluation of
Corpora lutea effect on ovarian morphology, follicular
population and biochemical profile in follicular fluid
and blood of slaughtered cow. Assut Veterinary
Medicine Journal, 5:1-9.

[10] Razzaque, W.A.A., Sahatpure, S. K., Pawshe, C.H
and Kuralkar, S.V. (2008). Biometry of ovaries and
follicular count in cycling and non cycling Nagpuri
buffaloes (Bubalus Bubalis). Journal of Buffalo
Bulletin: 27.1:150-153.

[11] Samad, H.A. and Raza, A. (1999). Factors affecting
recovery of buffalo follicular oocytes. Pakistan
Veterinary Journal. 19:pp 56-59.

[12] Schams, D and Berisha, B. (2004). Regulation of
Corpus luteum functions in cattle-An overview.
Reproductive Dominant Animal; 241- 251.

[13] Tomac, J., Cekinovi, D. and Arapovic, J. (2011).
Biology of the corpus Iluteum. Periodicum
Biologorum; 113: 49 —73.

Page | 1358


https://dx.doi.org/10.22161/ijeab.45.9
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB) Vol-4, Issue-5, Sep-Oct- 2019

https://dx.doi.orq/10.22161/ijeab.45.9 ISSN: 2456-1878
6 -
5 4
4 -  Weight
N Length
3 E
1 Width
2 u Thickness
1 E
0 - . . . A — I_‘.-"
Early CL Middle CL Late CL P <0.05
Relationship between types of CL, ovary weight and ovary size
2.5 e
2
. = Small
¥
15 B Medium
1 i T @ large
o - - B A.cocyte/oavey
0.5 +
0 T T T
Early CL Middle CL Late CL P <0.05
Relationship between types of CL and follicular population
1+
09 1~
08 1~
07 1~ m|
0.6 o .||
05 1 =l
04 mIv
0.3 ® I and Il for IVEP
0.2
0.1

Early CL Middle CL Late CL P <0.05

Relationship between types of CL and oocytes grades

www.ijeab.com Page | 1359


https://dx.doi.org/10.22161/ijeab.45.9
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

https://dx.doi.orq/10.22161/ijeab.45.10

Vol-4, Issue-5, Sep-Oct- 2019
ISSN: 2456-1878

Identification of adequate Sahel climate
prediction models based on CMIP5: Mali case
Indentification des modeles adéquats de
prévision du climat sahélien sur la base du

CMIP5: Cas du Mali

Hamidou Diawaral, Vladimir A. Lobanov 2

1Département de Géographie, Faculté d’Histoire et de Géographie, Université des Sciences Sociales et de Gestion de Bamako (USSGB),

Mali, diawarahamidou@yahoo.fr

2 Department of climatology, Russian State Hydrometeorological University (RSHU), Saint-Petersburg, Russian Federation

Abstract— In this work, a multi-model of evaluation of future normals of temperature and rainfall for Mali was
built. For this, the normals of temperature and precipitations of twenty (20) climate models out of the forty-two
(42) in the CMIP 5 were compared individually with those of seventeen (17) stations for the temperature and
thirty (30) stations for precipitations. The objective function used is the standard deviation, which is even
smaller than the model is more efficient. The standard deviation of normals for all models with observations
exceeds 10% of the average of precipitations over the territory, however, for the temperature 85.0% of the
models (17 out of 20) give standard deviations representing less than 10% of the territorial average of the latter.
This which allowed classifying the models, their intrinsic performance for each element of the considered
climate. The analysis has shown that most models occupy very different range from one classification to another.
Thus, a general classification was made which has shown that the most efficient multi-model for temperature
and rainfall are different but the one giving the best approximation for the whole of the two elements (with a
minimum of standard deviation) is composed of the models of the Institute Max-Planck of the German
meteorology, this is MPI-ESM-LR and MPI-ESM-MR. The performance of this multimodel, compared to that of

each of the two models composing it, second rank for temperature and first for precipitations..
Keywords— Model; Multimodel; Standard deviation; Scenario; RCP.

l. INTRODUCTION
Il existe plusieurs méthodes d’estimation du climat futur
dont celles basées sur les scenarios d’évolution de la
concentration des gaz a effet de serre dans 1’atmospheére
(SRES) ou sur I’évolution du bilan radiatif de la terre ou
"forcage radiatif* (RCP), qui jouent un réle de premier
plan dans les wvariations du climat global. Pour
I’amélioration des modeles du climat et I’identification
des modeles les plus efficaces parmi tous les autres, le
projet international d’inter-comparaison des modéles
AMIP (Atmospheric Model Intercomparison Project) a vu
le jour en 1990. C’est dans ce cadre que s’effectue la
comparaison des modeles de la circulation globale de
I’atmosphére  AGGMs (Global Atmospheric General
Circulation Models), développés par différents groupes de
chercheurs & travers le monde (Gates, 1992), aussi bien
entre eux qu’avec les données d’observations (Alves et

www.ijeab.com

al., 2016). Ainsi, en 2005-2006, la troisieme phase
CMIP3 (Coupled Model Intercomparison Project phase 3)
du projet AMIP, sous I’autorit¢ du Groupe d'experts
intergouvernemental sur I'évolution du climat (GIEC), a
constitué une archive des résultats de la modélisation du
climat passé, présent et futur. Dans cette archive on
dénombre quatre (04) familles de scenarios d’évolution
du climat (Al, A2, Bl et B2) dans le SRES (Special
Report on Emissions Scenarios) et 26 modeles
climatiques (Meehl et al., 2007). Ce qui a constitué un
bon moyen d’estimation de la dynamique du climat dans
le futur dans différentes localités afin d’évaluer les
possibles conséquences de ce phénoméne et de pouvoir
développer des stratégies d’adaptation. Pourtant ces
modeéles climatiques donnent des estimations, parfois trés
différentes, des parameétres du climat suivant les zones
climatiques connues (suivant les critéres choisis, I’ordre
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de mérite des modéles differe. Certains modéles
reproduisent bien le climat européen, d’autres sont plus
performants pour représenter les systémes de moussons
tropicales)?. Ainsi, la prédétermination des
caractéristiques futures fiables du climat dépend de
I’efficacité des modéeles utilisés. Afin d’aider aux prises
de décisions dans la lutte contre les changements
climatiques et leurs conséquences a court, moyen et long
terme, le choix des modeles pour un milieu concret s’est
imposé comme une priorité (Planton, 2003 ; Foamouhoue
et Buscarlet, 2006). L’¢évaluation de la performance des
modeéles du climat consiste & confronter les résultats de
leurs simulations aux données d’observations disponibles.
Depuis 2012, dans la cinquieme phase (CMIP5) du projet
AMIP, le nombre et/ou la nature des scenarios et de
modeles climatiques a considérablement évolué. Le
nombre de scenarios est resté a quatre (RCP2.6, RCP4.5,
RCP6 et RCP8.5), mais désormais basés sur 1’évolution
du bilan radiatif de la terre (Representative Concentration
Pathways, ou RCP). Par contre le nombre de modéles a
passé a 42 (Taylor et al., 2012), rendant encore plus
difficile I’identification du/ou des modéles appropriés
pour une région. En plus nous avons assisté a 1’apparition
de nouveaux modeles dans le CMIP5, souvent au profil
de la disparition de certains anciens du CMIP3.

La thche de la sélection des modeles climatiques
performants pour une région donnée est un exercice
courant dans les pratiques hydrométéorologies. Par
exemple Perez et al. (2014), dans leur évaluation de la
performance des modeéles climatiques globaux pour la
région nord-est Atlantic, recommandaient, pour des
estimations futures du climat régional, les modeles
UKMO-HadGEM2, ECHAMS5/MPI-OM et MIROC3.2
(hires) pour les scenarios du CMIP3 et ACCESSL.0,
ECEARTH, HadGEM2-CC, HadGEM2-ES et CMCC-
CM pour ceux du CMIP5. Quant & Jena et al. (2015), ils
estimaient que quatre (04) modeles du CMIP5, a savoir
CCSM4, CESM1-CAM5, GFDL-CM3 et GFDL-ESM2G,
donnaient la meilleure approximation des précipitations
de la mousson indienne aprés comparaison avec les
données des observations de 1871 a 2005. Les modeles
recommandés dans ces exemples précédents sont tous
différents, ce qui montre clairement la complexité spatio-
temporelle des conditions climatiques et la nécessité de
I’identification des modeéles les plus efficaces pour chaque
région du monde.

En 2006, la simulation du climat de 1’Afrique de 1’Ouest
tropicale sur la période 1961-1990 a été réalisée par
Foamouhoue et Buscarlet (2006). Pour cela, ces

1 Climat. Modéliser pour comprendre et anticiper :
http://www.insu.cnrs.fr/files/plaquette_missterre.pdf
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chercheurs on utilisé le modele climatique régional
HadRM3 développé par le Met Office Hadley Centre. Ils
sont arrivés a la conclusion que ce modéle donnait une
assez bonne simulation de la température et des
précipitations, malgré quelques écarts aux observations
mis en évidence, notamment pour les précipitations. Ce
modele, utilisé dans le troisiéme rapport d'évaluation
(Assessment Report 3 — AR3) du GIEC en 2001, a depuis
disparu de la liste des modeles climatiques dans suivants
rapports.

La plupart des études de comparaison des données,
obtenues des modéles climatiques, d’avec les données
d’observations se limitent a la comparaison individuelle
des modeéles. Or il s’avére que généralement 1’utilisation
d’un multimodele (ensemble de modéles) apporte moins
d’erreurs, comparativement a I’utilisation d’un seul
modéle (Malenfant, 2016). Cela est dii au fait que les
biais s’annulent dans le multimodéle, permettant d’obtenir
des erreurs absolues plus petites que pour les modéles
individuels.

L’approche multimodéle est couramment utilisée en
modélisations hydrologiques et météorologiques depuis le
début des années 1980. Pratiquement tous les auteurs
(Shamseldin et al., 1997 ; Fritsch et al., 2000) qui s’y sont
essayeés sont arrivés a la méme conclusion, qui est la plus
grande précision du multimodéle comparé aux modeles
individuels.

Mais la performance d’un multimodéle n’est pas
forcement proportionnelle au nombre de modéles
individuels qui le composent (Ajami et al., 2006). Un
multimodéle composé d’un nombre restreint de modeles
peut étre beaucoup plus performant qu’un multimodéle
plus complexe.

Ainsi, Dobjectif principal de cette étude est
I’identification des modéles climatiques efficaces, issus
du CMIP5, pour la construction d’un multimodéle
performant d’évaluation des conditions climatiques
futures de la température et des précipitations au Mali.
Les objectifs spécifiques qui en découlent sont :

= Evaluation de la performance intrinséque de
chaque modele climatique utilisé en comparaison
des données d’observations de la température et
des précipitations.

» Classification des modeles selon leurs
performances individuelles et le choix des
meilleurs pour la construction du multimodeéle de
la température et des précipitations au Mali.

= Comparaison de la performance du multimodéle
avec celle de chacun des modéles individuels le
composant.
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1. CADRE GEOGRAPHIQUE DE L’ETUDE
L’étude a été réalisée sur I’ensemble du territoire du Mali
(Figurel). Le pays, situé au cceur de I’ Afrique de I’Ouest,
est caractérisé par un climat chaud avec [D’alternance
d’une saison séche et d’une saison des pluies. La durée de
ces deux saisons varie inversement du sud au nord. La
premiere est courte au sud et longue au nord. Le cumul
pluviométrique annuel sur le territoire varie de moins de
200 mm a plus de 1000 mm. Selon la quantité de pluie
recue par an et la durée de la saison des pluies, le
territoire du Mali est habituellement divisé en quatre
zones agroclimatiques (DNM, 2007); il s’agit, du sud au
nord, de:

= Ja zone Soudano-guinéenne (ou pré-guinéenne)
avec une saison des pluies qui dure plus de 6 mois
et une pluviométrie annuelle depassant 1000 mm;

= la zone Soudanienne dont la saison des pluies dure
environ 5 mois et le cumul annuel des pluies se
situe entre 600 mm et 1000 mm;

= la zonne Sahélienne avec une pluviometrie de 200
mm a 600 mm en 3-4 mois;

= la zone Saharienne dont la pluviométrie annuelle
est inférieure a 200 mm et la saison des pluies ne
dure que 2 mois.

1. MATERIELS ET METHODES

3.1 Matériels
Dans cette étude nous avons utilisé les températures
moyennes annuelles et les précipitations annuelles, sur
trente ans (1951-1980), de de dix-sept (17) stations pour
la température et de trente (30) stations pour les
précipitations, réparties sur tout le territoire du Mali.
Nous nous sommes limités aux données d’observations de
la période climatique de 1951 a 1980 pour deux raisons
fondamentales: 1. la faible qualité des données observées
des années plus récentes; 2. cette période est considérée
comme la derniere de la stabilité du climat. Pour ces
stations et sur la méme période, une base de données de
types identiques a été constituée pour vingt (20) modeles
climatiques retenus. Les détails sur ces derniers sont
présentés dans le tableau suivant:

Tableau 1: Informations générales sur les modeles

climatiques retenus

Ne | Modele Institution Pays

5 |CNRM-cms | Conve Nationalde o
Recherches Météorologiques

6 | IPSL-CMBA-LR Institut Pierre-Simon France
Laplace

7 | MPI-ESM-LR Max-PIanclf-Instltut fiir Germany
Meteorologie

8 | MPI-ESM-MR Max-PIanck.-Instltut flr Germany
Meteorologie

Centro Euro-Mediterraneo

9 |cMec-eM per | Cambiamenti Climatici Italy
10 | MIROCS MIROC Japan
11 | MIROC-ESM MIROC Japan

12 | NorESM1-M Norwegian Climate Centre | Norway

13| INMCM4.0 Institute fgr Numerical Russia
Mathematics

14 | HadGEM2-AO | Met Office Hadley Centre UK

15 | HadGEM2-ES | Met Office Hadley Centre UK

16 | HadCM3 Met Office Hadley Centre UK

17| GISs-E2-R NASA God-dard Institute for USA
Space Studies

CCsSM4 National Center for
1 . A
8 (Journal) Atmospheric Research us

19| GFDL-CM3 NOAA_GeophysmaI Fluid USA
Dynamics Laboratory

20 | EC-EARTH EC-EARTH consortium Various

Ne [ Modeéle Institution Pays

1 | CSIRO-Mk3.6.0 | CSIRO-QCCCE Australia
Canadian Centre for

2 | CanESM2 Climate Modelling and Canada
Analysis

3 | BCC-CSM1.1 Beijing Climate Center China

4 | BNU-ESM College of Global Change China
and Earth System Science

www.ijeab.com

Les données d’observations ont été fournies par le service
météorologique du Mali. Quant aux données des modeles,
elles ont été recueillies de la plateforme canadienne
« Données maillées du CMIP5 »?, sous forme de maillage
et en format « NetCDF ». Elles ont subi de multiples
prétraitements tels que leur extraction en format « xIsx »
et la constitution des séries pour chaque station par
interpolation linéaire double ou bilinéaire (Thiery, 1986).
3.2 Méthodes

Pour D’atteinte des objectifs de 1’étude, nous avons eu
recours a différentes procédures d’analyse des données,
chaque objectif étant spécifique. Les données de la
température de 1’air et des précipitations sont analysées
séparément.

3.2.1 Evaluation de la performance intrinséque de
chaque modéle climatique

La performance d’un modéle climatique est évaluée en
fonction de la comparaison des données dont il génére
avec les données réelles mesurées sur le terrain. Pour ce
travail, dans un premier temps, les normales de la
température et des précipitations de 1951 a 1980 ont été
calculées pour chacune des stations météorologiques,

2 Données maillées du CMIP5, http://scenarios-
climatiques.canada.ca/?page=gridded-data
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avec les données d’observations historiques et les données
de chaque modeéle climatique. Ensuite ces normales
climatiques, d’observations et de chaque modéle, sont
comparées. Le critere (la fonction-objectif) choisi pour
I’évaluation de la qualit¢ d’approximation des
observations par le modele est 1’écart-type:

g = Jzyzi{xﬂﬂs._xmud.]z

M)
n

oU Xops. €st la normale des observations; Xmod. est la
normale du modéle et n est le nombre de stations (ici n
égal a pour 17 la température et 30 pour les
précipitations).

L’interprétation de cette fonction-objectif est: « le modéle
est d’autant plus performant que 1’écart-type est petit ».
3.2.2 Classification des modéles selon leurs
performances individuelles et la construction du
multimodéle

La performance du modele est inversement
proportionnelle a 1’écart-type obtenu de sa comparaison
avec les observations. Pour chaque élément du climat de
I’étude (température et précipitations), les modeles ont été
rangés par ordre décroissant de la performance, du plus
performant (ayant le plus petit écart-type) au moins
performant (ayant le plus grand écart-type).

Pour la définition du multimodéle pour chaque élément
du climat, a partir du modéle de rang 1 (le plus
performant) les moyennes pour les stations ont été
calculées, en intégrant progressivement les modeles de
rangs suivants, et comparées aux observations selon la
fonction-objectif =~ précédemment  définie  jusqu’a
I’obtention du maximum de vraisemblance. Mais le
multimodéle définitif pour I’ensemble de la température
et des précipitations doit comporter les modeles classés
parmi les meilleurs pour chacun d’eux.

3.2.3 Comparaison du multimodele avec chacun
des modeles le composant

L’étape précédente permet de déterminer la composition
du multimodéle pour la prédétermination des conditions
climatiques futures sur la base des scenarios climatiques.
Afin de vérifier I’hypothése qui stipule la performance du
multimodéle par rapport a chacun des modeles qui le
composent, une classification de cet ensemble est réalisée
dont le multimodéle fait partie.

V. RESULTATS ET DISCUSSION
Les résultats obtenus des différents traitements
statistiques auxquels ont été soumises les données
d’observations et des modeles climatiques sont présentés
dans I’ordre des objectifs spécifiques que s’était fixée
cette étude.

www.ijeab.com

4.1.1 Evaluation de la performance intrinséque de
chaque modéle climatique

Les premiers résultats de 1’étude portent sur I’évaluation
de la performance de chacun des modeles utilisés, sur la
base des écart-types calculés. La distribution des écart-
types selon le modele pour la température et les
précipitations est présentée sur la Figure 2. Pour faciliter
la représentation graphique avec ceux de la température,
les écart-types pour les précipitations (qui sont d’ordre
tres élevé) ont été divisés par cent (100). Et pour faciliter
I’analyse de la figure, des limites de 10% de la moyenne
sur le territoire des normales de la température et des
précipitations ont été matérialisées sur cette derniére par
deux traits verticaux.

EC-EARTE

GFDL-CM:

CCSM4 (Towmal)
GISS-E2-R

HadGEM2-A0
INMOM4A.0
NorESM1-M

BNU-ESM
BCC-CSMI11
CanESM2
CEIRO-ME3.6.0 ;

Ecrat-type (G

@ Température @Précipitations
Fig.2 : Distribution des écart-types selon le modele pour
la température et les précipitations.

N.B.: Les traits hachurés verticaux représentent 10% de la

moyenne des normales de I’ensemble des stations.

L’analyse de la figure montre une différente remarquable
entre les performances de la plupart des modéles pour la
température et les précipitations. On remarque que
I’écart-type de tous les modeles dépasse 10% de la
moyenne des précipitations sur le territoire. Il y a cing
(05) modeles (GISS-E2-R, MPI-ESM-LR, BNU-ESM,
MPI-ESM-MR et MIROC-ESM) sur les vingt (20) qui
donnent des écart-types entre 10% et 20%.

Pour la température, les modeles donnant moins de 10%
de la moyenne sont beaucoup plus nombreux, ils
représentent 85,0% (soit 17 modéles sur 20 que compte
I’ensemble). Cela montre que les modéles donnent une
meilleure approximation de la température que des
précipitations, ce qu’avec pu remarquer Foamouhoue et
Buscarlet (2006). Parmi ces modéles, les cing (05)
premiers par ordre décroissant sont: MIROCS5, MPI-
ESM-MR, MPI-ESM-LR, CSIRO-Mk3.6.0 et HadCM3.
Aucun des modeles classés ici parmi les meilleurs n’a été
retenu par Perez et al. (2014), dans leur évaluation de la
performance des modéles climatiques globaux pour la
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région nord-est Atlantic. Le méme constat est valable par
rapport aux conclusions de 1’étude menée par Jena et al.
(2015) sur la qualit¢ des modéles dans ’approximation
des précipitations de la mousson indienne. Parmi les
modeles recommandés par ces auteurs, il y’en a cing (05),
soit CMCC-CM, HadGEM2-ES, EC-EARTH (pour Perez
et al.,, 2014) et CCSM4 (Journal), GFDL-CM3 (pour
Jena et al., 2015) qui ont été analysés dans cette étude et
qui se sont avérés beaucoup moins performants pour les
conditions climatiques du Mali. Cette analyse nous
permet de comprendre que la performance des modeles
climatiques est trés variables dans l’espace d’ou la
nécessité de leur vérification et validation avant toute
application de ceux-ci pour une zone climatique donnée.
412 Classification des modéles selon leurs
performances individuelles et la construction du
multimodéle
Les modeles sont ranges selon leurs performances, celui
de rang 1 étant le plus performant de tous. La
classification des modeles est effectuée aussi bien pour
chaque ¢élément du climat wutilis¢é dans 1’étude
(température et précipitations) que pour les deux. Cette
derniéres s’est basée sur la moyenne des rangs des
modeles pour les deux éléments. Ces classifications, en
fonction des écart-types des approximations des
observations par des modeles, est donnée le tableau
suivant :
Tableau 2 : Classification des modéles climatiques selon
leurs performances

Ecart-type (o) [Rang]

Modéle Température, | Précipitations, g?:ggl
°C mm
EC-EARTH 500[20]| 252.86[11]| 17
HadGEM2-ES 218[16]| 44061[17]] 18
IPSL-CM5A-LR 3.59 [18] 444.26 [18] 19
INMCM4.0 447019]| 472.94[19]| 20

Ecart-type (o) [Rang]
Modele Température, | Précipitations I?apg
' ' | général
°C mm
MPI-ESM-LR 0.95[3*]| 106.84 [2**]| 1
MPI-ESM-MR 0.82[2*]| 114.00[4*]| 2
BNU-ESM 1.37[9]| 108.44[3**]| 3
HadCM3 0.99 [4*] 19426 [9]| 4
GISS-E2-R 1.79[14]| 99.15[1**]| 5
MIROC5 0.69[1*]| 392.46[16]| 6
CCSM4 (Journal) 1.59 [10] 159.95 [7]| 7
GFDL-CM3 1.74 [11] 147.28[6]| 8
CanESM2 120[8]| 214.19[10]] 9
MIROC-ESM 1.79[13]| 116.20 [5**]| 10
BCC-CSML1.1 1.16[7]| 290.30[13]] 11
CMCC-CM 1.12[6]| 367.41[14]] 12
CNRM-CM5 1.99 [15] 182.99 [8]] 13
CSIRO-MK3.6.0 0.99 [5*]| 479.86[20]| 14
HadGEM2-A0 1.79[12]| 389.05[15]| 15
NorESM1-M 242[17]] 290.24[12]]| 16
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N.B.: * indique les 5 meilleurs modéles pour la
température et ** indique meilleurs modéles pour les
précipitations.

Ce tableau nous permet de constater que les rangs, dans la
hiérarchie des modéles, sont trés différents pour la plupart
des modeles en fonction de 1’élément climatique
(température ou précipitations). Par exemples les modéles
GISS-E2-R et MIROCS5 occupent respectivement les
rangs 14 et 1 pour la température et les rangs 16 et 1 pour
les précipitations. Seuls deux (02) modeles occupent le
méme rang dans les deux classifications. Ces modeles
sont IPSL-CM5A-LR (rang 18) et INMCM4.0 (rand 19).
Il est aussi a noter que seuls deux (02) modéles (les
modeles MPI-ESM-LR et MPI-ESM-MR de Max-Planck-
Institut fiir Meteorologie d’Allemagne) sont présents dans
le groupe des cing (05) plus performants modéles a la fois
de la température et des précipitations. Les trois autres
modeles du groupe des cing (05) meilleurs selon le
classement général sont BNU-ESM (College of Global
Change and Earth System Science, China), HadCM3
(Met Office Hadley Centre, UK) et GISS-E2-R (NASA
Goddard Institute for Space Studies, USA).

La comparaison des performances des multimodéles
formés pour la température est illustrée sur la Figure 3.
Sur cette figure la fourchette de rangs indiquée signifie la
composition du multimodéle. Par exemple le
Multimodéle de rang 1 & 2 est composé des deux (02)
premiers modeéles selon leur classification dans le tableau
2 et le Multimodéle de rang 1 a 10 est composé des dix
(10) premiers et ainsi de suite.

1.60

des multimodeéles pour la température, composés de 2
Jjusqu’a 20 modeéles climatiques.
La figure montre que le multimodele le plus performant
pour la température est celui formés des deux (02)
premiers modéles uniqguement (MIROC5 et MPI-ESM-
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MR). Apres on constate que, globalement, la performance 0.96
du multimodéle est plus faible d’autant plus que le Eﬁiﬁ
nombre de modeles est élevé. Ce qui conforte la these de 0.90
Ajami et al. (2006)3. \ E::
Quant aux multimodéles pour les précipitations, ils sont 084
présentés sur la figure suivante : 0.82
0.80

180.0

1600

14000

1200

o, num 100G
800

60,0

40.0

20,07

0.0~

0.78
0.76
0.74

Modals MPIESMLE Multitodéle MPT-ESM- Modale MEPLESM-ME
LE/MPI-ESM-ME

Fig.5 : Comparaison de la performance du multimodele
avec celle de chacun des modeles le composant, cas de la
température.

o
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Fig.4 : lllustration de la comparaison des performances 114.0
des multimodeéles pour les précipitations, composés de 2 ::Ui
Jjusqu’a 20 modeéles climatiques. o, mm 108.0 106
Ici, le multimodéle le plus performant est celui composé 106.0
des trois (03) premiers modeles, & savoir GISS-E2-R, o
MPI-ESM-LR et BNU-ESM. Le méme constat que pour 100.0 .
la Figure 3, par rapport a la diminution de la performance T lfmedte MPLESM.  Moféle MPLESMLR Modéle MPLESMAR

LRAPL-ESM-NME

du multimodéle avec 1’augmentation du nombre de
modeles le composant, est aussi valable ici.

Ainsi, compte tenu du fait susmentionné que les modeles
MPI-ESM-LR et MPI-ESM-MR sont les seuls ayant un
rang confortable (parmi les 5 premiers) dans la
classification de ceux-ci aussi bien pour la température
que pour les précipitations (voir tableau 2), ils sont
recommandés pour la composition du multimodele unique
d’évaluation des normales de la température et des
précipitations au Mali.

413 Comparaison du multimodéle avec chacun
des modeles le composant

Enfin cette derniére tdche a été réalisee suite a la
comparaison de la performance du multimodéle MPI- . ; . .
ESM-LR/MPI-ESM-MR avec celle de chacun des deux de la meilleur performance du multimodéle par rapport a

(02) modéles le composant. Ces comparaisons sont celle des_ modeles |nd|v_|duels qui e comp?o_sgr\t
présentées sur la Figure 5 (pour la température) et la (Shamseldin et al., 1997 ; Fritsch et al., 2000) est vérifiée

Figure 6 (pour les précipitations). pour le, c-as. de' la température mais ne 1’est pas pour le cas
des précipitations.

Fig.6 : Comparaison de la performance du multimodele
avec celle de chacun des modeles le composant, cas des
précipitations.

L’analyse comparative des deux (02) figures permet
d’affirmer que le multimodéle MPI-ESM-LR/MPI-ESM-
MR, pour la température, donne un meilleur résultat que
le modéle MPI-ESM-MR, mais de moins bon que le
modele MPI-ESM-LR. Au méme moment, le
multimodéle s’est avéré plus efficace que chacun des

modéles le composant pour les précipitations.

Ainsi, pour I’évaluation des normales de la température et
des précipitations au Mali, sur la base des vingt (20)
modeles climatiques utilisés dans cette étude, I’hypothése

V. CONCLUSION
Cette étude nous a permis de construire un multimodele
d’estimation des normales de la température et des
précipitations au Mali. Nous avons constaté que la
performance de la plupart des modeles pour la
température et les précipitations, en comparaison avec les
observations, est trés faible. L’écart-type des normales
pour tous les modeles avec les observations dépasse 10%

3 La performance d’un multlmodéle n’est pas forcement de Ia. moyenne deS pI’éCipItatlonS sur Ie territOIre. LES
proportionnelle au nombre de modéles individuels le composant.
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meilleurs modéles, avec un écart-type variant entre 10%
et 20% de la moyenne, pour I’approximation des
précipitations, sont GISS-E2-R, MPI-ESM-LR, BNU-
ESM, MPI-ESM-MR et MIROC-ESM. Par contre pour la
température 85,0% des modéles (17 sur 20) donnent des
écart-types représentant moins de 10% de la moyenne
territoriale de celle-ci. Ici les modéles MIROC5, MPI-
ESM-MR, MPI-ESM-LR, CSIRO-Mk3.6.0 et HadCM3
se sont révélés meilleurs aux autres.

La classification des modéles selon leurs performances
intrinséques pour la température et les précipitations a
montré une différence notable de rangs de certains
modeles en fonction de 1’élément climatique approché.
Par exemple les modeles GISS-E2-R et MIROCS
occupent respectivement les rangs 14 et 1 pour la
température et les rangs 16 et 1 pour les précipitations.
Seuls deux (02) modéles sont présents a la fois dans le
groupe des cing (05) plus performants modéles de la
température et des précipitations, ce sont les modeles
MPI-ESM-LR et MPI-ESM-MR de Max-Planck-Institut
fir Meteorologie d’Allemagne. C’est pourquoi 1’étude
recommande ces modéles pour la composition du
multimodéle unique d’évaluation des normales de la
température et des précipitations au Mali.

Ce multimodele, comparé a chacun des modeles le
composant, s’est avéré plus efficace que chacun de ces
composants pour les précipitations alors qu’il est moins
efficace que le modéle MPI-ESM-LR pour la
température.

On peut donc recommander le modéle MPI-ESM-LR
I’estimation séparée de la normale de la température dans
les scenarios climatiques. Mais pour les études faisant
intervenir a la fois la température et les précipitations, le
multimodéle MPI-ESM-LR/MPI-ESM-MR de Max-
Planck-Institut fiir Meteorologie d’Allemagne plus
efficace.
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Abstract—Infiltration is part of the hydrologic cycle, namely the process of entering water from the surface into
the soil. Infiltration is affected by vegetation, slope and soil type. This study aims to analyze the amount of
capacity and volume of infiltration in open land, shrubs and rubber plantations in the watershed Maluka. This
research method using the formula Horton with point observation using a purposive sampling by observing the
various land closure. The results showed that the highest infiltration capacity value on the secondary forest land
cover of 5,945 mm/hour and the lowest is the reeds with a value of 0,687 mm/hour. The value of the highest
volume of infiltration in the secondary forest of 3,249 mm3 whereas the lowest on the Palm of 0,153 mmg,
Keywords— Infiltration, Soil Permeability, Watershed of Maluka.

l. INTRODUCTION

Infiltration is the process or percolating water
ingress into the ground through the ground surface which is
a thick amount of water can seep into the ground in a unit
of time. Infiltration is the main source of the existence of
groundwater, in the absence of infiltration of rainwater into
the ground then limited water in the ground. Next Indarto
suggests that the rate of infiltration is the amount of water
that goes into the ground for a certain period®. Some of the
factors that affect infiltration are: (a) soil texture; (b) the
closing of land vegetation and land surface characteristics;
(c) levels of permeability land; (d) morphology of the land;
(e) the slope of the land, (f) the type and pattern of rainfall;
and (g) the intensity of the rain?34,

Infiltration is a part of the hydrological cycle i.e. the
process of water from the surface into the soil. A region if
infiltrations is interrupted, it will affect the region in the
hydrological cycle, so that the natural balance is not met.
Hydrological cycle is the movement of water into the air
then fall to the floor the Earth as rain®.

Patterns of land use is a major factor that affects the
soil infiltration. Thus, improving the soil infiltration and
reduces runoff-the surface is very important for the
conservation of soil and water, it can help farmers choose a
rational cropping pattern®. Measurement of infiltration on a
surface of land or under the closure of land usually consist

www.ijeab.com

of Infiltration capacity and infiltration rate, expressed in the
thick water per unit of time (inches per hour or centimeters
per hour). Rainfall exceeding infiltration capacity can lead
to the occurrence of surface flow to lower and ended in
rivers, creeks or other shelters in a basin. Some of the
factors that affect the rate of infiltration are: (1) the ability
of the land to clear water on the surface and infiltrated into
the soil; (2) water content in the soil profile, (3) the amount
of water available in the soil surface; and (4) the
characteristics of the land surface’.

The study of the rate of infiltration is intended to
find out how the speed and magnitude of the influx or his
pervasive water vertically to the body ground. By observing
or testing of this nature is expected to give an overview of
the needs of irrigation water that is required for a type of
soil for certain kinds of plants at one time. Infiltration rate
data can also be used to infer when a run-off will occur
when a type of land has received a number of specific water
through rainfall or irrigation water of ground level.
Infiltration rate measurement results data of this kind can
also be used for the purpose of planning the management of
irrigation water and soil and water conservation®.

Sosrodarsono suggests that the vegetation factors
affect the variation rate of infiltration, because vegetation in
addition to hardening the surface reduces role, it can also
improve infiltration®. According to Lee et al., the capacity
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of infiltration on soil vegetation higher than land does not
bervegetasi, and the type of vegetation is largely
determining the infiltration capacity'®. Related to problems
relationship this infiltration, vegetation and Widianto et al.
suggests that deforestation or trees simultaneously and tripe
exhausted has been disrupting the function of forest
hydrology, because such logging damages the soil surface
in the form of a decline in organic matter, the amount of
pore space, and rate infiltration of rain water't. Efforts
improve the physical properties of the soil and hydrological
functions of forest damaged can be charged at the coffee
plants, but there needs to be other efforts such as the
granting of extra organic matter, closing down plants,
making hole sink in, making the terrace and drains.

1. RESEARCH METHODS

The research was implemented on watershed
Maluka. Implementation of research, starting from the
month of February 2018 until finished. The object
examined was infiltration in secondary forest, Scrub,
gardens of rubber, palm oil, dry land Farming, open land,
Garden blend, and reeds. The equipment used in this
research is the Jerry cans to hold water, double ring
infiltrometer to measure the rate of infiltration, the
stopwatch to measure time, clinometer to measure sloping,
a ruler to measure the height of the face of the water,
hammer to insert the infiltrometer into the ground, the
camera for documentation during the study, the calculator
to calculate data, stationery. The materials needed in this
study is water.

2.1. Research Procedure

Layout of data retrieval or infiltration rate
measurements done on a purposive sampling, double ring
infiltrometer tools laying on the area or area that are
considered to be representative of the entire area are
examined according to the provisions.

Procedures of Data collection and Retrieval
Research layout of data retrieval or infiltration rate
measurements done on a purposive sampling, double ring

infiltrometer tools laying on the area or area that are
considered to be representative of the entire area of the
examined according to the provisions. Efforts are being
made to collect the necessary data in this research in the
form of primary data obtained by observing it directly in
the field (observation), which consists of the data retrieval
rate of infiltration in secondary forest, Shrubs, Rubber,
Palm Groves, dry land Farming, open land, Garden blend,
reeds. Secondary data retrieval is performed to complete the
study, the data collected in the form of data about an
overview of the location of the research obtained from the
relevant agencies, the rainfall data representing the region
of watershed Maluka retrieved from BMKG Station
Banjarbaru climatology, as well as a map of the watershed,
land cover Maps, sloping maps and maps of soil type.
2.2 Data Analysis

Infiltration Measurement Data analysis conducted in
secondary forest, Scrub, gardens of rubber, palm oil, dry
land Farming, open land, Garden blend, the reeds so that
the retrieved data and volume of infiltration capacity. On
the calculation of data research results using the formula
Horton infiltration. Model Horton is one of the well-known

infiltrationme * * = * _'kt ’ iwledged that
infiltration ca | = fet (fo-f) e ' to approach
the value of . fo-te Lok oe expressed
mathematical = Tet (1-e7) 12;
Description

fe . constant Infiltration (mm/h)

fo  :infiltration of the beginning (mm/h)

f - infiltration Capacity (mm/h)
v : Volume of infiltration (mm 3)
t : time

k : Constants

e :2.718

Follows details the level of classification of the infiltration
which can be seen on the Table 1.

Table 1. Classification of soil infiltration

Description Infiltration (mm/h)
Very slow <1
slow 1-<5
Being-slow 5-<20
Being 20 — <65
Medium fast 65 — <125
fast 125 — <250
Very fast > 250

Source: Lee, 1988
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I11.  RESULTS AND DISCUSSION

3.1 Analysis of Infiltration

Analysis of Infiltration Measurement tool using the
Double Ring Infiltrometer outer diameter 50 cm and the
inside diameter of 30 cm and a height of 30 cm above the
ground surface. The outer ring of water function is to
maintain the flow of the water ring the inside so that it
moves vertically to the bottom so it doesn't spread.

3.2 Permeability of Soils

Infiltration measurement approaches are conducted every 5
minutes, this is in accordance with the Madrid et al. that the
infiltration measurement using a circular metal ring with
five-minute intervals?®. Infiltration measurement is done on
a variety of land such as the closing of secondary forest,
Scrub, gardens of rubber, palm oil, dry land Farming, open
land, Garden blend, and reeds.

Based on the results of laboratory analysis of soil permeability values obtained Agricultural land as in table 2.
Table 2. The Results of the Analysis of Permeability

No. Land Cover permeability Texture Class Description
1 Secondary forest 2.21 Sandy clay Medium
2 Scrub 9.02 Days clay Rather fast
3 Rubber Gardens 4.95 Days clay t Medium
4 Palm 1.28 Sandy clay Rather slow
5 Dry Land Agriculture 1.49 Sandy clay Rather slow
6 Open Land 8.87 Sandy clay Rather fast
7 Garden Mix 1.59 clay Rather slow
8 the tares 7.24 Sandy clay Rather fast

Source: Primary Data Field

The data obtained can be seen the highest
permeability in bushland 9.02 cm/sec and lowest in
plantations of 1.28 cm/sec. This shows that the permeability
on the area can be said to be rather slow up rather quickly
because affected by factors of soil types sandy clay and
clay namely clay according to Rachim that the permeability
of the land has the increasingly rough texture then the
permeability of the faster, whereas soil texture on the areas
of research, namely clay, sandy clay and dusty clay which
is smooth, slick and somewhat very closely so that
permeabilitas low!*. Permeability is closely related to the
land if the pore size large movements of water and air in the
soil will be free so that his infiltration will be high.

Texture soil from the results of research are most
clays clay and clays. The soil clays and clay higher in water
saving compared to the sandy soil it is in accordance with
the opinion of Buckman and Brady; Islami and Utomo that
store water for power ground sandy have the binding power

against relatively low land permeability, because the
surface of contact between the surface of the soil with water
on soil texture and soil sandy this dominated by macro-
pores, therefore water that falls to the ground sandy will
soon be experiencing percolation and capillary water will
easily be separated because of evaporating®>1,
3.3. Average Capacity and Volume of Infiltration

Based on the results of the calculation of the
capacity curve of infiltration on the various land closure
(Figure 1), the situation analysis conducted further to find
out the average capacity and volume of infiltration. The
results of the analysis of capacity and volume of infiltration
in watershed Maluka presented at table 3. infiltration
capacity analysis results and the volume of infiltration in
the closure of land and sloping in watershed Maluka.

Table 3. The results of the analysis of capacity and volume of infiltration on the various closures of land and sloping in
Watershed Maluka

No. Land Cover fo (mm/h) fc (mm/h) f (mm/h) v (mm3)

1 Secondary forest 11 5,0 5,696 3,134

2 Scrub 8 3,0 3,217 1,493

3 Rubber Gardens 5 2,0 2,141 0,734

4 Palm 1 0,6 2,201 0,249

5 Dry Land Agriculture 1,3 0,7 0,750 0,304

6 Open Land 0,3 0,2 0,824 0,160

7 Garden Mix 8 4,0 4,303 3,151
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8 the tares 0,2 0,234 0,123
Source: Primary Data Field
Description
fo = When the initial infiltration capacity (mm/h)
fc = infiltasi time constant capacity (mm/h)
f = infiltration capacity or maximum rate of water into the soil (mm/h)
% = volume of infiltration (mm 3)

The results of the analysis of infiltration capacity
that the highest obtained at the close of the secondary
Forest land with a value of 3.134 mm/hour while
infiltrating the lowest land on the tares with a value of
0.123 mm/hour. This is due to the magnitude of infiltration
in secondary forest affected by the density of the heading.
The closure of the heading which more meetings will
increase the organic matter of the resulting litter. Palm land
vegetation cover soil is dominated by short grass that
rooting, so infiltration is low. This is in accordance with the
statement of Yanrilla where the rainwater that falls on the
soil surface is not direct but halted by the vegetation in the
form of the heading and the lower plants so that the
resulting infiltration will be high®”. This is supported by the
statement that the existence of trees then the rooting will
increase in the absorption of water so it will enlarge
infiltration?8.

Based on soil vegetation in addition to rooting
activity that helps to form aggregates of soil is also able to
protect surfaces from rain resistant so as inhibit the flow of
the surface. Vegetation can enhance infiltration because of
the rooting that is able to absorb the water goes into the
ground. As for the land that is not vegetation have a low
infiltration because there is no root that can absorb water so
high surface flow and can cause the onset of erosion.
Change and conversion of land use and forests usually have
an impact on the reduction of the rate of infiltration of
rainwater and capacity, as well as an increase in surface
runoff and soil erosion?9202122.232425

Table 3 shows that the highest volume of infiltration
on the closure of secondary forest land of 3.249 mm 3,
while the lowest volume of infiltration in the land of Palm
0.153 mm 3. It is influenced by soil conditions, permeability
and organic ingredients. Research on soil contains clay

obtained a high volume of low flow and infiltration of the
surface height. In addition to organic materials and
permeability infiltration also affected by the abundance of
rain water which fell (rainfall) and the amount of water that
is absorbed by the soil (infiltration) and left on the ground
and on the surface of the leaves and stem?:%”

Different soil causes the air permeated with different
pace. Every land has different absorption, on the type of
sandy soils tend to high infiltration rate and conversely clay
tend to rate his infiltration low. Note that the pore on the
clay in size small so that the movement of water and air in
the soil will not free then his infiltration is low and if rain
occurs on the area although with fairly low rainfall will
cause a flow of surface. On one of the same soil type with a
different density, then the rate of his infiltration is also
different, if the more dense the soil the more small rate of
his infiltration. Ground with grain that is too coarse (sand)
could not resist water and nutrient elements, thus the plants
that grow on the soil of this type is prone to drought and
nutrient deficiencies?®.

3.4.Land cover against Infiltration

Based on conditions in the field of land cover factors
affecting the rate of infiltration. If the more dense the soil
then the surface flow is high and low his infiltration. The
magnitude of the surface flow will cause the high removal
of topsoil and there is no chance of water that goes into the
soil (infiltration). Land cover data are based on the rate of
infiltration can be seen in table 4

Table 4. Land Cover Data Against The Infiltration Rate

No. Land Cover f (mm/jam) Description field
1 Secondary forest 5,696 medium- slow
2 Scrub 3,217 Slow
3 Rubber Gardens 2,141 Slow
4 Palm 2,201 slow
5 Dry Land Agriculture 0,750 very slow
6 Open Land 0,824 very slow
7 Garden Mix 4,303 Slow
8 the tares 0,234 very slow

Source: Primary Data Field
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Based on data obtained in field on his infiltration
rate of secondary forest at the time of observation, the
situation that is being slow and more slowly. This can be
affected by the State of the soil and the vegetation. On all
land cover only the rate of secondary forest his infiltration
is slow and more slow, this is because there is the
vegetation in the form of the trees roots can absorb water
into the ground but also influenced by the circumstances the
soil in the form of clay so that the rate of his infiltration
slow.

While the rate of land cover on all his infiltration
slow is due to the State of the vegetation then the surface
flow is high and low his infiltration as well as on the
influence by the circumstances of a clay soil. Soil texture is
the comparison of the content of the particles in the form of
clay faction, dust and sand. Soil particles have different
shapes and sizes. Coarse-textured soils have a high
infiltration capacity while the fine-textured soil his
infiltration capacity is small. Undertook to determine soil
texture in ground water that is in the form of infiltration
speed and ability of the binding of water by land.

Soils containing high amounts of clay can be
suspended by a grain of rain that fell on him and the pores
of the surface layer will be clogged by grains, this can lead
to the occurrence of surface flow and erosion which is quite
height. From a wide range of research on infiltration
capacity is indeed a sand fraction greater than the fraction
of clay, the clay fraction on induced rich smooth pore but
poor will pore large, otherwise the poor will sand smooth
and rich pore large.

Based on the above discussion of known capacity
and volume of infiltration on watershed of Maluka is
influenced by soil type and vegetation. But not only
vegetation and soil type that can affect the rate of
infiltration but also a high rainfall, which will cause the
ground became saturated in the absorption of the water be
not optimal, thus causing a high surface flow and triggered
erosion and can be concluded that the area of watershed
Maluka is going to flood-prone areas.

A very important part of infiltration in the
hydrological cycle, with the process of infiltration so can
reduce the occurrence of floods, reduce the occurrence of
soil erosion as well as meet the needs of crops or vegetation
will provide water and river water on When the dry season.

IV. CONCLUSIONS AND SUGGESTIONS
Based on the results of research that has been carried
out in watershed Maluka retrieved Data research results
obtained as a result of infiltration the highest on secondary
forest of 5.696 mm/h and low infiltration on the Tares of
0.234 mm/hour. And the highest Volume of infiltration in
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the secondary forest of 3.134 mma, while the lowest volume
of infiltration on the tares of 0.123 mm 3. Research on soil
contains clay and sandy clay high so obtained a low
infiltration volume and flow of the surface height.

The research of infiltration in watershed Maluka can
be said that in the process of his infiltration is low. This is
due to the condition of the soil will be less vegetation so
that the organic material content a bit. So should the area of
watershed Maluka is need for conservation action so that
the soil conditions are getting better and the danger of
erosion which will cause catastrophic flooding can be
resolved.
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Abstract— Water deficit or drought has an adverse effect on crop production, and it is one of the limiting
factors of world food security. A field experiment was conducted on different maize genotypes in University of
Debrecen to assess the impact of water deficit on the physiology, grain nutrition and yield of three maize
genotypes. The studied treatments were full irrigation and non-irrigation. The irrigated treatment did not
significantly affect grain yield and starch content. Grain protein, moisture content SPAD and leaf area
index(LAI) were significantly affected by irrigation. There was significant yield difference between the hybrids
and grain nutrition quality was also affected by hybrids difference at LSD 1%. For good nutritional quality
grain from the studied genotypes, the researchers propose (P 9911) Genotype under similar environmental

condition.

Keywords— Maize, Genotype, water deficiency, Physiology, Nutrient, and Yield.

l. INTRODUCTION

Soil water deficit is one of the biggest challenges in maize
plant growth Wu et al., (2011a). The effect of the global
changes resulting in varying rainfall patterns makes
drought more severe and frequent Easterling et al., (200)),
andmodels predict a 25% decrease in soil moisture content
between 2000 and 2040 Sabate et al., (2002), which will
bring big challenge to crop production because about 66%
of total cereal crop production is by rain-fed agriculture
Lobell et al., (2014).

The sensitivity of drought stress to plants depends on
varied degree of the drought stress, plant variety, and plant
developmental stages Demirevska et al., (2009). Several
studies have shown a reduction in plant growth because of
reduction in chemical signals being the cause of water
deficit in the soil. (Ismail and Davies, 1998; Hurley and
Rowarth, 1999; Ismail et al.,1994). Fresh and dry biomass
reduction are the common adverse effect of drought on
maize plants as reported by Zhao et al., (2006). The effect
of water deficit on the height, stem diameter
photosynthesis reduction caused because of decreases in
maize leaf expansion which impaired photosynthetic
activities has been reported (Zhao et al.,Demirevska et
al.,2009; Wahid et al.,2005). Photosynthetic pigments and
reduction in relative water content has been noted in a
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wide variety of plants Anjum et al., (2003) and Nayyar and
Gupta, (2006).

Drought is a protracted period of water deficient
precipitation resulting in extensive crops damage and yield
loss. Drought stress or water deficit is an inevitable and
recurring feature of global agriculture. Kramer (1980)
reported that about one-third of the world’s potentially
arable land suffers due to water shortage, and most of the
crops production is often reduced by drought. Water being
integral part of plants plays a pivotal role in the initiation
of growth, and subsequent maintenance of developmental
process throughout the plant’s life. The maize crops may
experience reductions of grain yields when subjected to
water deficit during the critical period of crop cycle from
tasseling stage to initiation of grain filling.

Plants productivity growth is fundamental to meeting the
increasing demands of the ever-increasing population, but
projection indicates that the future growth in cereal yields
will decline across nearly all regions. Water deficits are
responsible for a significant amount of this decline in
developing countries, where food security is will continue
to be a problem.

Irrigation plays a particularly large role in agricultural
production in developing countries, where it is projected to
account for 57% of the growth in cereal production
between 1995 and 2025, and 80% of the growth in global
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irrigated cereal production between 1995 and 2025
(Rosegrantet al. 2002). Nevertheless, added constraints
will continue to be placed on irrigation water supplies as
non-agricultural demand for water rises at much faster
rates than water demand for irrigation — though total
water consumption for non-irrigation uses will still be
much lower than consumption for irrigation. Several other
factors will also affect the availability of water for
agricultural ~ production, including  unsustainable
groundwater use, environmental demands for water and
water quality problems.

Maize (Zea mays L.) is a major cereal crop world over,
serving as a major staple for both human consumption and
animal feed. It has also become a major resource for indus-
trial applications and bioenergy production. Maize grain is
widely used for the preparation of corn starch, corn syrup,
corn oil dextrose, corn flakes, gluten, grain cake, lactic
acid and acetone which are used by various industries such
as textile, foundry, fermentation and food industries. The
consumption of maize as feed has also increased
tremendously with the development of poultry and
livestock industry. Maize is one of the grain crops in the
world which is the most versatile. It is used in the human
diet in both fresh and processed forms. The value added
has been an important economic driver in the corn markets
(Hallauer and Miranda, 1988).

1. MATERIALS AND METHODS

This is a long-term experimental set up at Latokep the
experimental field of university of Debrecen, Hungary in
the 2018 cropping year. Latokep experimental field is
about 15km away from the city centre with(Latitude
47°33'N  and Longitude 21°27°E).The area of Latokep
Crop Production Experiment Site lies along road 33 and
has an independent water extraction facility which
provides water necessary for irrigation from the water
reservoir. The soil for the experimental site calcareous
chernozem formed on the sag loess ridge. The climate and
weather condition are continental and often extreme. The
30-year — average value of precipitation 565.3mm, whiles
the precipitation for the planting to harvesting time was
290.4mm.
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In  this experiment set up, three maize
genotypes(DKC5943, P9903, and P9911) were planted on
a plot of land which has been used for the past 30 years.
The plot was divided into fully-irrigated and non-irrigated
plots. Fertilization of NPK(500kg ha?) and a plant density
of 72,500/ha *were used for all genotypes

In the irrigation treatment, crops were irrigated three times
at different dates as follows in the 2018 cropping season;
24" June — 50mm water

5t July — 25mm water

30™ August-25mm water.

The leaf area index (LAI) was measured using SS1-
SunScan Canopy Analysis System (Delta-T Devices, UK)
at four growing stages. The chlorophyll content of the
leaves was recorded using SPAD-502 plus (Konica
Minolta, japan). The Normalized Difference Vegetative
Index (NDVI) was measured using GreenSeeker Hand-
held NDVI Sensor, whiles plant height was measured by a
long ruler just before harvest. The grain quality (protein,
and starch) was recorded using a grain analyzer granolyzer
after harvest.

The aim of this experiment was to determine the effect of
water deficits on physiological traits, grain quality and
yield of three maize genotypes. Statistical analysis of data
was done using SPSS version 19 software to compare the
means.

11 RESULTS AND DISCUSSION
In this study, we examined the effect of irrigation on
different genotypes with regards to photosynthetic
parameters, grain nutrient quality and crop yield on the
selected hybrids. The evaluation of the data collected was
done using SPSS 19 for Windows statistical program.
From tablel (A) below, there is no significant difference
between the three Hybrids of maize from the analyzed data
of SPAD and LAI. NDVI had a significant difference at
LDS 5% between the hybrids.
Grain nutrients quality and grain yield in this experiment
were significantly affected at LDS 1% between the
different maize hybrids.
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Table 1: Effects of water deficit on physiological trait, grain quality and yield on different hybrids.

HYBRID (A) SPAD | LAI | NDVI | PROTEIN | MOISTURE | STARCH | YIELD(t/ha)
DKC 4943 61.23 | 2.44 | 0.75 8.68 14.85 74.38 15648.33
P 9903 61.15 | 256 | 0.74 9.23 15.25 73.60 15624.12
P 9911 59.58 | 2.55 | 0.77 9.61 16.09 74.48 16584.54
SZD 5% 3.38 0.77 | 0.02 0.22 0.25 0.52 749.04
SIG ns ns * el *x *x **
IRRIGATION(B)

NONIRRIGATED | 62.90 | 2.45 | 0.74 9.43 15.08 74.05 15025.16
IRRIGATED 59.61 | 2.34 | 0.76 9.74 15.35 73.86 15200.01
SZD 5% 1.95 0.44 | 0.01 0.13 0.14 0.30 432.46
SIG *x ns il wx il ns ns

**=1%, *= 5% and ns= not significant

This study find out that, SPAD, NDVI, Protein and
Moisture content were all significantly affected irrigation
at LSD 5% while Leaf area index, starch and yield were
not affected by irrigation as shown in table 1(B) above.
The non-significant difference of maize grain yield noted
from this study could be attributed to the good
precipitation in the cropping season resulting to unsevered
or harsh deficit conditions for the non-irrigated crops. This
study did not coincide with (Hall et al.,1980) who revealed
that, water deficit reduces leaf area and delays silking and
thereby reducing grain yield components, particularly
grain number.Stegman (1982) reported that yield of maize
was not significantly affected when it was exposed to
water deficit that induces a 30-40% depletion of available
water between irrigation. The review made by Kirda
(2000) indicated that similar works on many other crops
like sugar beet, sunflower, wheat, and potato have
demonstrated the possibility of achieving optimum crop
yields under deficit irrigation practices by allowing a
certain level of yield loss from a given crop with higher
returns gained from diverting the saved water for irrigating
other crops. McPherson and Boyer (1977) on their work
indicated that water deficit during grain filling stage on
sorghum caused only a small drop in yield. The average
grain yield of the genotype P9911 (15200.01 t/ha) under
irrigation condition.

Protein content was significantly affected by the level of
irrigation and varied considerably between the genotypes
ss shown in Table 1A.The protein content of maize grain
was significantly lower in treatments under non-irrigated
condition. The highest protein content (9.61% on average)
was noted in the genotype P9911 under irrigation
treatment. This showed that the protein content decreased
if the quantity of irrigation was above or below a certain
level and that shows that, proper water supply to maize
was beneficial to protein formation of maize grain. The
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high protein content under irrigation treatment could be
attributed to the increase in the activities of glutamate
synthase and glutamine synthetase, which are involved in
nitrogen metabolism by promoting nitrogen accumulation
and increasing the protein content of maize grains.This
study agrees with , (Aydinsakir et al. 2013)who
determined that in the ecological conditions in Antalya,
Turkey, the protein content of maize grain was the highest
with full irrigation and significantly lower with deficit
irrigation and under rainfed conditions. Contrary to this
present findings, Ertek and Kara 2013 studied the effects
of different irrigation levels on the yield and quality of
sweet corn in Turkey and reported the results that,
increasing irrigation decreased the protein content of
maize grain. Since protein is an important aspect of maize
grain production, the irrigation level for maize in the agro-
ecological environment of Hungary should be maintain.

From Table 1(A) above, the irrigation treatments had a
significant effect on the starch content in all three studied
genotypes meaning that the rate of grain filling differed
between genotypes. In the present research, the average
values of starch content percentage gradually increased
with increasing irrigation water, indicating that the grain
filling rate was different between the rainfed non-irrigated
treatment and irrigated treatments. The increase was not
large but statistically significant at LDS 5%. The reason
for these changes could be alterations in starch
biosynthetic enzyme activity and the accumulation of
starch in grain as water availability enhance enzyme
activities. The conclusion to this phenomenon is that
irrigation might result in qualitative and quantitative
differences in the rate of grain carbohydrate metabolism,
as well as endosperm changes that enhances the rate of
starch synthesis. (Zhao et al.,2009)however reported that,
mild drought increased and that a large water deficit
decreased the starch content. Research conducted by Lu et
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al.,2015 in China showed that water deficit had no effect
on the starch content of fresh waxy maize. Liu et al.,2013
also reported that the starch content of the grain samples of
maize grown with less irrigation was 3.0% smaller than
with high irrigation levels.
V. CONCLUSION

In summary, maize growth and yield responses were
related to adequate supply of water and careful selection of
cultivars in any given ecological zone. In this study, there
was a significant difference between different Maize
hybrids in their grains nutrition quality thus; protein,
moisture and starch content as well as maize grain yield
were all significantly affected at LSD 1% ( P < 0.01).
Photosynthetic parameters were not affected expect NDVI
which was significantly affected at LSD 5%.
Irrigation treatment significantly affected photosynthetic
parameters of SPAD and NDVI, and Maize grain protein
and moisture content at LSD 1%. Maize grain yield was
not affected although the irrigated treatment recorded a
higher average value of 15200.01t/ha, it was not
statistically significant.

Water deficit regulated the activities of antioxidative
defence system in all the maize hybrids thus, reducing the
severity of the drought. Again, all maize hybrids in this
study showed a variable response to water deficit stress
resulting in the production and accumulation of different
osmolytes in all hybrids. This study needs to carry out
again for one year of this experiment is enough to give a
definite general conclusion.
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Abstract— The study was carried out to analyse the profitability of okra production among small holder okra
farmers in Akinyele local government area, Oyo state. Multi-stage and purposive sampling technique was used
in data collection. A total of 75 respondents were sampled. Statistical tools such as frequency distribution,
production function and budgetary analysis were used in analyzing the data for this study. The result shows that
most of the respondents were male (90.7 %) and married (73.3%). The major problems faced by the respondents
in the study area include, inadequate transport facilities, weather condition and high cost of input. The
estimated costs and return of Okro producers realized per okra farmer per annum were N161,137.00 and N
77,317.76 respectively. Okra farming is lucrative in the study area with profitability index of 56.38 and a rate of
return on investment of 117.50% and operating cost ratio of 38.59%.

Keywords— Okro, Production, Gross margin, Budgetary.

. INTRODUCTION
Okra (Abelmoschus esculentus) (L) Moench) is an annual
fruit vegetable crop belonging to the Malvaceae family.
Abelmoschus has several cultivated species of economic
importance, two of which was identified as Abelmoschus
esculentus and Abelmoschus caillei (Siemonsma,
(Siemonsma, 1982). Varieties vary by plant height, size
of fruit, colour, early or late maturity etc. and they are
namely; white velvet, green velvet, long pod, lady finger,
dwarf green pods (Udoh et al., 2005. Vegetables are
among the stable food component whose production has
continued to increase in most countries of the world.
(Udoh and Akpan 2007). They are important protective
food for the maintenance of health and prevention of
diseases. They contain valuable food ingredients, which
can be successfully utilized to build up and repair the
body (Bakhru, 2003; Edet and Etim, 2007). The level of
vegetable consumption in Nigeria is rising annually
owing to the greater appreciation of their food value.
(Haruna, 2003). According to Kebede and Gan, (1999),
the source of farm income for small and limited resources
farmers are basically arable crop production, Vegetable
and non-vegetable crops. Its importance has been long
recognized all over the world (Ndaeyov et al, 2007). In
Nigeria, okra is grown basically in all the states of the
federation both as rain fed and irrigated crop because of
the highlighted values. Also, it serves as a source of
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income to its producers, labourers and marketers (Alimi,
2004). Production of these vegetables, especially okra as
a small scale enterprise can financially empower the
farmers especially those with little capital, limited access
to land and working under labor constraints. (Lewis
1997). The cash they provide contributes significantly to
the food security at the house hold level and enables
farmers to attain a degree of independence within the
family budget. This study examined how profitable okra
production is among small holder okra farmers Akinyele
local government area.

1. MATERIALS AND METHODS

Study area

The study was carried in Akinyele local government area,
Oyo state, Nigeria. Akinyele Local Government area was
created in 1976 with the administrative headquarters
located in Moniya. The Local Government shares the
same boundaries with Afijo local government to the
north, Lagelu local government area to the east, Ido local
government area to the west and Ibadan north local
government area to the south. The area lies between the
latitude 7.5309°N and longitude 3.9110°E, it occupies a
land area of 464.892 square kilometers with a population
density of 516 persons per square kilometers. Using 3.2%
growth rate from 2006 census figures, the 2010 estimated
population for the local government is 239,745. It is
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dominated by the Yoruba's among other resident tribes
such as Ibo, Tiv, Hausa, Nupe, Fulani etc. The residents
are of Christianity, Islamic and traditional religion. The
people of the local government are predominantly farmers
who mostly involve in crop production such as cassava,
pepper, yam, maize and vegetables, while some are
youths who are involved in trading and other businesses.
Akinyele Local Government is highly heterogeneous and
metropolitan in nature especially in areas like Ojoo,
Orogun, Shasha, Moniya and Akinyele where Nigerians
from different tribes and foreign Nationals resides.
Sampling Techniques

Multi stage and purposive sampling technique was
employed for this research. The first stage involves the
selection of the study area, Akinyele local government
area was purposively selected based on a prior knowledge
that it is an okra producing area and contains a
considerable amount of okra farmers. The first stage
involved stratified sampling which was used in grouping
the various villages in Akinyele Local Government Area.
The second stage involves the simple random selection of
50% of the total number of the afore mentioned wards in
the study area i.e. 6 wards out of the 12 wards which are
wardl-lkereku, ward4 -Olode/ Amosun/ Onidundu,
ward5 -Oje-emo / Moniya, ward7: Iwokoto/ Talonta / 1di-
oro, wardll: Olorisa-oko/ Okegbemi/ Mele, ward12:
Iroko. The third stage involved random selection of three
communities in each town making five (5) communities.
A list of such farmers was collected from the respective
community’s council of baales and Oyo State A.D.P
(Agricultural Development programme). A total of
seventy-five (75) respondents was used for the study.

1. METHOD OF DATA ANALYSIS
Statistical tools such as frequency distribution, Gross
Margin and Net income analysis. Afolami (2002) defined
gross margin analysis as the difference between the gross
farm income (GFI) and the total variable production cost
(TVC); while the Net farm income (NFI) was defined as
the difference between gross margin and total fixed
production cost.

Budgetary Model

GM=TR-TVC
Where
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GM = Gross margin (N/respondent/annum)

TR =Total revenue (N/respondent/annum)

TVC =Total variable costs (N/respondent/annum)

NFI =GM -TFC (N/respondent/annum)

Where

NFI =Net farm income (MN/respondent/annum)

TFC =Total fixed cost (N/respondent/annum)

In addition, various profitability indices were computed.
They are:

Profitability Index (PI) = NI/TR X100

Rate of Return on Investment (RRI) = NI/TC X 100%
Operating Cost Ratio (OCR) = TVC/TR X 100%

Pl was used to determine the extent to which investment
in okra farming in the study are is profitable; RRI was
used to measure the percentage of profit derived from an
investment outfit; while OCR was used to estimate the
relative expenditure structure in the okra farming
business.If, Pl is greater than 1, the business is profitable;
RRI is greater than 1, the investment is profitable; OCR
greater than 1, it is profitable to invest on the project.

Iv. RESULTS

Table 1 shows the Socio-Economic Characters of Okro
farmers in the study area. The table shows that 90.7% of
the Okro farmers were male. This means that males
dominated okra farming in the study area which might be
due to the fact that okra farming might be too tedious for
females especially the process of land preparation. It is
observed from the study that the highest percentage
(36.0%) of respondents were at age bracket of 21-30
years. This supports proposition of Madur (2000) who
said that older people of older ages are more into farming
than younger people in Africa. The result also shows that
majority of the okra farmers in the study area (58.7%) had
first school leaving certificate while 40.0% had no formal
education. This means that majority of the okra farmers in
the area can read and write. This is line with Swanson
(2008) education enables farmers to make informal
decision regarding production and marketing of their
produce. Findings also shows that 90% of the plantain
farmers had a household size of less than 4 people, the
large household size showed available labor for okra
production in the study area. Enete and Okon, (2013)
reported a large household size in the area serves as cheap
source of family labour.
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Table 1: Socio-Economic Characteristics of Respondents

Variables Frequency Percentage Mode Std Deviation
Gender
Male 68 90.7 Male 0.293
Female 7 9.3
Age (years)
21-30 27 36.0 21-30 0.838
31-40 23 30.7
41-50 25 33.3
Marital status
Single 3 4.0
Married 55 73.3 Married 0.835
Divorced 3 4.0
Widowwidower 14 18.7
Household size
1-3 29 38.7
4-6 31 41.3 4-6 0.833
7-9 12 16.0
Above 9 3 4.0
Level of Education
No formal 30 40.0 Primary school 0.517
education holder
Primary school 44 58.7
holder
Secondary 1 13
education
Source: Field survey, 2019
Budgetary Analysis Results
Table 2 presents the average costs and returns of okra Seeds 4,172.06
production in the study area. Total revenue of Fertilizer 9,562.50
N161,137.00 was realized per okra farmer per annum. Herbicide 2,891.81
The total cost of N 77,317.76 was incurred. Of this, Labour 39,375.00
variable cost constituted about 62,188.88. The breakdown TranSporFatlon 6,187.50
. . . Total variable cost 62,188.88
of the variable costs is shown in Table 2 below. A ) )
. . . Fixed cost items
financial and Net Income of N 90,848.12 was realized per Cutlass 1,950.00
okra farmer in a year. This is agreement with Oladimeji Hoe 1,800.00
and Abdulsalam (2014) who found out that dry season Basket 350.00
irrigated farming in Asa River, Kwara State, Nigeria, has Land charges 3,000.00
a net margin per hectare of N62,501.10 meaning a Knife 1,000.00
profitable venture. This indicated that okra production is Total Fixed Cost 8,100.00
profitable in the study area. Okra farming is lucrative in SUBfTOTA'— 70,288.88
the study area with profitability index of 56.38 and a rate Contingency (10%) 7,028.89
of return on investment of 117.50% and operating cost Total Cost . 77,317.76
i X K Gross Margin 98,948.13
ratio of 38.59%. The okra farmers are primarily Net Income (NI) 90.848.12
interested in selling their outputs to raise income and Profitability Index (%) 56.38
probably satisfied the household’s food need or Rate of Return on Investment (%) 117.50
subsistence. Thus, the okra farmers like any other Operating Cost Ratio (OCR) (%) 38.59

entrepreneur may have a profit motive.

Table.2: Costs and Revenue Per Okra Farmer Per Annum

VARIABLES N

Source: Computed from field survey data, 2019

Constraints Associated With Okro Production

TOTAL REVENUE
VARIABLE COST

161,137.00
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The result of analysis of constraints encountered by okra
farmers in the study area ranked from most critical to the
least showed that pest and diseases took the lead indicated
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by 17.3%. This was followed by the inadequate
transportation facilities (16.2%), weather condition (16%)
and high cost of input (14.7%) It is interesting to note that
these three constraints identified as most important
constraints sum up to over half (58.2%) of the problems

of vegetable farmers in the study area. It may be
concluded that if these four constraints are looked into,
other impediments such as 5th, 6th and 7th constraints
may cease to exist or reduce to minimum in the study
area.

Table.3: Constraints faced by Okro farmers in the study area

SIN Constraints* Frequency Percentage Rank
1 Lack of credit facilities 10 13.3 5t
2 Pest and diseases 13 17.3 1
3 Poor storage facilities 8 10.3 7t
4 Weather condition 12 16 3rd
5 Inadequate capital 9 12.2 6t
6 High cost of input 11 14.7 4th
7 Inadequate 12 16.2 2nd
transportation facilities
Total 75 100.0

*Multiple responses

Source: Field survey, 2019

V. CONCLUSION AND RECOMMENDATIONS [4] Enete A.A., Okon, U.E. (2010): Economics of Vegetable

The study was carried out to investigate the profitability
of okro production among small holder farmers in
Akinyele Local Government Oyo State, Nigeria. The
finding shows that most of the respondents were male and
married and they were still at middle-age group On the
basis of this study, the major problems faced by the
respondents in the study area include, inadequate
transport facilities, weather condition and high cost of
input.

Based on the study findings, the study recommends the
need for government to provide inputs such as chemicals
(pesticides and herbicides) planting seeds etc at
subsidized rates to farmers and also aim at solving major
problem of vegetable production. Also, good road
networks should be provided by the government (state or
federal, where applicable) to aid easy movement of farm
produce to the designated locations.
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Abstract— A five-year retrospective study was conducted using clinical case record of sheep and goat presented
for treatment at State Veterinary Hospital, Ibadan, Nigeria between July 2013 and June 2018. A total of 520
small ruminants were presented within this period.Simple descriptive frequency statistic was employed to
determine disease prevalence. Out of the 520 small ruminants presented, 360(69.2%) were sheep and
160(30.8%) were goat. The most frequently diagnosed diseases in these animals were endoparasitism (31.3%),
viral infections (18.3%), bacterial infections (15.6%), reproductive conditions (8.3%) and musculoskeletal
disorders (7.7%). Prevalence of diseases among small ruminants revealed that endoparasitism (22.5%), viral
infections (12.3%), bacterial infections (10.2%),musculoskeletal disorders (6.3%) and reproductive conditions
(5.2%) were the most prevalent in sheep while endoparasitism (8.8%), viral infections (5.96%), bacterial
infections (5.4%) and reproductive conditions(3.1%) were most prevalent in goats. The study has shown that
endoparasitism, viral infections, bacterial infections and reproductive conditions are the leading problem
ravaging small ruminants. Therefore, there is need for urgent intervention with special interest towards ensuring
proper animal management to control the effect of these agents. It is recommended that livestock farmers should
adopt best management practices that will minimize the vulnerability of small ruminants to disease. More so,

there should be mass vaccination campaign against preventable diseases like PPR.
Keywords— Disease, goat, prevalence, retrospective study, sheep.

l. INTRODUCTION
Livestock sectoris one of the major contributors to the
overall gross domestic product of most developing nation.
It enhances the living of most livestock farmers as it help
to generate steady incomes (Ajala et al., 2008).
Livestockespecially sheep and goat are very importantto
the rural dwellers who rely solely on the turnover from this
animals. They are widely distributed in the rural, urban
and peri-urban region (Ajala et al., 2008). To a very large
extent, they serve as source of employment to an
appreciable number of people, such as animal herders, feed
millers, butchers, thereby generating wealth and as such
contribute to the economy of the nation (Ogbaje et al.,
2012). Sheep and goat are very valuable for social function
as they are used to fulfil cultural rites during wedding,
naming and burial ceremony. Sheep is particularly used
during religious festivities, as such they are often regarded
as more valuable than goat (Aliyu et al., 2005).
Undoubtedly, the contribution of small ruminants to the
overall daily protein  consumption cannot be
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underestimated. They serve to augment beef which is the
major source of meat for Nigerians (Ajala et al.,
2008).However, the small size of the animals and high
market price of their meats makes the animals less
demanded for regular meat consumption (Lawal-
Adebowale, 2012). Nonetheless, little resources is required
for purchasing stock animal, land, feed and other necessary
requirements needed to start up the production coupled
with relatively little risk and tendency to multiply owing to
their reproductive efficiency (Omoike, 2006).This makes
it more affordable for average poor livestock farmers
which contribute larger percentage of the livestock
keepers. However, these animals are poorly managed as
they are allowed to roam freely on extensive and semi-
intensive system. With this system of rearing, the animals
are not properly monitored, most often they are faced with
malnutrition, exposed to the adversity of extreme weather
conditions with little or no access to veterinary care,
making them so vulnerable to incidence of various
diseases(Lawal-Adebowale,2012).
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Diseases remain one of the major threats to the livestock
industry. Livestock animals are constantly being
threatened by various livestock diseases which in turn
affect their optimal productivity (MacRae et al.,2005).
This is as a result of its negative effect through
morbidities, mortalities and abortions or through, quality
and the cost of time and money in management of the
diseases (Singh & Prasad, 2008).

Despite this worrisome impact on the economy, high
prevalence of livestock diseases has often been reported in
developing countries like Nigeria, they are mostly caused
by microorganism such as bacteria, viruses, parasites,
mycoplasma, ricketsia, protozoan and nutritional or
managemental factors (Abiola et al., 2016).For instance,
parasitism has been reportedas one of the major agents
causing serious problem in ruminant in developing
countries especially where nutrition and sanitation are poor
Odoi et al., (2008), affecting health of millions of animals
causing huge economic loss to livestock farmers (Ahmed
et al., 2010). Retrospective study of animal diseases is a
rapid and cheap means to identify the strategy for effective
disease control when analyzed statistically(Abiola et al.,
2016).This underscores the significant of this retrospective
study of clinical diseases diagnosed at the State Veterinary
Hospital, Ibadan, Nigeria. We envisioned that the data
generated would give us the recent picture of pattern of
disease occurrence  which  will be useful for
epidemiological surveillance and to formulate policies
towards proper intervention for disease control.

. MATERIALS AND METHODS
Study Area
The study was conducted in Ibadan, the capital city of Oyo
State, South-western region of Nigeria. The city lies at
latitude 7 °23' N and Longitude 3° S6'E and it is located at
the transition zone between the forest and grassland areas
of the country. The state veterinary hospital is the only
state government owned veterinary hospital centrally
located at Mokola area of the cityand it serve as one of the
major veterinary hospital affordable to small scale
livestock farmers.
Methodology
This five years retrospective study was conducted based on
the clinical record of sheep and goat presented to the State
Veterinary Hospital, Ibadan between July 2013 and June
2018. The first part of the clinical case record contains
information about the patient and the owner and the
second part captures the history relating to the case
presented, clinical signs observed, clinical parameter
recorded, laboratory investigation conducted, disease
diagnosed and treatment instituted. Diagnoses were often
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made based on history, clinical signs presented and
laboratory analysis.

Statistical analysis

Data gathered were analysed based on species and disease
conditions using simple descriptive statistic.

1. RESULTS
The result of this retrospective study revealed that overall
520 small ruminant cases were presented to the State
Veterinary Hospital, Ibadan Nigeria between July 2013
and June 2018. Out of which, 260(69.2%) of the animal
presented were sheep and 160(30.8%) were goats (Table
1).
Common clinical conditions diagnosed were classified
according to Abiola et al., (2016); bacterial infection
(septicaemia, pasteurellosis, foot rot, tetanus), viral
infection (Peste de Petit ruminante PPR, Orf, sheep pox),
endoparasitism  (helminthosis, haemoparasitism and
verminous pneumonia), ectoparasitism (mange, tick, fleas
and lice infestation), reproductive conditions (dystocia,
placenta retention, uterine prolapse, vaginal prolapse,
abortion, pyometra, metritis, wvulvitis and mastitis),
gastrointestinal conditions (bloat, ruminal impaction and
rectal prolapse), musculoskeletal disorders (fracture,
arthritis and trauma), respiratory conditions (pneumonia)
and other conditions (poisoning, snake bite, malnutrition,
conjunctivitis, dog bite, hernia, wound, keratitis, toxicosis
and minerals deficiency).
Of the 360 cases of sheep diagnosed, endoparasitism was
found to be most prevalent 117(32.5%) followed by viral
infections 64(17.8%), bacterial infections 53(14.7%),
musculoskeletal — disorders  33(9.2%), reproductive
conditions  27(7.5%), other conditions 24(6.7%),
ectoparasitism 17(4.72%), respiratory condition 16(4.4%)
and the least prevalent was gastrointestinal conditions
9(2.5%) (Table2).
Table 3 shows the prevalence of condition diagnosed in
160 goats presented. The result revealed that
endoparasitism had the highest prevalence of 46(28.8%),
followed by viral infections 31(19.4%), bacterial infections
28(17.5), reproductive conditions 16(10%), ectoparasitism
12(7.5%), other conditions 9(5.6%), musculoskeletal
disorders 7(4.4%), gastrointestinal conditions 6(3.8%)
while the least prevalent was respiratory condition
5(3.1%).
Table 4 gives the summary of cases diagnosed in sheep
and goat presented for treatment at State veterinary
hospital, Ibadan, Nigeria between July 2013 and June
2018. The total number of cases presented was 520 which
include sheep 260(69.2%) and goats 160(30.2%). The
result further revealed that endoparasitism had the highest
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overall prevalence rate of 163(31.3%), followed by viral
infections 95(18.3%), bacterial infections 81(15.6%),
reproductive  conditions  43(8.3%), musculoskeletal
disorders  40(7.7%), other conditions 33(6.3%),
ectoparasitism 29(5.6%), respiratory infection 21(4.0%)
and the least prevalent was gastrointestinal conditions
15(2.9%).

V. DISCUSSION

From this study, it was revealed that cases of sheep were
presented for treatment than goat. The probable
explanation for this disparity may be due to the hardy
nature of goat compare to the sheep. Goats are reported to
be more resistant to common diseases than sheep
(Peacock, 2006). It could also implies that more people are
keeping sheep compare to the goat probably due to its high
market value and the socio-religious value especially
during Muslim festive period (Aliyu et al., 2005).This
finding is similar with the report of Peter et al., (2015)
whose study at the state veterinary hospital, Maiduguri,
Nigeria recorded more casesof sheep than goats. It also
corroborates Unigwe et al., 2016 who had earlier reported
that more cases of sheep were presented to Mokola
veterinary hospital between July 2009 and June 2013.
However, our finding is in contrast with the work of
Abiola et al.,(2016) where they reported more cases of
goat than sheep at the University of Ibadan veterinary
teaching hospital. Meanwhile, our study recorded more
cases when compare to the previous work conducted in
this location. Unigwe et al.,(2016) had reported that a total
of271 small ruminant cases were presented to Mokola
veterinary hospital from January 2009 to June 2013. This
significant increase in cases presented within similar
period of study could be ascribed to the palpable increased
sensitization by the government and the professional body
of veterinarians through mass media and seminars for the
livestock owners. This strategy has been proven to
improve livestock production and disease management
(Buhari et al., 2015).

The current study also found that endoparasitism is the
predominant condition affecting sheep and goat, consistent
with what was documented in previous reports (Peter et
al., 2015; Abiola et al., 2016; Unigwe et al., 2016), these
authors have reported endoparasitism as the most prevalent
small ruminants disease in their retrospective studies.The
preponderance of helminthosis cases among small
ruminant could be traced to the nature of the rearing
system in this study location where small ruminants are
allowed to roam freely during which they are often
exposed to this parasitic agent. This system of rearing
coupled with malnutrition makes small ruminants more
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vulnerable to parasitic infection. Parasitism has been
reported as one of the major agents causing serious
problem in ruminant in developing countries especially
where nutrition and sanitation are poor (Odoi et al., 2008).
The second most prevalent disease was viral infections
predominantly peste des petit ruminante (PPR) infection.
This finding is in agreement with the report of Diallo et
al., (2007) that PPR disease is enzootic in several countries
of West Africa, contributing to high economic loss in
small ruminant production. PPR is highly contagious in
nature with case fatality rate of 100%, it is therefore a
major concern among small scale livestock keepers who
rely on small ruminants as sole source of income (Emikpe
& Akpavie, 2011). It is a vaccine preventable disease and
its vaccine is considered to be one of the most effective
vaccines ever produced against animal diseases (Diallo et
al., 2007). Therefore, the prevalence of this disease in this
location could be due to the fact that majority of the
animal affected has no previous exposure to PPR
immunization. The next most prevalent condition was
found to be bacterial infections. This could also be
connected to the free range or extensive system of rearing
that predominates in this region. It also corroborates the
report of Unigwe et al., (2016), that high prevalence of
bacterial infection in small ruminants may be due to the
exposure of these animals to kitchen waste, decomposed
dead animals and grazing on pastures and rangelands
littered with various dead animate objects. Reproductive
conditions followed bacterial infections in the order
prevalence, with dystocia constituting majority of the
reproductive conditions recorded in this study. The high
occurrence of this condition is attributed to lack of proper
monitoring of female animals especially those at
reproductive ages, majority of this farmers has no breeding
record, as such the animals are bred indiscriminately and
often prematurely leading to dystocia. This is in tandem
with the report of Abiola et al.,(2016), they reported high
prevalence of dystocia as reproductive conditions
presented to University of Ibadan veterinary teaching
hospital. We also found that musculoskeletal disorder cases
were moderately high and trauma (fractures) was the
leading cause. This could be easily linked to the fact that
small ruminants are often left unguided while they
scavenge or graze around, thereby making them more
vulnerable to automobile accidents. The least prevalent
condition in this study was gastrointestinal conditions such
as bloat and other conditions (poisoning, snake bite,
malnutrition, conjunctivitis, dog bite, hernia, wound,
keratitis, toxicosis and minerals deficiency). This
observation is also consistent with the report of Abiola et
al., (2016), and this could mean that the owners have been
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managing these cases with usage of ethno-veterinary
medicine (Sandabe et al., 2006).

V. CONCLUSION

In this study, it is evident that endoparasitism, viral
infections, bacterial infections and reproductive conditions
are the leading problem ravaging small ruminants. This
therefore calls for urgent intervention with special interest
towards ensuring proper animal management to control the
effect of these agents. It is recommended that veterinary
services should be strengthened, accessible and affordable
for low income livestock farmers. Mass vaccination
against preventable disease like PPR should be routinely
done. Livestock farmers should adopt best management
practicesthat will minimize the vulnerability of small
ruminants to disease. More so, livestock farmers should be
sensitized on importance of keeping farm record especially
breeding recordin order to mitigate the effect of economic
loss associated with these conditions.
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Table 1: Prevalence of small ruminants presented to the
StateVeterinary Hospital in Ibadan, Nigeria between July

Musculoskeletal 33 9.2
Others 24 6.7
Total 360 100

2013 and June 2018.
Species Number Prevalence (%)
Sheep 360 69.2
Goat 160 30.8
Total 520 100

Table 3: Prevalence of condition/diseases of goat
presented tothe State Veterinary Hospital in Ibadan,
Nigeria between July 2013 and June 2018.

Table 2: Prevalence of condition/diseases of sheep
presented tothe StateVeterinary Hospital in Ibadan,
Nigeria between July 2013 and June 2018.

Diseases Number of cases  Prevalence (%)
Bacterial 53 14.7
Viral 64 17.8
Endoparasitism 117 325
Ectoparasitism 17 412
Reproductive 27 75
Gastrointestinal 9 2.5
Respiratory 16 4.4

Diseases Number of Prevalence (%0)
cases

Bacterial 28 17.5
Viral 31 19.4
Endoparasitism 46 28.8
Ectoparasitism 12 7.5
Reproductive 16 10
Gastrointestinal 6 3.8
Respiratory 5 3.1
Musculoskeletal 7 4.4
Others 9 5.6
Total 160 100

Table 4: Summary of prevalence of condition/diseases of sheep and goat presented tothe StateVeterinary Hospital in Ibadan,
Nigeria between July 2013 and June 2018.

Diseases Sheep(%0) Goat (%) Total (%)
Bacterial 53(10.2) 28(5.4) 81(15.6)
Viral 64(12.3) 31(5.96) 95(18.3)
Endoparasitism 117(22.5) 46(8.8) 163(31.3)
Ectoparasitism 17(3.3) 12(2.3) 29(5.6)
Reproductive 27(5.2) 16(3.1) 43(8.3)
Gastrointestinal 9(1.7) 6(1.2) 15(2.9)
Respiratory 16(3.1) 5(0.96) 21(4.0)
Musculoskeletal 33(6.3) 7(1.3) 40(7.7)
Others 24(4.6) 9(1.7) 33(6.3)
Total 360(69.2) 160(30.8) 520(100)
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Abstract— The objective was to evaluate the effect of bacterium Herbaspirillum frisingense on growth of the
seedlings pre-sprouted from sugarcane. After you select the varieties of sugarcane, the necessary treatments of
nodal segment obtained from reeds, to germinate and be transplanted to the cells half in soil substrate of gully
and other half in soil ofgullies more Jatropha pie, where was subsequently applied doses of bacteria (9,33x10”
ufc.ml?). Five months after this process, plants were harvested and evaluated the dry mass of shoot and root dry
mass. Data were analyzed by Tukey, a 5%, where he met difference for root dry mass in relation to the presence
of bacteria and to dry pasta from the shoot to the type of substrate. No statistical difference was observed
between cultivars, even these being different cycles. In relation to interaction varieties vs. bacteria statistical
difference was observed between the cultivars to root dry mass. The presence of the bacteria inside the plant
tissues of seedlings of sugarcane was beneficial for the plant, promoting a greater root growth. The soil
substrate of gully more Jatropha pie turned out better for the cultivars in general.

Keywords— Endophytic bacteria; seedling production; Saccharum officinarum L.

l. INTRODUCTION

The sugarcane (Saccharum officinarum), culture
introduced in Brazil in the 16th century, has great
economic importance in the country, according to
cultivable areas and ideal soil and climate conditions the
production, making the country a participant in World
marketing with high competitiveness [1, 2].

According to the National Supply Company, Brazil is
the largest producer of sugar cane with a productivity
expected to yield the 2018/19 of 66.007 kg/ha with a
harvested area of 30, 3 thousand hectares and a total
estimated production 625, 96 million tons, much of this
production will be destined to the production of ethanol is
expected to reach a total of 154, 96 million liters [2].

It is known that much of the production is concentrated
on the South and Midwest of the country, however, in the
North, the Tocantins is regarded as the new agricultural
frontier, offering areas, weather, and water conditions.
The State owns one of the main natural elements that
favor the productivity of sugarcane, the luminosity, since,
under the conditions of the State climate factor that tends
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to increase the number of profiling [3].

The system of seedlings pre-sprouted (SPS), or results
pre-germinated in a correct planting, with healthy
seedlings and that there is no competition between plants
online, resulting in better initial growth. The technique
can be used by all producers, small medium and large, for
this is a simple, low-cost methodology allowing the
planting of reestablished seedlings, and avoiding
competition between sounds plants [4].

To increase the productivity, are being carried out
studies and research of bacteria capable of contributing to
a better synthesis initial growth of seedlings pre-
germinated. Endophytic bacteria have numerous functions
for the plant, acting beneficial and showing satisfactory
results and significant. Bacteria that inhabit the interior of
the plant tissue can contribute effectively to the biological
fixation of nitrogen, since the exchange is done directly,
having this way a lesser competition for carbon sources,
noting that not all micro-organisms are able to penetrate
plant tissue[5].

Bacteria of the genus Herbaspirillum are described as
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diazotrophic, able to fix nitrogen from the atmosphere
under microarébicas conditions and use of this resource
to meet all your demand for this nutrient when compared
to the other species of diazotrophic bacteria these are the
least of it. Representatives of this genus are considered
compulsory and feature low endophytic bacteria survival
in soil [5, 6].

Was used to perform this experiment to frisingense of the
same genre, which behaves similar to H. seropedicae. For this
are already found numerous studies because it is a bacterium
that is associated with various agricultural plants and promotes
your growth H. frisingense can be isolated within plant tissues
disinfected surface, causing damage to the host [7].

Several studies have shown the potential of endophytic
bacteria for biological control of diseases, pests, and in
promoting the growth of the host plant, being beneficial to the
plant. In view of the favorable conditions to sugar cane
production, the use of diazotrophic bacteria combined with
technologies such as pre-sprouted seedlings production are
possible alternatives to increase the productive potential of the
Tocantins.

1. MATERIALS AND METHODS

The experiment was conducted in the experimental area
of the University Campus of Gurupi from the Federal
University of Tocantins, located 280 m altitude, 11°43°S
e 49°04’W, where were grown seedlings. We have
selected three varieties of sugar cane, and varieties of the
early cycle: CVSP077231, a median: CTC4, and a
belated: IACSP955000.

At the end of the month of January 2015, the sugarcane
separated and the preparation of nodal segments wheels
was done according to the methodology presented by [4].
First, it was made the cut of the cane in 3 cm segments
containing the node in a hand-crafted guillotine that
allowed the cut in a standard size. These nodal segments
have undergone heat treatment, subject to water, with
constant temperature of 50 C for a period of 30 minutes.
After the heat treatment, the nodal segments were placed
in trays of sprouting, being separated by cultivating lined
up and over to the top, where it contained as substrate: a
bucket and a half of commercial substrate Bioflora®, half
a bucket of sand and kept in a greenhouse in a period of
10 days, when he had already finished the sprouting.

Twenty days after sprouting the seedlings were
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transplanted to the cells where the half was planted in
cells that had as soil substrate of gully Jatropha pie and
the other half in cells just with the soil of gully. Resulting
in a total of 275 cells. Data were collected as the greater
length and diameter of the stem and soil samples to
analyze the fertility of both substrates.

After the transplanting of seedlings of sugarcane to the
cells has been prepared the bacteria solution 9,33x107
ufc.ml were applied to seedlings, 5 ml of bacteria per
cartridge, using an automatic pipette. 10 days after
transplanting of seedlings to the cells the first pruning in
all the seedlings and was done on a weekly basis due to
your accelerated growth. The monitoring of seedlings
development weekly.

It required the application of commercial fertilizer,
MatoVerde® 15-15-20, in the proportion of 14 g of the
product in 7 L of water to 25 ml in each cell, applied
every two weeks and then monthly, with the aid of a 30
ml syringe.

Five months after transplanting was accomplished the
collection of plants, separating them in the root system
and aerial. The shoot was dried in an oven of forced
circulation the 60 °C until constant weight and then the
heavy semianalitica balance was. The roots were washed
under running water with care to avoid losses and after
washing, they were also dried in an oven of forced
circulation the 60 °C until constant weight, for
determining dry mass.

The data of the variables of dry pasta from the shoot
and root dry mass were analyzed with the help of the
Sisvar program, through the Tukey test, the 5%
probability.

. RESULTS AND DISCUSSION

Generally, the difference was found for root dry mass
in relation to the presence of the bacterium; and for dry
pasta from the shoot to the substrate type (Table 1).

To the implementation conditions of this study, the
results of the combined analysis of variance (Table 1) not
show significance (p < 0.05) for the triple interaction of
the factors’ substrate x cultivars x bacteria (BAC x SUB x
CULT) for the characters evaluated, indicating that the
bacteria interacted with the substrate in root dry mass and
substrate interacted with the cultivars for the same
variable.
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Tablel. Summary of the analysis of variance. ADM (Aerial Dry Mass) and RDM (Root Dry Mass) of cultivars of sugarcane
in relation to presence of bacteria in the soil substrates of gully and gully solo more Jatropha pie.

Cause of variation GL Mean Square
ADM RDM
Bacteria (BAC) 1 0,0002™ 0,0655*
Substrate (SUB) 1 1,2117** 0,0065"
Cultivar ( CULT) 2 0,0983" 0,0038™
BAC*SUB 1 0,0085" 0,0181"
BAC*CULT 2 0,0696" 0,0411*
SUB*CULT 2 0,1158" 0,0462*
BAC*SUB*CULT 2 0,0177m 0,0106"
Error 88 0,0526 0,0125
Average 0,9811 0,3835
CV (%) 23,38 29,18

* and ** significant at the level of 5 and 1% probability of error by Tukey test, respectively; NS not significant at the 5%

level of error probability by Tukey test.

No statistical difference was observed between cultivars; even these being of different cycles, aprecocious, median

and late(tablel).

Table2. Average test to the dry mass of the shoot (ADM) seedling of sugar cane in the land for construction and ground
substrates for construction more Jatropha pie.

Substrate Average
Jatropha pie 1,0870 a
Soil of Gully 0,8751 b

Medium followed by the same letter doesn't differ by Tukey test at 5% probability.

For the substrate difference to the dry mass of the
aerial part already in the root, there is no difference
between the substrates (table 1), where the plants were
grown with the substrate soil of gully had the higher
fresh mass of the shoot (table 2). [8] evaluating
different substrates is a difference for the parameters of
above ground (leaves, diameter, and height) of
sugarcane of early and medium-late cycle
corroborating with the research data confirming that

the growth of sugarcane suffers influences of a
substrate.

For root dry mass, cultivars IACSP955000 showed
no difference with the presence of the bacteria, perhaps
because it is a cultivar of the late cycle requires a
longer time to demonstrate the effect. The cultivars
CVSP077231 e CTC4 presented larger in relation to
average values without inoculation, showing that there.

Table.3. Average values for the interaction and Grow Bacteria (BAC * CULT) to root dry mass (MDR), in seedlings of

sugarcane.
Cultivars
Bacteria (IACSP955000) (CVSP077231) (CTC4)
Without 0,3661 aA 0,3450 bA 0,3356 bA
With 0,3983 aA 0,4439 aA 0,4122 aA

Medium followed by the same letter, lowercase letters in columns and capitals do not differ by Tukey test at 5%
probability.

The difference for each of the cultivars with and
without bacteria can give by symbiosis established
between them, thus showing the effect on two of them.

The canes grown on substrate Jatropha pie did not
differ statistically between them- selves, and in soil of

www.ijeab.com

gully the best result was to cultivate CVSP077231, and
the other did not demonstrate statistical difference
among themselves (Table 4), perhaps because it is a
cultivar of early cycle, growing faster than the other.
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Table4: Average values for the Substrate interaction and Growing (SUB * CULT) to root dry mass (RDM), in seedlings of

sugarcane.
Cultivares
Substrate IACSP955000 CVSP077231 CTC4
Soil of Gully 0,3739 aB 0,4228 aA 0,3306 bB
Jatropha pie 0,3906 aA 0,3661 aA 0,4172 aA

Medium followed by the same letter, lowercase letters in columns and capitals; do not differ by Tukey test at 5% probability.

Jatropha pie consists of up to 69.7% of the mass of
seeds and is a by-product of oil extraction composed of
cellulose, hemicellulose, lignin, extractive s, water,
nutrients, forbol and curcina esters with properties
compared to other fertilizers organic, highlighting the
amount of soluble in neutral detergent fiber (NDF),
acid detergent soluble fiber (FDA), cellulose and crude
protein [9], being because of those factors that it was
better to the culture and specifically for cultivating
CTC4, acting as a source of organic matter for the
plant to more than just in soil of gully.

The bacterium promoted initial root system effect,
perhaps due to greater endophytic colonization initially
in the roots, as this just bacterium infects roots, stalks
and leaves of grasses, not being found in leaves of
sugar cane [10]. However, the mechanisms of these
beneficial associations between plants and the
bacterium Herbaspirillum frisingense are still little
known. Working with different diazotrophic bacteria,
[11], stated that the positive interaction of the bacteria
with the root growth of Brachiaria brizantha plants that
can contribute to the improvement of the global
acquisition of nutrients and water to the plant and the
production of biomass.

And that the diazotrophic bacteria colonizers, as h.
seropedicae, promotes root growth through various
factors such as greater enzyme nitrogenase activity
(ARA), phosphate solubilization, hormone production
3-indole-3-acetic acid (AlA), among others as
confirmed by [11]. It is known that this hormone has
influence on plant growth, especially in the root system
[12] which explains the greater root dry mass in plants
inoculated with H. frisingense (table 1).

V. CONCLUSION

There is a beneficial effect on the use of
Herbaspirillum frisingense bacteria in sugar cane,
promoting changes in plant growth, mainly in root
development, independent of cultivar tested.

The substrate of Jatropha pie turned out better for the
cultivars in relation to the soil of gully, due to have
higher concentration of nutrients, providing better
conditions for the development of plants.
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Abstract— The study assessed the effectiveness of broadcast agricultural programmes on agricultural development
in Akoko South-West Local Government Area of Ondo State, Nigeria. A multistage sampling technique was used in
selecting 140 respondents for the study. Specifically, socio-economic characteristics, source of information and
perception of broadcast agricultural programmes were examined. Data were collected using a well-structured
questionnaire and were analyzed using both descriptive and inferential statistical tools. The results of the study
revealed that majority (82.6%) of the farmers are married and more than half of them are male (57.0%). Television
(91.9%), Radio (89.9%) and farmers association (82.6%) were revealed to be the major sources of information. The
results also shows that farmers have a highly positive (62.9%) of the effect of broadcast agricultural programmes on
agricultural development. The results of the hypothesis shows a significant relationship between age (p=0.034),
education (p=0.015) and income (p=0.026) and the perception of farmers on broadcast agricultural programmes.
The study concluded that broadcast agricultural programmes is effective in ensuring agricultural development in
the study area and recommended that policies should be made to make broadcast stations more effective and more

adoptive to agricultural programmes.

Keywords— Agricultural programmes, Broadcast, Nigeria, Radio, Rural farmers, Television.

. INTRODUCTION
Agriculture provides the main source of foreign exchange for
Nigeria and is an important sector of the economy with high
potentials for employment generation, food security and
poverty reduction. Oluigbo, (2012) in Obiora & Emordi,
(2013) noted that up to the early 1970s, agriculture accounted
for over 80 percent of Nigeria’s Gross Domestic Product
(GDP) but the discovery of crude oil in the late 1960s and the
huge financial gains benefitted from it made the government
to shift its priority from agriculture to crude oil and relied on
food importation as a means of feeding her citizens.
Consequently, this development affected agricultural
production and extension services. Sadly, the price of crude
oil in the world market started falling in 2015 and Yusuf
(2016), explained that over $21bn was lost in capital
investment in 2015 alone due to the sharp decline in oil
receipts, and exploration investments was drying up, thereby
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affecting foreign reserves and straining fiscal budget.
Following the reduction, Nigerians became apprehensive of
the effects and there were calls for diversification. For
instance, Moghalu (2016) noted that despite the efforts of
successive governments in Nigeria, there have been high
rates of poverty, unemployment and infrastructure deficits,
and counseled that government must build a sustainable
economic future by looking beyond oil. Agriculture has been
described as the mainstay of economic growth in Africa. It is
the single largest contributor to the wellbeing of the rural
poor in Nigeria, sustaining 90% and 70% of the rural and
total labour force respectively (Akpabio, 2005). Despite the
pivotal role of agriculture in the nation’s economy, it
contributes only 38% of the GDP (Gross Domestic Product).
Rural broadcasting is a recent concept in Nigerian
broadcasting history and it is a phenomenon that is prevalent
in the developing or emerging world. The concept takes
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cognisance of the larger percentage of the rural population
when compared with the urban residents. Onabajo (2002)
opined that development that does not include attitudinal
change that will respect the dignity of labour and the
propensity towards social change and a self-reliant economy
is at best incomplete. Rural education is a subset of rural
development and rural broadcasting can only but have one
major focus which is that of transmitting developmental
information to educate the rural citizenry with overall
intention of developing their wellbeing, through introducing
innovative ideas that will stimulate them to action. Rural
development projects employing rural broadcasting should
be made relevant to the needs of the societies. The nation’s
rural communities have been identified as not only the source
of the country’s food basket, but also the source of raw
materials supply for the industrial sector (Amusat, 2012).
Hence, different agricultural programmes aimed at improving
agricultural production and rural development was embarked
upon.The success of agricultural development programmes in
developing countries largely depends on the nature and
extent of use of mass media in mobilizing farmers for the
need for development. Communication has been
acknowledged for playing, a prominent role in the success of
agricultural production and adoption of innovations. The
planners in developing countries realized that the
development of agriculture could be hastened with the
effective use of mass media. Radio and Television have been
acclaimed to be the most effective media for diffusing
scientific knowledge to the masses. In the study area where
literacy level is low, the choice of communication media is of
vital importance.In this regard, the television and radio are
significant, as they transfer modern agricultural technology
to literate and illiterate farmers alike even in interior areas,
within short time to enlighten farmers on the use of various
technologies to boost agricultural development. The farmers
can easily understand the operations, technology and
instruction through the radio. Despite all these claims, little
have been done to ascertain how effective these broadcast
agricultural programmes have been in agricultural
development especially in the study area and this study was
aimed at revealing the perception of the farmers on how
effective these programmes have been in addressing
agricultural development.

1. METHODOLOGY
The study was carried out in Akoko South-West local
government area in Ondo State, Nigeria. Akoko South-West
Local Government Area lies roughly between latitude 7°
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20°N and 7° 30°N and longitude 5° 30°E and 5°50’E. It is
located on a dissected plateau and is made up of many
undulating hills and valleys. It covers an area of about 30
square kilometers. The local government has a mean annual
rainfall of 1,270mm and mean annual temperature of 21.10c,
which results in a very humid condition. Because of the
favorable climatic condition, there is abundant vegetation
cover. With a population of about 22, 9486 according to
2006 population census, the study area is made up of more
than 10 villages. About two third of the population is
engaged in farming and most of the farmers are illiterate with
very low income. Because of the rural nature of the local
government, Akoko South-West is one of the three (3)
various hills and plateau that cover the whole area and this
has generally affected the productive focal local government
areas that UNICEF chose to sponsor projects in. A multistage
sampling procedure was used in selecting respondents for
this study. The first stage involved the purposive selection of
Akoko South west local government area due to its rurality
and dominance of farmers in the area. The second stage
involved the simple random selection of 50% of the total
number of wards in Akoko Southwest local government. The
third stage involved the random selection of two (2) villages
each from each of the wards giving a total of twelve (14)
villages used for the study. The fourth stage involved the
simple random selection of ten (10) farmers from each of the
villages giving a total of one hundred and forty (140)
respondents used for the study. Data for this study was
collected using a well-structured questionnaire. Descriptive
statistical tool and inferential statistical was used for this
study. Descriptive statistical tools such as frequency,
percentages e.t.c was used. Descriptive statistics was used to
reveal the socio economic characteristic while, PPMC
(Pearson Product Moment Correlation) was used to analyzing
the hypothesis.

I11.  RESULTS AND DISCUSSION
The result on Table 1 shows the result of the socio economic
characteristics of the respondents examined which includes
age, sex, marital status, level of education, level of income
per month, source of labour, household size, religion, years
of farming and involvement in agricultural groups. It was
revealed from the table that 29.8% of the respondents were
within the age of (31-40) years, followed by those within
(21-30) years with 23.5% of the respondents, and while those
above 50 years are 23.1% of the respondents and 7.4% of the
respondents were below 20 years of age. This is in line with
Ofuokuet al. (2008) who also reported that most of the
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respondents involved in farming activities belonged to
middle age category which is the active age wherein
productivity increased. Also, about 57.3% of the respondents
are male and 42.9% were female which implies that male are
more involved in farming more than their female counterpart
and this may be due to the fact that the male is the head of
the family and he needs to provide for the needs of his
family. This result corroborate with Ndaghuet al. (2009),
who found that most farm families in the rural areas are
headed by males and are responsible for most production
decisions. In addition, the results reveals that 82.6% of the
respondents were married, 7.4% of the respondents were
single, 5.3% of the respondents were widowed while 2.7% of
the respondents were divorced. This is also in line with
Ndaghuet al. (2009) who reported that most farmers in the
rural areas were married. Furthermore, the result shows that
46.6% of the respondents were Christians, 34.9% of the
respondents were Muslims while 15.4% of the respondents
were traditionalists. This result revealed that there is no
religious belief when it comes to sourcing for information in
agriculture. Also, 42.9% of the respondents were within the
range of (6-10) household size, 38.9% of the respondents
range between (0-5) household size, 8.0% of the respondents
range between (11-15) household size, 6.7%o0f the
respondents range between (16-20) household while 3.4% of
the respondents range between (above 20) household. This
table further shows that the educational achievement of the
respondents as followed: Secondary education (51.0%),
tertiary education (15.4%), Primary education (12.0%), Adult
education (11.4%) and No formal education (10.1%) was

achieved by the respondents in the study area. This reveal
that those with Secondary education and tertiary education
are dominant in the study area. This implies that educational
level of the respondents will mostly determine the level of
information adoption compare to the illiterates. This result
also reveals that 55.7% of the respondents make use of
family labour while 44.3% of the respondents were hired
labour for their farm work. It is clearly shows in this result
that the farmers were been gotten from family labor because
it is a cheaper means and the kind of relationship that exists
in the family because it maybe monogamy or polygamy kind
of family. This implies that majority of the respondent
usually married more than one wife so that they can give
birth to more children which will help them in farming
activities. Moreover it also shows in table 4.1 that 59.0%
belong to agricultural group while 40.9% does not belong to
any group. This implies that majority of the respondents are
involved in agricultural group such as cooperative societies
which make it easy for them to source for information about
their agricultural activities in the farm and access credit
facilities. Lastly, it shows in the table above that 22.8% of
the respondent have farming experience below 5 years,
45.0% were (5-10) while 32.1% were above 10years which
implies that increase in yield mostly determine by the level
of experience about that activities. In addition in finally
revealed in the table that 50.3% of the respondents estimated
10,000 as their monthly income while 34.9%, 8.7%, and
6.0% estimated 20,000, 30000 and others respectively. This
result implies that farming occupation is highly profitable
based on the finding in the study area.

TABLE 1: SOCIO ECONOMIC CHARACTERISTICS OF THE RESPONDENTSIN THE STUDY AREA

Variables Frequency Percentage

AGE

Below 20 11 74
21-30years 35 235
31-40years 40 29.8
41-50years 23 154

>50 30 23.1

SEX

Male 76 57.0

Female 64 42.9
MARITAL STATUS

Single 11 7.4

Married 123 82.6
Divorce 1 2.7
Widow 3 2.0
Widower 2 5.3
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15
23

46.6
34.9
18.4

38.9
42.9
8.0
6.7
3.4

10.1

51.0

114
121
16.4

55.7
44.3

59.0
40.9

22.8
45.0
321

50.3
34.9
8.7
6.0

RELIGION

Christianity 65
Islamic 52
Traditional 23
HOUSEHOLD SIZE

0-5 56
6-10 60
11-15 9
16-20 10
>20 5
LEVEL OF EDUCATION

No formal education 15
Secondary education 70
Adult education 17
Primary education

Tertiary education

SOURCE OF LABOUR

Family labour 77
Hired labour 63
ARE YOU A MEMBER OF ANY AGRICULTURAL GROUP?
Yes 82
No 58
YEARS OF FARMING EXPERIENCE

Below 5 years 34
5-10 years 67
> 10 years 39
INCOME PER MONTH

#10,000 75
#20,000 43
#30,000 13
others 9
Total 140

100

Results from table 2 shows the findings based on the sources
of agricultural information among rural farmers in the study
area, where the result reveal that 91.9% of the respondent are
using Television and 89.9% of respondent are using Radio to
source for information this is in line with (Ajayi, 2003) that
the use of radio and television has been found to be a major
source of information to farmers in South West of Nigeria. It
was also shown that majority of the respondent did make use
of Farmers association (82.6%) as source of information
while (80.9%) of the respondent make use of the
Neighborhood, Result also shows that 64.1% of the
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respondent got their information from internet and 62.4% are
making use of newspaper as their source of information in
the study area (Adekoya, 2000). Furthermore, the result
reveal that most of the farmers (60.4%) make use of the
extension agent and Agricultural research institute in
sourcing for information, which show that the extension
workers and research institute may be closed to the farmers
in the study area, also 59.7% of respondent make use of
market, likewise 47.3% of the respondent make use of
posters in getting information in the study area.
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TABLE 2: Sources of information among rural farmers in the study area

Variable Yes No

F (%) F (%)
Agricultural research institute 90(60.4) 50(39.5)
Neighborhood 119(80.9) 21(19.1)
Radio 134(89.9) 6(10.0)
Television 137(91.9) 3(8.0)
Farmers association 123(82.6) 17(17.4)
Newspaper 93(62.4) 47(37.5)
Internet 94(64.1) 46(35.9)
Market 83(59.7) 57(40.3)
Poster 69(47.3) 71(52.7)
Extension agent 84(60.4) 56(39.6)
The results on table 3 shows the agricultural information products  available  through  broadcast agricultural

available among the rural farmers in the study area where the
result reveal that 89.9 % of the respondent confirmed that
information on pest and disease control measure were
available to them through broadcast agricultural programmes
and 89.3% of respondents said Information on the teaching
on agronomic cultural practice on crop varieties, Information
on how and when to plant were available to them through
broadcast agricultural development programmes. It also
revealed 86.6% of the respondent got Information on
improved ways of processing and storing agricultural

development programmes while (82.6%) of the respondent
said information on how and when to harvest Agricultural
products were available to the through the same programme.
Result also shows that 31.5% of the respondent did not get
information on improved animal breeds through broadcast
agricultural development programmes. 68.5% of the
respondents got information on improved animal breeds
available to them through broadcast agricultural development
programmes.

TABLE 3: Information available for the farmers in the study area.

VARIABLE

FREQUENCYPERCENTAGE %

Information on pest and disease control measure

Available 134 89.9

Not available 6 10.0

Information on improved crop varieties

Available 125 83.9

Not available 15 16.1
Information on the teaching on agronomic cultural practice on crop

Varieties

Available 133 89.3

Not available 7 10.7

Information on Fertilizer applications

Available 123 82.6

Not available 17 17.4

Information on improved ways of processing and storing agricultural products

Available 129 86.6

Not available 11 13.4

Information on how and when to plant

Available 133 89.3

Not available 7 10.7
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Information on method of livestock rearing

Available 105 70.5
Not available 35 23.5
Information on improved animal breeds

Available 102 68.5
Not available 38 315
Information on improved agricultural processing and storage machines

Available 118 79.2
Not available 22 20.8
Is there information on how and when to harvest Agricultural products

Available 123 82.6
Not available 17 17.4
TOTAL 140 100

The results from table 4 shows the perception of the
respondents towards knowledge acquired through broadcast
agricultural development programmes in the study area. The
respondents agreed that Constant listening to broadcast
agricultural development programmes on radio and television
contributes to their farm’s productivity with mean value 4.56,
also the mean value 4.12 shows that the Listening to
broadcast agricultural programmes has helped in improving
and knowing how and when to plant my seeds for maximum
yield, likewise the mean value 4.08 agreed that Farmer's in
the study area tends to aquire more knowledge in watching
farm broadcast programme on television rather than radio,

this is in line with (Dauda, 2009) that if the information pass
through good medium to the farmers will yield a good result
in their production. The result also shows that Broadcast
agricultural development programmes teaches the farmer 's
on how to select viable seeds for planting with mean value
3.96, and the mean 3.93 for Information on weed control has
reduces the cost of labour. Listening to broadcast agricultural
development programmes is time wasting with mean value of
3.77. Also the results reveals that broadcast agricultural
development programmes equipped the farmer's on how to
cultivate crops in the study area with mean value of 3.65.

TABLE 4: PERCEPTION OF THE RESPONDENTS TOWARDS KNOWLEDGE ACQUIRED THROUGH BROADCAST
AGRICULTURAL PROGRAMMES.

VARIABLE SA A U D SD Mean
F(%) F (%) F(0) F (%) F(%)

Constant listening to broadcast agricultural 45(33.2) 72(51.3) 5(10.1) 8(5.4) - 4.56

Development programmes on radio and television

contributes to my farm’s productivity

Broadcast agricultural programme provides 48(32.2) 79(59.0) 10(6.7) 3(2.0) - 3.81

relevant and current farm information.

Agricultural information content on the farm  37(24.8) 92(67.7) 4(2.7) 7(4.7) - 3.76

Broadcast programme are easy to utilize at the farm level.

No new farming techniques are learned from 27(18.1)  35(26.5) 14(9.4) 64(46.0) - 3.77

the broadcast agricultural development programmes.

Television farm broadcast programmes 27(18.1) 41(27.5) 7(7.7) 65(46.6) - 3.69

are useful only for the elite farmers.
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Radio farm broadcast programmes cannot lead 22(18.8) 27(20.1)
to easy adoption of new farming practices and
techniques by non-literate farmers.

A farmers’ religion does not influence listening 32(25.5) 72(50.3)
to broadcast agricultural development programmes.

Farmers’ social and economic attainmentin ~ 24(19.1) 71(50.7)
the community determines which farm
broadcastprogramme they listen to or watch.

Advertisement and jingles played during 37(24.8) 72(54.3)
farm broadcast programme interfere with the
smooth running and understanding of the information content.

A farmer is easily convinced to adopt a recom-26(17.4) 38(25.5)
mended innovation from listening to or viewing
farm broadcast programmes.

To obtain information from broadcast agricul- 26(17.4) 43(28.9
turalprogrammes is expensive and time consuming.

Information on improved crop varieties has  27(18.1) 92(66.7)
been able to increase my farm productivity.

Information on fertilizer has been able to help 42(28.2) 93(68.4)
improve my crop yield.

Listening to broadcast agricultural programmes23(19.4) 114(78.5)
has helped in improving and knowing how and
when to plant my seeds for maximum yield.

Broadcast agricultural development programmes 5(3.4)
equipped the farmer's on how to cultivate?

Broadcast agricultural development programmes 34(22.8)
teaches the farmer 's on how to select viable seeds

for planting.

Listening to broadcast agricultural development 11(7.4)

programmes is time wasting.

Information on weed control has reduces 22(19.8) 104(70.8)
the cost of labour

Farmer's tend to aquire more knowledge in 15(10.1) 114(80.5)

watching farm broadcast programme on
television rather than radio
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22(14.8)

10(6.7)

30(20.1)

17(11.4)

14(9.4)

3(3.0)

16(11.7)

4(2.7)

3(2.0)

119(80.9)

94(66.1)

43(28.9)

9(6.0)

5(3.4)

69(46.3)

26(17.4)

15(10.1)

14(9.4)

62(47.6)

68(50.6)

5(3.4)

1(0.7)

16(15.7)

5(6.4)

19(13.8)

5(3.4)

6(6.0)

7(4.7)

67(50.0)

3.94

3.77

3.70

3.81

3.71

3.73

3.46

3.49

412

- 3.65

- 3.96

3.77

3.93

4.08
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Broadcast agricultural development programmes 26(17.4) 38(25.5)  76(57.0 - - 3.47
didn't bring about any development to the farmers
productivity

IV. CONCLUSION REFERENCES

Based on the findings from the study, it was discovered that
broadcast agricultural programmes is effective in ensuring
agricultural development in the study area. This is evident in
the dominant perception of the rural farmers who reported
positive disposition towards the effectiveness of broadcast
agricultural programmes on agricultural development
coupled with their high level of exposure to agricultural
broadcast programmes in the study area. Despite all these
attributes, farmers in the study area still had challenges in
accessing these broadcast agricultural programmes on a
regular basis owing to various factors such as: Inadequate or
irregular power supply, short airtime and frequency of airing,
language barrier, poor signal reception. In addition, level of
education and income all had an influence on the sources of
agricultural information the rural farmers prefer to use. Also,
age, level of education and income all contributes
synonymously to the perception of farmers on knowledge
acquired through broadcast agricultural programmes. There
is also a high level of significance of the depth of exposure of
farmers to their disposition towards agricultural broadcast
programmes as a developmental tool in the study area. This
further reiterate the importance of broadcast agricultural
programmes in  enhancing  sustainable agricultural
development as it facilitates farmers’ access to information
and new technologies.

V. RECOMMENDATIONS
Based on the findings from the study, the following
recommendations were made:

a. Research messages should be translated into the
simplest language possible and translated to the
prevalent language.

b. Radio stations and television channels should provide
forum for questions and answers on aired program.

c. Radio stations/broadcasters  should become
independent of government in terms of management
and programs and be more adoptive to their
requirements.

d. Farmers should procure transistor radio sets, operated
by battery to enable them listen to radio when there is
power failure.
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Abstract— This study aims to determine and analyze the Quality of Service through variable assurance,
empathy, age, gender, education, occupation, length of subscription, and power customer on customer
satisfaction at PT. PLN (Persero) Kotabaru Area. This type of research uses explanatory research types. The
object of research in this study is PT. PLN (Persero) Kotabaru Area. The sampling technique used was
purposive sampling using the Slovin formula, where the number of samples was 400 people. Data analysis in this
study used Correlation Analysis. Correlation Test research results prove that the empathy variable has the
highest correlation that is equal to 0.586, is at the level of "Medium®, this means that the empathy variable of
PT. PLN (Persero) Kotabaru Area to customers makes customers feel satisfied with PT. PLN (Persero)

Kotabaru Area.
Keywords— Correlation, service quality, variable.

l. PRELIMINARY

Electricity is the source of human life, because without the
presence of electricity, it would be difficult for people to
survive. To be able to continue to live, then the need for
electricity must be met. Therefore, the supply of electricity
will be borne, including the Indonesian people, especially
the people of South Kalimantan, specifically Kotabaru,
Tanah Bumbu and its surroundings.

PT PLN (Persero) is a state-owned company appointed to
meet the electricity needs of the Indonesian people.
Service productivity is the ability of service producers to
use inputs to provide services to meet customer
expectations.

The increase in the number of customers is increasing day
by day, is a positive increase to support the potential of
PT. PLN (Persero) Kotabaru Area, but in practice the
community still complained about the services provided by
PT. PLN (Persero) Kotabaru Area. Complaints that cause
disruption to the electricity network, changes in service to
dispensation services that occurred in the past involving
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consumers, such as errors in recording meters, delays in
service of new installations and powered by power, being
late in making electricity normalize, and also power
outages using suddenly because it needs to be done by the
community.

In addition to the need for electricity continues to increase,
there are also some complaints against PT. PLN (Persero)
Kotabaru Area is replaced by services received by
customers such as, power outage schedules that have no
certainty of completion time, house-to-house cable
connections, and interference from electric power
substations. As a company engaged in the sale of electrical
energy, PT. PLN (Persero) Kotabaru Area is required to
maximize the competence of employees to always be
ready and ready to use.

The level of service quality (Service Quality) cannot be
agreed based on the point of view. Therefore, in
formulating the strategies and programs of institutions
oriented to the interests of customers. Services provided by
PT. PLN (Persero) Kotabaru Area can not be separated
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from the quality of service consisting of Assurance and
Emphaty.

According to Fatmawati (2010), one of the functions of
government that is now increasingly highlighted is the
community that is managed by government institutions
that provide public services. Improving the quality of
public services by the government is now increasingly
prominent, even a priority for the community. The
problem that is often criticized by the public or service
recipients is the perception of "quality" inherent in all
aspects of service.

Customer satisfaction is a requirement for a company that
survives and is very important because maintaining
customer satisfaction will create a good image for the
company itself, there is also a good relationship between
the company and the customer.

According to a brief consideration with consideration to
the customer that has been done in Kotabaru District
Regarding some questions regarding delays in service,
consideration of time and service costs, frequent power
outages, illegal electricity to a certain number of people
who use the information needed to help themselves by
collecting additional fees in every house when carrying
electricity payment receipts required by customers and the
PLN itself. This phenomenon will cause negative
challenges from customersBased on the preliminary facts
discussed above, it is very necessary to discuss further,
therefore this study is given the title "Analysis of the
Relationship of Factors Affecting Customer Satisfaction at
PT. PLN (Persero) Kotabaru Area ".

Formulation of the problem

Based on the background of the problem that has been

described, then the problem is formulated as follows:

1. Are the factors of service quality (Guarantee,
Empathy, Age, Gender, Education, Employment,
Length of Subscription and Power) correlated with
Customer Satisfaction at PT. PLN (Persero) Kotabaru
Area?

2. What level of customer satisfaction does the
customer receive from PT.PLN (Persero) Kotabaru
Area?

Research purposes

From the background of the above questions, the purpose

of this study are:

1. To analyze the close relationship between Customer
Satisfaction and the factors that influence it
(Guarantee, Empathy, Age, Gender, Education,
Employment, Length of Subscription and Power) at
PT. PLN (Persero) Kotabaru Area.

www.ijeab.com

2. To find out the level of Customer Satisfaction) at PT.
PLN (Persero) Kotabaru Area.

THEORETICAL BASIS

Service Quality

Service quality can be measured by comparing perceptions
between expected service and expected and perceived
service by consumers (Gronroos, 1982; Parasuraman et al,
1990). In measuring service quality, according to Kotler
(1994) it must start from recognizing the needs / interests
of consumers and ending with consumer perceptions. This
means that the picture of quality must refer to the views of
consumers and not to the service provider, because
consumers consume and enjoy services. Consumers
deserve to determine whether the service is of good quality
or not.

Efforts to maintain the quality of service, thereby aiming
to provide satisfaction to the community, so that
community satisfaction with PLN services in the Kotabaru
Area can be used as an indicator of the performance of
staff of PLN Kotabaru Area staff. The quality of public
services is thus interpreted as community satisfaction with
the services received by comparing the expectations of the
community with the reality based on speed of service time,
fairness in service, as well as time efficiency and service
costs.

Some of the descriptions above regarding service quality,
then in an effort to achieve research objectives, namely to
find out the service quality of the Kotabaru Area PLN that
is used to measure the quality of the service is by referring
to the opinion expressed by Parasuraman, et.al. in Kotler
(2003: 455).

Customer satisfaction

Customer satisfaction is the customer's response to the
discrepancy between the level of interest before and the
actual performance felt after use. One factor that satisfies
consumers or customers is the perception of service quality
that focuses on five service dimensions, namely
responsiveness, reliability, empathy, guarantee, and direct
evidence. Customer satisfaction, in addition to being
influenced by perceived service quality is alsodetermined
by product quality and price (Rangkuti, 2002: 30).
Gaspersz (1997: 34) states that basically customer
satisfaction can be defined simply as a condition where the
needs, desires and expectations of customers can be
fulfilled through the products consumed.

Hypotheses

Based on the conceptual framework above the hypotheses
in this study are as follows:
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1. Suspected factors of service quality (Assurance,
Empathy, Age, Gender, Education, Employment,
Length of Subscription and Power) are closely
correlated to Customer Satisfaction at PT. PLN
(Persero) Kotabaru Area.

2. ltis suspected that the customer has a strong level of
satisfaction with PT.PLN (Persero) Kotabaru Area.

1. RESEARCH METHODS

This research uses explanatory research type. According to
Sugiyono (2009: 18) explanatory research is research that
explains the causal relationship between variables that
influence hypotheses. This is in accordance with the
purpose of the study, which is to explain the causal
relationship that occurs between the independent variables
with the dependent variable by testing the hypothesis.

The object of research in this study is PLN customers
located in the work area of PT. PLN (Persero) Kotabaru
Avrea.

Sample

The sample is part of the number and characteristics
possessed by the population. (Sugiyono, 2009: 122). In
this study, the sampling technique used was purposive
sampling. Purposive sampling, namely sampling carefully
selected by taking research objects that are selective and
have specific characteristics.

The sample distribution will be divided into 3 (three)
regions, namely Kotabaru, Batulicin and Satui, for the
Kotabaru 150 customers, Batulicin 150 customers and
Satui 100 customers.

1. RESULTS AND DISCUSSION
From the questionnaire that has been collected can be seen
general description of respondents seen from various
characteristics below:

Table 1. Gender of respondents

No. | Jenis Kelamin |  Frekuensi Persentase (%)
1 Laki-Laki 280 70%
2 Perempuan 120 30%
Jumlah 400 100%

Table 2. Age of Respondents

No. Usia Frekuensi | Persentase (%)
1 <25 49 12,3%
2 26-30 42 10,5%
3 31-40 80 20,0%
4 41-50 134 33,5%
5 >50 95 23,8%
Jumlah 400 100%
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Table 3. Education of respondents

No. Usia Frekuensi Persentase (%)
1 SD 79 19,8%
2 SMP 67 16,8%
3 SMA-SMK 160 40%
4 Diploma 41 10,3%
5 S1-S2 53 13,3%
Jumlah 400 100%

Table 4. Respondent occupations

No. | Pekerjaan Frekuensi Persentase (%)
1 | Wirausaha 6 1.5%
2 PNS 138 34,5%
g Swasta 87 21,8% |
4 TNI 42 105% |
5 Polri 127 31,8%
Jumlah 400 100%

Table 5. Length of subscription of respondents

No. Lama Frekuensi Persentase (%)
1 < § tahun 255 63,7%
2 > 5 tahun 145 36,3%
Jumlah 400 100%

Table 6. Respondent subscription power

oo Sl

 No. | Lama Frekuensi | Persentase ("/:) .
1 450 watt 76 19%
2 900 watt 240 \ 60%
3 13200 watt 56 14%
4 | 2200 watt 13 3.3%
5 | 23500 watt 15 3.8%
Jumlah 400 100%

Table 7. Correlation test results

Variabel Corells Tingkat Hubungan

Assurance (X;) 0.452 Sedang

| Empathy (X3) 0,586 Sedang

 Umur (X3) 0.053 Sangat Lemah
Jenis Kelamin (X4) 0.127 Sangat Lemah
Pendidikan (X5) 0.074 Sangat L.emah
Pekerjaan (X6) 0.011 Sang