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This study aims to highlight the problems of the Greek agriculture and to identify the level of
information that the farmers have regarding the Common Agricultural Policy (CAP). Here, primary data
were collected from in-depth interviews (structured questionnaire) with 241 farmers in the region of
Thessaly-Greece. The study was conducted in November 2016, within the geographical boundaries of
the Region of Thessaly. The data were analyzed via descriptive statistics, the non-parametric Friedman
test, Factor Analysis and Cluster Analysis. The results indicate that Greek farmers are not adequately
informed about the CAP. The research findings showed that Greece requires an agricultural sector that
will also be eco-friendly, producing high added value products. These factors are important and could
become the country's comparative advantage. The innovation of the study lies in the fact that the
survey was conducted in a highly representative Greek rural prefecture, investigating the farmer's
information level as it concerns the CAP policy schemes.

Key words: Common agricultural policy, agricultural sector, agricultural production, Thessaly, Greece.

INTRODUCTION

The Common Agricultural Policy (CAP) is the agricultural
policy implemented by the European Union (EU) and
comprises a set of laws and regulations that designate
the operation of the farm sector (crop and livestock)
(Andrei and Darvasi, 2012). Its primary objectives are to
provide consumers with stable, safe and affordable
prices, while ensuring a decent standard of living for

farmers (European Commission, 2016). The CAP is one
of the oldest policies of the EU covering both the
managerial, productive, environmental and social
activities of the agricultural sector and, on the other hand,
all its links with other sectors of the economy (Jurkenaite
and Volkov, 2011).

In European agriculture, the role of the family business
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in the agricultural sector is decisive concerning both
employment and its significant contribution to the
protection of society (De Castro et al., 2014). In the
international literature, several studies have explored the
relationship between CAP subsidies and employment in
the rural area despite the diversification of results in each
EU country (Galluzzo, 2017). The CAP can hardly cope
with the challenges it faces because of the contradictions
between the pre-defined problems and the measures
proposed to deal with them. This is because it offers
limited changes to the previous CAP (Popp and Jambor,
2015). The vague and different directions of the Treaty of
Rome which are being pursued in the Treaty of Lisbon
create difficulties in the implementation of the agricultural
policy. This is a typical component of the structure
Tinbergen (Hill, 2012).

The policy context regulates how the farm sector
operates at all stages of production and marketing. It also
describes the movement of goods, the use of soil, the
determination of subsidies, the product quality and the
environment, ensuring price stability and employment in
the agricultural sector, and offering the European quality
products and continuous economic and social
development. The main disadvantage of the CAP is that
to implement all laws and regulations, it involves
extensive paperwork and bureaucracy. For these
reasons, the CAP was the subject of significant
disagreements between the EU Member States that have
led and will lead in a continuous evolution, necessary for
the adjustment and the agricultural sector as other
sectors of the economy.

Still, the absence of coordination between sectors and
between member states resulted in merely pathogenic
implemented policies. Over the last fifty years, the
various policy schemes within the CAP created a food
system of increased productivity per surface of the land,
supply of large volumes of food, ultimately ensuring food
provision to all. Apparently, farmers were supported to
provide cheap raw materials for the food processing
industry, whereas the consumer was satisfied by the
plethora of food products in the supermarkets. A policy
that was efficient, proving economies of scale and low-
cost food at large quantity was acceptable at that time.
Nowadays, the CAP moves to new directions, and the
current discussions on its reform may offer the platform
for a sustainable and rational food production system.
The EU financial perspectives for the period 2015 - 2020
are: a) the reduction in the agriculture market share in the
EU budget b) make the CAP greener at a price of 30%
for environmental reasons, and c) the progressive
convergence of the funds of the EU Member States up
t090% of the average European Instrument. The primary
guestion for the present research is if the Greek farmers
are well informed regarding the new CAP for the period
2015 - 2020.

It is a fact that the reform of the agricultural policy
aimed to maintain the income of farm households.
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According to El Benni and Finger (2013), these goals
could be achieved through different policy measures that
include the market support and direct farm payments.
Moreover, they claimed that the inequality between
individuals is of highest societal and political importance.
Alexiadis et al. (2013) underlined the importance of
agriculture as one of the most crucial for regional
convergence and development. Furthermore, Zasada
and Piorr (2015) argued that during the funding periods of
2000 — 2006 and 2007 - 2013, within the EU, there was
an effort of improving the competitiveness of the primary
sector and protecting the environment and the
countryside. That was the case where the third axis of
Pillar Il of the CAP was introduced and had as a principal
aim to sustain and enhance the quality of life in the rural
areas.

Still, according to Kotakou and Katranidis (2008), ‘the
decoupling of CAP payments leads production decisions
and allocation of resources to be dependent on the
market prices. Also, many agricultural economists have
addressed the effect of the CAP on the various changes
in the use of productive factors. Even Bartolini and Viaggi
(2011) argued that scholars have underlined the effect of
the agricultural policy components such as the decoupled
payments. The same opinion was shared by Schmid et
al. (2007) who mentioned that ‘prices have been further
reduced, and farmers will receive decoupled income
support payments instead of production premiums from
2005 onwards'. Despite the changes in the CAP and the
significance of the funds spent, the degree of tackling the
problem of "farm income" remains unclear (Ackrill, 2008).
The new CAP budget is significantly reduced as a
percentage of the EU budget but remains the most critical
funding policy. In the 2014 - 2020 period the CAP
received 37.6% of the EU budget, compared with 43.5%
for the 2007 -2013 period. This was a significant
reduction compared to previous decades when the CAP
accounted for 60% of the budget in the 1990s and 70% in
the 1970s (Papadopoulos, 2015).

Based on those mentioned above, the objective of the
present study is to investigate and access the
perceptions and views of farmers, from a Greek rural
region, towards the different aspects of the new CAP.
Accordingly, it will be feasible to highlight the problems of
the Greek agriculture and to identify the level of
information that the farmers have regarding the Common
Agricultural Policy (CAP). The remainder of the paper
includes a general overview of the new CAP and its
implementation to the Greek agriculture, followed by a
description of the materials and methods employed in the
study. Results are thereafter presented, discussed and
the study concluded.

Is the new CAP an opportunity for Greece?

According to a neoliberal opinion, the modern economy
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should unify and deliberate on the markets and this may
result in the effectiveness of the agricultural product
markets and the creation of added value for these
commodities. Like in the business world, those
agricultural units that will not adapt to the modern
international market will be automatically excluded.
Moreover, in the last years a sharp decline in the living
standards can be observed, with increased poverty,
hunger, displacement — migration of population to various
countries that ensure safety and a low minimum standard
of living. The increase in production costs and the launch
of taxes during the crisis led to a severe fall in agricultural
income in our country. Over the period 2009 - 2013, the
rise in the cost of inputs to agricultural production has
increased by more than 10.5%. Characteristic was the
change in energy costs, which grew by 44.2% in the 2009
- 2013 period of five years. In the same five years, taxes
on production went up from EUR 141.7 million to EUR
441.9 million, an increase of around 211%; a change
corresponding to a cost of some EUR 300 million. On the
other hand, the financial sector gets stronger, often
through state protection policies (too—big-to—faill),
increasing speculation on raw materials, metals, food,
rural depopulation in the name of productivity,
technology, markets, production costs, and reforms.

Agricultural policy and rural development should be
designed concerning the protection of the environment,
that is to say, nature and the place where man is active.
This broadens the orientations and actions of agricultural
policy from the agricultural sector to a holistic rural
management policy (Vlahos and Louloudis, 2011). The
central area of environmental investment for investment
projects in agriculture was irrigation, but this was just 2%
of all investment plans for the country as a whole
(Vorloou and Castritsi-Catharios, 2012). In all European
countries, there was a steady migration from the
countryside to the urban area, which aggravated the
general living conditions of the population in rural areas
(Kasimis et al., 2010). During the economic crisis, there
was a significant return from urban areas to rural areas.
"Rural return” is defined as the internal migration process
of the urban population that decides to move to the
countryside - since no formal element exists to facilitate
research or research on the actual return to the place of
origin (Anastasiou and Duquenne, 2015).

Such rural policies aim to drive farmers to private
insurance (further strengthening of the financial sector),
and on minimal support from national, international
institutions (such as EU). The following diagram of the

'During the economic crisis of 2008, the US government intervened in the fate
of companies such as AIG because such a company was too big to fail and if it
did the outcome would be unprecedented and cataclysmic.
(http://www.businessdictionary.com).

The too-big-to-fail doctrine, sometimes called T.B.T.F., goes back at least as
far as Brandeis’ time, when, in 1914, the Treasury stepped in to provide
financial aid to New York City. (Eeic DASH JUNE 20, 2009 If It’s Too Big to
Fail, Is It Too Big to Exist?
http://www.nytimes.com/2009/06/21/weekinreview/2 1dash.html? =0 )

OECD shows the evolution of the assistance of the
agricultural sector in EU-28 and the OECD countries
(Figure 1). In the last years, the agricultural sector has
faced changes and challenges of the public policies
(CAP) in both the traditional role and new role. Traditional
role concerns food production, raw materials, and job
creation, and new role regarding environmental
protection, production of quality products, development of
rural areas, social cohesion and entrepreneurial form of
organization (Karanikolas and Martinos, 2012).

The needs and claims in the modern agricultural
production and marketing of agricultural products (input
costs, intensification of production, etc.), from an
economic and organizational point of view (use of new
technologies, global market of agricultural products, etc.),
with the constant changes in community policies and with
reduction of the production protection for the period 2010
— 2014 (Figure 2) create an enormous uncertainty
amongst the farmers.

Adding the climate change, the mentality of the
farmers, the global economic crisis that has a significant
influence in the agricultural sector and the speculation of
the large multinational companies in the food sector (e.g.
rice, corn, etc.), we may have a complete picture of the
agricultural sector without the economic incentives,
especially for small-scale farmers. Agricultural products
market instead of becoming self-regulate, deregulated,
and the control of markets operating mechanisms also
turned off, so we were led to speculation (Dumenil and
Levy, 2005). This is the agricultural sector operating
environment and is part of the neoliberal view which
considers the farmer as the entrepreneur who must adapt
to the market conditions. Since 1980 there has been a
shift in the agricultural sector to the neoliberal model of
markets.

The Greek agricultural sector has contributed to the
development of the country's economy as one of the
significant factors of development, but also, influenced
other sectors as well, such as rural areas development,
agro-food security, and regulation, etc. The active
population of the country engaged in the agricultural
sector accounts for 12% of the total population (Table 1).
However, Greece contributes only 3.0% of gross value
added of the agricultural sector of the EU (Average 2012
- 2014) and is significantly lower than major competitors.
The gross value added has continuously decreased
between 1995 and 2014. From 2011 to 2014 has been a
slight improvement (Figures 3 and 4).

The generated added value to agricultural production in
Greece is far behind from its main competitors. Moreover,
in the last decade, the farm income in Greece decreased by
an average annual rate of 0.4%, against an increase of
1.6% in the rest of the Eurozone countries.

With Greece's entry into the EU in 1981, the country's
economic policy was based on the Keynesian theory,
which means the extensive redistribution of income to
increase the rate of demand and investment.
Furthermore, due to the increase of the EU's imported
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Figure 1. Agricultural support
Source: OECD (2016a).
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products, the agricultural sector external balance became
negative. With the CAP of the 80s began the degradation
of the agricultural sector. Table 2 illustrates a SWOT
analysis for the Greek agriculture:

As reported by Dautopoulos and Pyrovetsi (2002), the
Greek agriculture is confused. There is a vision that
determines who we are and who we want to reach.
Agriculture is drawn from the CAP developments and
globalization that neither controls nor defines. Otherwise,
the country will make food imports from other countries at
better prices and the farmer will be out of the market. In

1,343 1,267 1,287 1,267 1,263 1,230 1,186 1,136 1,119 1,130 1,116 1,099 1,113 1,101 1,099 1,101 1,109

Year

theory, this is correct, but in social terms should we see
another agriculture leading to sustainable agriculture as
reported by Dautopoulos and Pyrovetsi (2002). The
Sustainable Agriculture has the following features:

. An integrated rural policy.

. Regional planning.

. Mediterranean recipes.

. Local agricultural research.

. Local control and planning of agricultural education.

. Tin development of the cooperative movement of the

OO WNPEF
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Table 1. Main characteristics of the agricultural sector in Greece.

Characteristic 2007 2008 2009 2010 2011 2012
Employment in the Primary Sector (%) 111 10.9 11.2 11.7 12.3 13
Crop Production value (mil.€) 7385.21 7008.93 6495.85 6738.69  7081.75 7012.86
Animal Production Value (mil.€) 2675.77  2776.78  2800.17 2781.88  2833.79 2767.16

Total production of the Agricultural Sector (million. €) 10896.37 10728.77 10251.77 10519.7 10926.31 10781.52

Source: Eurostat, Hellenic Statistical Authority (2015).
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Table 2. SWOT analysis for the Greek Agriculture.
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Strength

Weakness

Excellent climatic and soil conditions, low pollution, high quality, ease and low cost of
conversion of large areas or livestock to organic, etc.

Great international recognition of products and regions in the country. Very high production
differentiation and global uniqueness for some products.

An important position of the agri-food sector in the country's economy and the existence of
significant production capacity in processing. Powerful Brand Names of Big Companies

The negative structural features of Greek production (mountainous or semi-mountainous
lands, island regions, small farms, etc.) can be turned into comparative advantages.

Serious structural problems (small size and multiplicity of farms, aging, low
educational level, lack of entrepreneurship and innovative spirit).

High cost of production, high dependence on subsidies. Objective difficulties in
creating comparative price advantages.

Insufficiencies of the structures, processing, promotion and distribution of agricultural
products abroad. Lack of cooperative consciousness.

Problems of interconnection between agriculture, processing and marketing.
Insufficient agricultural research. Lack of domestic production of inputs required.
Low production size at local level that prevents the vertical integration or
transportation of products in large urban centers.

Opportunity

Threat

High global demand for quality agricultural products. Favorable conditions in mature but
also emerging markets for increased exports of Greek products.

Creating favorable conditions for the modernization, development and resolution of
structural problems following the revision of the CAP. Emphasis on the EU's agricultural
policy sustainable development and raising awareness of the environment and food safety

Sufficiency of agricultural resources and the existence of unused land. Significant margins
to increase productivity and improve quality. Variety of natural and cultural environments
and excellent environmental conditions favoring the development of agrotourism.

Possibilities of exploiting agriculture (in times of severe economic crisis), to combat
unemployment.

Existence of intense interest in serious business activity in the industry. Ability to exploit
new technologies to create effective marketing networks.

Deterioration of the financial crisis. Reduced per capita consumption and shift to
cheap imported due to reduced disposable income.

Increase competition in the long term, from low-cost third countries.

Market liberalization and the failure of certain branches of Greek agriculture to
respond to the challenges. Low productivity and lack of international competitiveness
of basic export products, following the revision of the CAP

State mechanism inefficiency, service malfunctions and infrastructure problems.

Difficulties in expanding and modernizing many viable farms and failing to achieve
economies of scale.

Source: Dagalidis (2014).

base. basis as
7. Farmers equity-creative.
today's farmer

Nowadays, the farmer operates on a business

the work has
economic, social and environmental. Therefore,
should have
understand the evolution of the economy. The

three dimensions: agricultural production of the country will be
turned into products that meet the international
market. This means that agricultural products are

competing independently of the producing country

the ability to
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and the country of destination. A competitive economy
means having the capacity to produce goods and
services at lower cost and in excellent quality. In this
case, the economy is attractive for investment, thus
increasing productivity. So, the competitiveness and
investments are directly linked (Jayasuriya, 2011; Milner
and Pentecost, 1996; Walsh and Yu, 2010). So, the
economy will show increased growth because
competitive considered that the economy is showing
increased growth by continuously improving productivity.

Defining competitiveness as "the ability of a country or
a company to proportionally generate more wealth than
its competitors in world markets,” the question for
policymakers is whether such studies are relevant in
comparing economic performance across countries
(Kliesen, 1995). The actual competitiveness is measured
by productivity (Porter et al., 2005). The main questions
are: How can the competitiveness of the monetarist-
liberal view be increased when the average farmer in
Greece has a low income and high production costs;
when the farmer - entrepreneur relationship is not
competitive because the majority of farms are family-
related? What is the bargaining power of farmers in the
formation of prices following the benefit-cost view when
the trend of prices of agricultural products varies widely
from year to year and for most products is determined by
international food exchanges and speculators
(Kourmousis, 2010). The abundant quantities and slow
economic growth have pushed food prices to significant
fluctuations. The variation of the quotation has often a
dramatic impact on the economy.

Unfortunately, the variables that determine the
competition is not only the price and quality of products
but also other variables such as the size of production
units, the cost of production, bargaining power, tax, and
insurance  system, infrastructure, justice, public
administration, etc. Therefore, the market conditions are
determined  exogenously by large multinational
manufacturing agricultural industries and retail food
chains rather than farmers. A Greek farmer is limited to
the production of products, receiving little of the goodwill
of the final products, but not regarded as a producer of
food necessary for the survival and good health of people
but as a business based on competitiveness. This view
may have a negative impact on consumer both from the
health and economic perspectives.

MATERIALS AND METHODS

The survey was based on primary data gathered using a
questionnaire filled in by telephone interviews. The study was
conducted in November 2016, within the geographical boundaries
of the Region of Thessaly. The telephone survey using a structured
questionnaire was conducted on a sample of 241 farmers in the
region aged over 18 years. The sample was selected using the
multistage sampling method (Oppenheim, 1992; Stathopoulos,
1997), whereas the total population of the research area along with
the social and economic data were provided from the 2011 National

Statistical Office of Greece (NSSG, 2011). The sample design
involved, firstly, the proportional representation of the people (family
leaders) working as agricultural producers in the four provinces of
Thessaly (Magnesia, Larissa, Karditsa and Trikala) and secondly,
the proportional representation of rural regions per county so that
the results of the survey can be as general as possible for the entire
population of the research area.

The study sample comprised farmers who responded to the
phone calls randomly assigned to telephone devices in the
research area and were considered suitable persons to participate
in the survey. Thus, there was the possibility that some of them did
not live permanently in the region but have been found at random
or for some limited time. However, this possibility was not high and
do not alter the results of the survey, nor does it represent an
obstacle to generalizing conclusions for the whole population.

Accordingly, based on the sampling organization, it can be
assumed that the total sample of the 241 farmers in the region
corresponded to a population with similar characteristics, where its
size varied within the range required by the application of
multistage sampling (Stathopoulos, 1997).

The questionnaire was tested on a sample of fifty people to
identify possible weaknesses and to investigate the necessary
improvements in its structure. The questions included in the survey
instrument were based on extensive literature review, after the
significant changes were made to respond to the specific purposes
of the study (Babbie, 2011; Oppenheim, 1992; Dautopoulos, 2000;
Javeau, 1996). The questionnaire included a total of 46 closed-type
guestions divided into three categories: the socio-demographic
characteristics of farmers, the structural features, and problems of
farms and the farmer's views on the new CAP (views, components).
The data were analysed using SPSS 17.0 and employing a series
of statistical analyses, namely the descriptive statistics, statistical
hypothesis tests (X?), non-parametric statistical analysis of the
Friedman, Factor Analysis and Cluster Analysis.

Factor analysis was performed using the principal component
analysis (PCA) method with the axes rotating by the Varimax
method. Accordingly, the technique was employed to the questions
that referred to the farmer's responses regarding the most
significant factor of the new CAP and the most significant changes
that the new CAP brought about. The former questions were
measured with four items on a 5-point Likert scale (1-not at all
important to 5-very important), whereas the latter was gauged with
four items measured with the same scale. Subsequently, the factors
revealed from the analysis were used to perform a cluster analysis.

Cluster analysis is a method designed to classify existing
observations using the information that exists in some variables. It
can be argued that by looking at how similar some observations
about a number of variables are, the method tends to create groups
of similarity-like observations. A successful analysis should result in
groups for which the observations within each group are as
homogeneous as possible, but observations of different groups
differ as much as possible (Hair et al., 2010). Cluster analysis can
be conducted through a) by hierarchical clustering, and b) by the K-
Mean cluster analysis.

In the present study, a combination of the two methods was
employed. Initially, a hierarchical cluster analysis was used to
identify the number of clusters. Subsequently, the non-hierarchical
cluster analysis was applied to determine these in detail, utilizing
the findings of the hierarchical analysis. The hierarchical clustering
method was performed using the Ward method to minimize cluster
differences. Applied distance measure was the square of the
Euclidean distance. Regarding the choice of the number of clusters
to be created, the number of farmers in the sample was the basis
for selecting a range of two to five clusters. The number of clusters
resulted from the assessment of the agglomeration coefficients as
well as from the fact that the number of farmers in each cluster was
theoretically valid and practical. The researcher is looking for
significant increases in agglomeration coefficients to determine the



number of clusters to be created. Finally, based on the specific
data, size of the sample and its theoretical interpretation, analysis
of the three clusters in the second stage of the analysis (non-
hierarchical) was examined to analyse the results. Consequently,
the non-hierarchical analysis was applied to K averages to
determine in detail the final number of clusters derived from the
hierarchical analysis. The center of each cluster is merely the
average of all variables and for those observations that fit into that
cluster (Hair et al., 2010).

RESULTS AND DISCUSSION

The investigation of the probability of a statistical
difference between farmers' views on the most important
changes brought about by the 2003 CAP was gauged
through application of the Friedman's statistical test
(Table 3). According to the results, it was found that the
decoupling of subsidies was the main change of the CAP
according to the farmers' views, with a 2.95 average
ranking; also, the next most significant change is in the
relationship with the ginning plants, with a rating of 2.79.

The Friedman's statistical test was also applied to
investigate the possibility of a statistical difference
between farmers' views for the most important CAP
factors of 2003 (Table 4). The results indicate that
increase in competition is the most important factor, with
a rating of 3.09, followed by the agro-environmental
measures, with an average value of 2.84.

Besides, the Friedman's statistical test has employed
the existence of a statistical difference between farmers'
views on which farming method or tactic would change in
the years to come. According to the results (Table 5),
farmers are more likely to make changes in farm
buildings and other infrastructures, with an average of
5.67, with other changes including the irrigated area
(5.55) and the private area (5.51).

Respondents were also asked how they perceive the
changes of the new CAP for the future of farmers,
through a question where they had to choose between
the answers 1 = Threat, 2 = Opportunity, 3 = Neutral, 4 =
I do not know. Accordingly, the results showed that most
farmers do not know (33%) or consider neutral (31%) the
changes in the 2003 CAP for the future of farmers,
followed by 25% of the sample that discusses the
changes as an opportunity, and 11% considers them as a
threat. Farmers were also asked to indicate the perceived
changes in the 2003 CAP for the employment in the
agricultural sector, choosing between the answers: 1 =
Threat, 2 = Opportunity, 3 = Neutral, 4 = | do not know.

The results indicated that the farmers do not know
(29%) or consider the changes in the 2003 CAP for the
employment in the agricultural sector as neutral (30%) or
opportunity (28%), while only 11% considered the
changes as actual threats. Finally, the sampling farmers
were asked their views regarding the situation for the
farmer and agriculture after 2015, choosing between 1 =
Better, 2 = Worst, 3 = Do not Know. The majority of
respondents do not know what the state of agriculture
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Table 3. Most important changes brought about by the 2003 CAP,
Friedman test results.

Changes in the CAP reform Mean rank
Decoupling of subsidies 2.95
Comply with environmental restrictions 2.34
Changes in the role of cooperatives 1.92
Relations with ginning plants 2.79

Table 4. Most important factors of the 2003 CAP reform, Friedman
test results.

Factors of the CAP reform Mean rank
Reduction in subsidies 1.30
Agri-environmental measures 2.84
Increase in competition 3.09
Decoupling of payments 2.77

and farmers will be after 2015, while 25% perceived that
it would be an opportunity and 21% of the sample are of
the opinion that it will be a threat.

The next step of the methodology involved the factor
analysis. Table 6 illustrates the results of the analysis,
where two factors were revealed explaining 63.3% of the
total variance.

The first factor can be named “Organizational changes”
as it includes the changes in the role of cooperatives and
the compliance with environmental constraints. The
second factor can be named “Decoupling” since it
comprised the decoupling scheme of the CAP and the
changes in the relations with the ginning plants. As
regards the most significant components of the new CAP,
the factor analysis revealed two factors that explained
69.59% of the total variance. The first factor (Table 6) can
be named “Farm competition” since it contained the items
of and the increase in competition and the agri-
environmental measures. The second factor comprised
the items of ‘decoupling’ and ‘decrease in subsidies’ and
can be named “Subsidies.” The revealed factors were
further used for cluster analysis to identify possible
groups of farmers. Variables that were also included in
this grouping procedure involved the farmer’s perceptions
regarding the changes in the new CAP, their attitudes
regarding how agriculture and farmers will be after 2015,
their satisfaction from sale prices, the problems they
confront regarding sales and the level of information
concerning the new CAP. The 3-cluster solution was
interpreted easier and displayed the highest number of
significant factor differences among the clusters (Table
7). The three formed clusters (cluster 1, n= 80; cluster 2,
n=61; cluster 3, n=100) are evidently separate regarding
the perceptions of farmers regarding the new CAP.
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Table 5. Changes in farming methods or tactics, Friedman test results.

Farming method Mean rank
Investment in machinery 4.56
Machine use contract and machine sharing 4.73
Investing in agricultural buildings and other infrastructure (roads, water, electricity, drainage, watering, fences, etc.) 5.67
Irrigated area 5.55
Owned land 5.51
Rented area 5.41
Use of fertilizers 4.34
Use of agrochemicals 4.16
Use of quality seeds 5.09

Table 6. Factor analysis results.

Component Factors

Significant changes of the new CAP 1 2

Organizational changes

Changes in the role of cooperatives 0.834

Compliance with environmental constraints 0.779

Decoupling

Relations with the ginning plants 0.683

Decoupling 0.776

Most significant components of the new CAP Factors

Farm Competition

Increase in competition 0.896

Agri-environmental measures 0.862

Subsidies

Decoupling 0.833

Decrease in subsidies 0.669

Table 7. K-Means cluster analysis results (three-cluster solution) (mean values).
Cluster . .
Component Fratio Sig.

1(N=80) 2 (N=61) 3 (N=100)

Organizational Changes

Decoupling

Farm competition

Subsidies

Perceptions regarding the changes in the new CAP
Perceptions regarding how agriculture and the farmers will be after 2015. 1.7210 2.8620 2.2105 1.612 0.202
Satisfaction from sale prices
Problems regarding sales of products
Information regarding the new CAP

1.0734 1.9397 1.5100 40.187 0.000
2.9543 2.4678 2.1380 34.506 0.000
2.0781 2.8303 2.3389 4.761 0.009
2.8734 2.3876 2.0980 37.414 0.000
2.1758 1.4456 1.9734 47.012 0.000

1.1750 2.4727 1.4145 27.547 0.000
2.1875 2.9962 1.4812 15.262 0.000
2.8461 2.0896 1.4989 21.001 0.000

Next is a description of the cluster profiles of the farmers.

Cluster 1

The first cluster includes 80 farmers that represent 33.1%

of the total sample. The farmers in this cluster do not
perceive that the new CAP had any organizational
changes but believe that the decoupling of payments was
the most significant amendment. As regards the most
vital elements of the new CAP, the farmers in this cluster



Table 8. SWOT analysis of the farmers’ answers.
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Strengths

Weaknesses

i) Investing in agricultural buildings and other infrastructure, with other

changes including the irrigate area.

i) 25% of the sample that discusses the changes of the new CAP as

an opportunity

iii) The new CAP moved to significant organizational changes

Opportunities
i) Comply with environmental restrictions

ii) The view of farmers regarding the subsidies and decoupling as

components of the new CAP is mediocre,

iii) The farmers do not see farm competition as an essential element

stemming from the policy measures.

i) The farmers are medium informed regarding the measures included in the new CAP. Most farmers do

not know (33%) or consider neutral (31%) the changes of the new CAP.

ii) The majority of respondents do not know what the state of agriculture and farmers will be after 2015.

iii) The farmers do not face particular problems as concerns product sales, and they are satisfied with

prices

Threats

i) Increase in competition
if) Changes in farming methods

moderately satisfied with product prices..

iii) The farmers do confront significant problems in selling their products, besides the fact that they are

think that the issues referring to subsidies are the
most significant and the farm competition
stemmed from the applied policy schemes.
Besides, they have a favourable view concerning
the changes in the new CAP and are well
informed for the implemented measures. Still, they
are not at all satisfied with their product’s prices
and confront mediocre problems in selling their
products. Based on the above characteristics, the
farmers in this cluster may be named as “active-
informed farmers.”

Cluster 2

This cluster involves 61 farmers that represent
25.3% of the total sample. Farmers in this cluster
perceive that the new CAP moved to significant
organizational changes, but overall, they do not
think that many changes occurred with the new
policy scheme. Moreover, their view regarding the
subsidies and decoupling as components of the
new CAP is mediocre, and they do not see farm
competition as an essential element stemming

from the policy measures. They do not face
particular problems as it concerns product sales,
and are satisfied with prices. Still, they are
medium informed regarding the measures
included in the new CAP. Accordingly, the farmers
in this second cluster may be named “impartial
farmers.”

Cluster 3

One hundred farmers belong to this cluster
capturing the majority (41.6%) of the sample.
Farmers in this group do not believe that
significant changes occurred regarding either
organizational ones or financial (decoupling-
subsidies). Their perception concerning the
changes that the new CAP brought about is
mediocre considering that they are not at all well
informed about the policy schemes implemented.
Finally, they do confront significant problems in
selling their products, besides the fact that they
are moderately satisfied with product prices.
Consequently, the farmers that belong to this third
cluster can be named “passive-misinformed

farmers.”

Bearing in mind the above-mentioned results of
the study, a SWOT analysis was employed based
on the answers provided by the farmers in the
sample (Table 8). The major threats for farmers
are the existence of competition, their
dissatisfaction with the prices of products and the
difficulties they have in selling the products. These
are considered as competition threats. We think
that competition comes mainly from countries with
low labor costs.

Although Solomou et al. (2008) argued that
informing Greek farmers about the CAP and its
reforms is inadequate concerning good practice,
mainly due to the lack of information and the low
educational level, the present study found that
farmers are well informed about the long-term
growth potential of the CAP.

Conclusion

The objective of the present study was to
investigate farmers’ perceptions and view
regarding different aspects of the new CAP. The
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results of the study focus mainly on the socio-
demographic characteristics of the respondents and their
views regarding the issues that emerged after the 2013
CAP reform. Also, farmers are more likely to make
changes in farm buildings and others about the
decoupling of payments and the relations with the ginning
plants, whereas the respondents perceived as most
important factors the increase in competition and the agri-
environmental infrastructures, the irrigated land, and the
owned land. Finally, they were not aware of the changes
to the new CAP for the future of farmers, employment in
the agricultural sector, and the situation for agriculture
and the farmer after 2015. To increase farm incomes, it is
recommended that farmers be continuously informed on
product prices and the financial requirements of each
crop.

The Greek agricultural sector should turn to sustainable
agriculture. Moreover, according to Goulas (2017), in the
last years European Union rural policies are focused on a
balanced rural development and especially those policies
are focused on less favoured agricultural areas. It should
focus on the quality of agricultural products and not just
on quantity. Farmers should make use of new
technologies, invest in the production process to reduce
production costs, reduce their dependence on water,
eliminate the use of chemicals in greenhouses, and
reduce antibiotics in livestock farming. While they will
have to redefine their role in the Greek economy and
society and work cooperatively, possibly in the form of
cooperatives, it is believed that the country will be
competitive in international markets with direct
consequences on investment in the agricultural, agro-
industrial, education and employment sectors. There are
three issues that will contribute overall to the country's
economic growth.

One of the disadvantages that characterize the Greek
agriculture is the distorted structure of ages, with the
highest percentage of farmers being over 55 years old.
They do not have the reflexes demanded by the new
competitive environment; hence they cannot make
significant upheavals, but only improvements in the
quality direction, as long as they are rewarded
accordingly. A necessary prerequisite for their viability is
therefore, the consolidation of the market by concerted
practices and the reduction of production costs, which, at
least regarding agricultural supplies, is a multiple of the
European average. Nonetheless, the aging rural
population - despite the concerns it creates - could hide
at the same time the potential for improving the structure
of the Greek agriculture in the medium term if it was
combined with an entry program for young farmers in the
profession. However, the rate of exit is much higher than
the rate of entry, and this is due to the fact that despite
the high youth unemployment, the farmer's profession is
not attractive but mostly discouraged. There are, of
course, new farmers with an essential requirement for a
secure business environment. Parameters that define it

includes: the use of financial instruments with a
development dimension, information, education, training,
research, innovation. Mostly, however, they demand
quality of life in the countryside, education, health and
culture.

Within the new CAP context, farm support has been
tailored to the priorities and concerns of consumers.
Having left behind when subsidies were linked to the
qguantity of production, support for the CAP has now
turned to the achievement of objectives on quality, the
natural environment, and food safety, in line with the
priorities of European citizens. Greek farmers have once
again the freedom to produce according to market
demand. By removing the incentives for overproduction,
the reforms have made the CAP less distortive in
international trade and consider the needs of developing
countries. Most importantly, farmers must be aware of the
business dimension of their profession. The continuous
and stable quality must be a necessary thing to do, along
with improving products and services. Local quality
standards, combined with networks of similar businesses,
can act as excellent means of displaying attractive
products and services, tempting investors and managing
visitors.

Future research will try to investigate the impact on the
new CAP and its application on local products and
farmers willing to invest on that form of agriculture.
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There are few studies that demonstrate the influence of water stress in biometric variables and cotton
growth. Thus, the objective of this study was to evaluate different levels of water supply in the BRS 2
cotton growth, in the field of Campus Rio Verde - GO, in 2015. Experimental design used was
randomized blocks, with three replications in a split-plot scheme of 5 x 4 with five water replacements
(WR) (25, 50, 75, 100 and 125%) of evapotranspiration, and four times of evaluation (ET) during the
growth cycle (40-60, 61-80, 81-100 and 1-20 days after emergence). The variables analyzed were plant
height (PH), leaf area (LA), dry phytomass stem (DPS), dry phytomass of leaves (DPL), dry phytomass
of reproductive organ (DPRO), dry phytomass of aerial part (DPAP), absolute growth rate (AGR), relative
growth rate (RGR), net assimilation rate (NAR) and leaf area ratio (LAR). The behavior of PH and LA
under the influence of water levels revealed that for a better performance of studied variables, it is
important to consider the irrigation management, besides the crop coefficient. Water replacement
influenced the cotton growth. Low cotton growth rate was caused by the reduction of water supply until

the end of growth cycle.

Key words: Gossypium hirsutum L., dry phytomass, drip irrigation, crop evapotranspiration.

INTRODUCTION

Cotton crop (Gossypium hirsutum L.) has great socio-
economic importance, being one of the main Brazilian
agricultural products to be used in the textile industry,
animal feed and the production of vegetable oil, as well
as, its derivatives for human consumption, among other
purposes.

Its cultivation is mainly in the Midwest region of Brazil,

with about 627 thousand hectares planted in 2014/15
(Conab, 2015), due to the favorable edaphoclimatic
conditions. However, most cases are in a situation of
water deficit. During cotton life cycle, cultivation requires
between 650 and 900 mm of water (Aquino et al., 2012),
with a daily rate of water consumption relatively low
(about 6.5 mm day'1 during the phase of higher transpiracy
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Table 1. Some physical and chemical characteristics of a 0 - 20 cm soil layer of a dystrophic Red Latosol at Campus Rio Verde.

Sorption Complex*

Depth = Density | Total porosity = Sand @ Silt | Clay ) = " "
Ca Mg Na K H+Al | OM BS @ CEC \% pH
cm gcm? % g kg™ cmol. dm™ %  cmolcdm® % -
0-20 1.19 53.03 463 174 322 271 | 1.16 0.13 0.52 0.3 402 | 541 7.83 69.1 5.50

'ca® and Mg?* extracted with HCI 1 mol L™ at pH 7.0; Na" and K" extracted using NHsOAC 1 mol L atpH 7.0; pH determined in CaCl, solution.

of higher transpiratory demand), even in hot climates
and with adequate supply of water in the soil (Oliveira et
al., 2004).However, according to Bezerra et al. (2010)
cotton has a low water demand up to flowering stage
which occurs around 50 DAE.

Water availability is a very important factor affecting
cotton morphology and physiology, which influence crop
productivity. As Oliveira et al. (2012) noted, the best
cotton yield was obtained with a certain amony of water
corresponding to approximately 20% of soil water
content, which exceeds the ETo.

Although cotton shows a good tolerance to water
stress, water deficit may cause significant losses in
productivity (Batista et al., 2010) due to a reduction in
plant growth and vegetative development.According to
Baldo et al. (2009), water deficit may cause drops of
flowers and fruits, as well as, the production of low fiber
content. Oliveira et al. (2008) affirming that biometric
variables, like the stem diameter and plant height are
affected, in addition to the leaf area and biomass,
resulting in lower productivity and worse quality of fiber
(Cordao Sobrinho et al., 2007).

There are few studies that demonstrate the influence of
water stress in these biometric variables, and the growth
of the cotton crop. Thus, the objective of present study
was to evaluate different levels of water replacements in
the cotton growth.

MATERIALS AND METHODS

The experimental study was conducted in an experimental area of
the Federal Institute Goiano, Campus Rio Verde (17°48'S, 50°54'W;
744 m asl.). Sowing was held on July 05, 2015.

The climate is classified according to Képpen and Geiger (1928)
as Aw, tropical, with an average annual temperature of 21°C,
annual precipitation between 1,500 to 1,800 mm and a relative
humidity of 30 to 85%.

Soil of experimental area is classified as dystrophic Red Latosol
(Oxisol), with a medium texture in the cerrado phase (Santos et al.
2013). Soil preparation was performed with a harrow and leveler. In
Table 1, the main physical and chemical characteristics of the soil
are presented.

Experimental design used was under randomized blocks, with
three replications in a split plot scheme of 5 x 4 with five water
replacements (WR) (25, 50, 75, 100 and 125%) of evapo-
transpiration and four times of evaluation (ET) of culture (40-60, 61-
80, 81-100 and 1-20 days after plant emergence, DAE). Each plot
consisted of 5 lines and 4.0 m long and 0.90 m spacing between
lines. The area of the plot consisted of 3 central lines of 2.0 m/each.

A drip irrigation system, managed by the method of simplified
water balance based on Tank "Class A" (AGR) (Allen et al., 1998),
in which, first determined the irrigation efficiency (le) system
according to Keller and Karmeli (1975), measured daily evaporation
(mm) using a micrometer and evapotranspiration of reference (ETo)
was determined by multiplying the evaporation and the tank
coefficient (Kp) equal to 0.65. Crop evapotranspiration (ETc) was
determined by multiplying the ET, the crop coefficient (Kc)
determined by Oliveira et al. (2013). The 100% water depth was
determined based on ETc and Ei, and then extrapolated to other
blades used to compose the treatments.

In each evaluation time (ET), measurements of plant height (PH)
were taken, considering the distance from ground level to the plant
apex. Afterwards, two plants were collected at ground level in each
replicate, and were separated in plant organs: leaves,
stems+branches and reproduction organ.The leaf area was
determined using the equation proposed by Grimes and Carter
(1969): y = 0.4322 x*°°%2 where y is 1-leaf, x is the length of the
main rib cotton leaf; and then the leaf area per plant was
determined by the sum of leaf areas.

Plant material was placed in forced-air circulation greenhouse, at
65°C for 72 h and subsequently weighed to determine dry
phytomass stem (DPS), dry phytomass leaf (DPL), dry phytomass
of the reproductive organ (DPRO) anddry phytomass of aerial part
(DPAP).

AGR (absolute growth rate) per day, was calculated by the
equation AGR = (Pn - Pn-1)/(Tn - Tn-1), in which Pn is the dry
phytomass accumulated until evaluation to n; Pn-1 is the
accumulated dry phytomass to evaluation n-1; Tn is the number of
days after treatment when evaluation n; and Tn-1 is the number of
days after treatment at the time of evalution n-1.

The RGR (relative growth rate) growth in a certain time interval in
relation to the phytomass accumulated at the beginning of this
interval, the RGR was calculated by the equation RGR = (In P2 - P1
In)/ T1 T2-g™ g per day.

The NAR (net assimilation rate) is dry phytomass produced per
unit leaf area and time and was calculated using the following
equation: NAR = [(Pn - Pn-1) / (Tn - Tn-1)] [(1nAn - 1nAn-1) / (An -
An-1)], where An is the leaf area; and An-1 is area leaf of the plant
during evaluation n-1.

LAR (leaf area ratio) was calculated by the equation An =
LAR/Pn, and the relationship between leaf area responsible for the
photosynthesis and total dry phytomass produced.

Results were submitted to analysis of variance and significant
variances were compared at 5% probability level. Choice of the
models was based on the significance of the regression coefficients
using the t-test at 5% probability and the coefficient of
determination.

RESULTS AND DISCUSSION

There was a significant effect for the interaction of
evaluation time (ET) and water replacement (WR) for the
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Table 2. Summary of analysis of variance for the variables plant height (PH), leaf area (LA), dry phytomass stem (DPS), dry
phytomass of leaves (DPL), dry phytomass of reproductive organ (DPRO), dry phytomass of aerial part (DPAP), absolute growth
rate (AGR), relative growth rate (RGR), net assimilation rate (NAR) and leaf area ratio (LAR) under different water replacement
(WR) at different evaluation times (ET) during the crop cycle, in Campus Rio Verde - GO, 2015.

Source of 4 Means square’

variation PH LA DPS DPL DPRO DPAP

WR 4 795.52%* 3716703.00* 92.79* 137.66**  31.07** 839.22%*

Block 2 3.37™ 52898.61™ 2.82" 14.48"™ 1.63™ 3.97™

Residue (a) 8 4.08 168623.50 14.28 9.76 0.77 4.08

ET 3 6380.42*  21948699.94* 2127.90*  516.53*  8926.94** 27019.27**

WR x ET 12 58.71** 351302.33** 3.55™ 4.13"™ 8.48** 57.89**

Residue (b) 30 4.82 115777.71 9.02 11.09 0.80 4.07

CV (a) (%) 2.58 10.28 10.31 10.15 3.07 2.09

CV (b) (%) 2.80 8.52 8.20 10.82 3.12 2.09
AGR RGR NAR LAR

WR 4 0.05** 3.00x10°" 1.46x10-8 ** 98.77*

Block 2 0.01™ 7.90x107" " 2.56x10°" 429"

Residue (a) 8 0.003 1.67x10°" 2.11x10°° 25.46

ET 3 3.20% 1.86x10-3 ** 2.40x10-7 ** 1088.13**

WR x ET 12 0.44** 1.28 x10-4 ** 9.37x10°" 60.25 "

Residue (b) 30 0.016 3.00x10°® 1.84x10°° 13.60

CV (a) (%) 3.71 1.80 11.40 11.40

CV (b) (%) 8.60 7.68 10.65 8.33

1 "_ F - value non-significant at p > 0.05. ** - F - value significant at 1% of probability.

following variables: plant height (PH), leaf area (LF),dry
phytomass of the reproductive parts (DPRP), dry
phytomass of aerial part (DPAP), absolute growth rate
(AGR) and relative growth rate (RGR). The variables, dry
stem phytomass (DPS), dry leaf phytomass (DPL), net
assimilation rate (NAR) and leaf area ratio (LAR) showed
significant variability for isolated factors. The coefficients
of variation were low (2.09 - 10.82%), which shows
relatively good experimental precision (Table 2).

Several researchers have noted the importance of
study related to irrigation levels on the growth,
development and production of different cultures,
because of this, allow the identification of the level that
provides the best conditions to culture, as an example of
Smith et al. (2015) found that variability in biomass and
production of sunflower under the influence of irrigation
levels, as Morais, et al. (2016) on growth and
development of the bean crop and Zonta et al. (2015) in
the production of cotton.

Changes in the performance of plants related to
irrigation is explained to the stress caused by excess
water in the soil, causing the death of root tissues due to
lactic fermentation and acidosis in the cells, the moment
that the soil is in lack of oxygen , which leads to lack of
energy, and causes the plant to reduce the potential for
absorption of nutrients.On the other hand, the soil water
deficiency can lead to plant water stress and thus cause

a reduction in cell growth, leaf area, ratio of the biomass
of roots and shoots, lower nutrient absorption, stomatal
closure and reduction in photosynthesis (Taiz and Zeiger,
2010).

Figure 1 shows the positive linear adjustment of
variables DPS and DPL due of WR and ET. DPS and
DPL increased with WR (Figure 1A), with estimated
increase of 0.22 and 0.35%, respectively, with a unit
increase in WR. Still, for DPS and DPL (Figure 1B), there
was an increase in the estimated daily from 15.69 and
1.92%, respectively, in a 20-days period.Thus, it is clear
that even for ET of 101-120 days, the cotton plants is still
able to assimilate production by stems and leaves.

Increased water stress resulted in the formation of
small leaves with reduced leaf area, and consequently
reduction in light absorption by plant and lower
production of assimilates (Souza, 2014).

Figure 2 shows the WR split within each level of ET. It
was found that for 60, 80, 100 and 120 DAE a larger PH
was estimated (62.4; 94.6; 106.1 and 108.6 cm for 109.2;
119.7; 125 and 125% WR, respectively) (Figure 2A). This
fact shows that plants did not enter the senescence
before 120 DAE. In unfolding the ET in each level WR,
noted that 25% RH the 7.31% PH increased daily 50%
WR greater PH was estimated at 120 DAE, while WR 75,
100 and 125 found to be larger PH (99.48; 107.30 and
104.63 cm) at 120, 114 and 114 days, respectively
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Figure 1. Regression analysis for following variables: dry phytomass leaf and stem (A) depending water replacement and dry
phytomass leaf and stem (B) due cotton in evaluation time, Campus Rio Verde, March 2016. ** - F - value significant at 1% of
probability.
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Figure 2. Plant height (A), leaf area (C), dry phytomass of reproductive part (E) dry phytomass of aerial part (G) each evaluation period
due to the water replacement levels and plant height (B), leaf area (D), dry phytomass of the reproductive part (F) dry phytomass of

aerial part (H) due cotton in evaluation times, Rio Verde, March 2016.

(Figure 2B). These results indicate that when cotton
does not suffer water stress has its continued growth to
120 DAE.

Its noted that LA to 60, 100 and 120 days showed the
highest increases (3326.03, 5508.98, and 5491.78 cm?),
the WR 84.85; 92.04; and 80.78%, respectively, on day
80 there was an increase of 0.38% per unit WR (Figure
2C). In the WR 25, 50, 75 and 100% LA presented
respectively increments of 3.13; 2.83; 2.33; and 1.99% at
an interval 20 days, as 125% WR and AF showed the
largest increase (4992.03 sz) at approximately 106 days
of development (Figure 2D).

The behavior of plant height and leaf area under the
influence of water replacement levels, reveal that for a
higher performance variables, it is important to consider

in the design of the irrigation management, besides the
crop coefficient (Kc) Results research as demonstrated
by study.

Its noted that DPRP was difference betwem WR only
after 80 and 100 days and the regression equation as
presented increments of 1.16 and 0.08% per unit
increase in WR, respectively (Figure 2E). According to
the equations EA scrolling regressions within each WR
level, the largest accumulations of DPRP (58.8; 59.4;
60.1; 60.6; and 59.6 g) were scanned at 120 days in
respective WR 25, 50, 75,100 and 125% (Figure 2F).

There is difference between WR in all the DPAP and
ET and at 60, 80, 100 and 120 days showed increases
DPAP 0.47; 0.61; 0.14 and 0.10% per unit increase of
WR, respectively (Figure 2G). At 100% WR, there was no
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Figure 3. Absolute growth rate - AGR (A) and relative growth rate - RGR (C) for each evaluation time interval depending
on the water replacement levels and absolute growth rate (B) and relative growth rate (D) due cotton in evaluation times,
Rio Verde, March 2016. ** - F - value significant at 1% of probability.

significant difference between ET, but WR 25, 50, 75 and
125%, the DPAP accumulation in a 20 day interval was
increased by 50.71; 51.81; 82.30 and 78.05%,
respectively (Figure 2H).

The result of the largest responses for plants growth in
height and leaf area between 100 and 120 days, the
culture also showed greater assimilates productions
shoot and thus the reproductive part linked to a water
replacement of 100% of evapotranspiration.

Studying the behavior of cotton cultivar Delta Opal
under water stress in controlled environment, Baldo et al.

(2009) found that smaller plant height, stem diameter,
number of leaves and also the commitment of the
formation of reproductive structures were water deficit of
the consequences of 25% of the total pores, and even
the best results for production of dry phytomass of aerial
part and root were provided by replacement of 100%.
Figure 3 showed the settings variables evaluated for
WR unfolding in each level of ET. In time slots 40 to 60
and 61 to 80 days, it was found according to the
regression equation, the highest absolute growth rates
with 1.51 and 1.87 g per day, the WR 125 and 124%,
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ratio - LAR (D) due cotton in evaluation times, Rio Verde, March 2016. ** - F - value significant at 1% of probability.

respectively, since the period of 81 to 100 days greater
AGR (2.72 g daily) was afforded by 25% WR (Figure 3A).
The highest AGR (1.54, 2.26, 1.59, 1.94 and 2.12 g per
day) in the WR 25, 50, 75, 100 and 125% were observed
at 93.3, 97.4, 80.3, 85.0, 92.6 days, respectively (Figure
3B).

In the intervals 40 to 60 and 61 to 80 days, the WR 100
to 125%, showed highest RGR (0.045 and 0.025 g g™ per
day), respectively, and length of 81 to 100 days found
reduction RGR due levels of RH. 25% WR estimated a
RGR 0.033 g g'1 per day, exceeding 125% WR growth of
61.07% (Figure 3C). In the WR 25 and 50%, there was
the highest estimated RGR (0.030 to 0.028 g per day)
after 83 and 80 days, respectively, and the WR 75, 100
and 125% decreased the RGR from 60 days; however,
the RGR at 75% WR was higher than in the 100 and
125% in the range 61-80 days of development of cotton
(Figure 3D).

In cotton, the reduction absolute growth rates and on
the period between 81 and 100 days is expected, since
any increase in phytomass, plant height and leaf area at
the end of the cycle culture is smallest; , this increase is
directly relating to value obtained in the previous period,

as the growth rate of a plant varies throughout the plant
cycle, it depends on two other growth factors: the useful
leaf area for photosynthesis and leaf area ratio (LAR),
and net assimilation rate (NAR), which is gross
photosynthetic rate, discounting breathing and how this
period there were decreases in the LAR and NAR (Figure
4A and B) the AGR and RGR were influenced directly.

The reduction of absolute and relative growth rates in
the period of 81 to 100 DAE of cotton is explained by the
fact that this period coincides with the flowering period
and training of apples, which are effective plant drains
(Freitas et al., 2006). At this stage, it is important to
irrigate for HR 75% of evapotranspiration to soften these
reductions.

The larger NAR was estimated for 100% WR (Figure
4A), showing that WR is ideal for keeping a good
phytomass production and consequently the plant
achieve higher net photosynthesis. A linear reduction of
12.5% NAR was observed for each increase of 20 DAE
(Figure 4B). This reduction in NAR due to the increase
plant leaf area influenced in greater or lesser net
photosynthesis produced by plants.

The behavior NAR (Figure 4B) was similar to RGR



(Figure 3D). Thus, a more efficient dry phytomass by
leaves occurred. To alleviate the problems by reducing
the NAR, it is recommended to adopt a 100% WR,
regardless of the ET.

The higher LAR (46.55 cm? g'l) was verified in the
74.7% WR (Figure 4C) and in relation to ET, observed a
reduction of 6.38 cm® g in the LAR 20 for each intervals
days of development of culture (Figure 4D). The LAR
high in the initial stage indicates there was investment in
the development of the leaves to the light energy capture
and then, due to the aging of the leaves was the direction
of assimilates to other plant parts.

The reduction LAR in the course of crop development
is explained according Benincasa (2003), by the fact
upper leaf to cause self-shadowing of lower leaves, and
to the extent that the crop will develop during their cycle,
this problem it is increased. Urchei et al. (2000) found
that reduction of LAR in the course of crop development
is due to the emergence of reproductive structures (and
apple bud) are designed as highly competitive drains.

The study of water replacement levels showed great
importance with regard to the growth and development of
cotton, by the fact that it was identified levels that can be
used in a specific developmental stage, in order to ease
the reduction of the problems of growth rate and provide
better agronomic performance and productivity to cotton.

Conclusions

Water replacement influenced the cotton growth. Low
growth rate was conditioned by the reduction of water
supply, until the end of cotton cycle. Water supply of
100% provided higher phytomass production of
reproductive organ.
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This study aims to compare the diversity and relative abundance of insect families collected in organic
and conventional tomato production systems located in Alagoas, Northeast Brazil (09°81'76"S and
36°59'42"W). In this region, the visible spectrum is quite broad with sunlight throughout the year.
Between rows of tomato plants, we set up a system of colored traps colored blue, yellow, white, green,
red, and transparent. The experiment was between September 2015 and January 2017. The experimental
design was completely randomized with six experiments and with five replicates. The data collected
were analyzed using the Scott-Knott test at 5% probability. Analysis of the various diversity indices was
made using DivEs software. A total of 56,955 insects from 25 families were collected from the organic
system, and 10,660 from 22 families in the conventional system. We observed that, in the conventional
system, insect diversity and relative abundance (AR) were significantly greater than those of the
organic system. The averages of the indices were as follows: For the organic system: Shannon-Wiener,
2.97; Simpson, 0.79; Simpson Dominance, 0.19; Margalef, 5.13; and Pielou, 2.27, respectively. For the
conventional system, the indices were 3.49; 0.86; 0.12; 6.93; and 2.56; respectively. Several families of
insect orders collected in the colored traps showed significant mean values for families of pollinator
insects, predators, parasitoids, and pests. This may aid in decision making for the protection of plants
and other agroecosystems. The collected insects did not differ significantly in terms of diversity of
families. Colored traps may be exploited for pest control and for conservation of insect.

Key words: Vegetables, agricultural management, agroecology, plant protection.

INTRODUCTION

Tomato is very important in Brazil, being the second most tomato production. These insects’ damages generate
important vegetable crop. However, disease and pest morphological and physiological derangements in the
infestation in crop have caused significant damage to tomato, causing them to ripen irregularly (Santos et al.,
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2008b).

Environmental variation contributes diversity of species
in natural ecosystems and in agroecosystems, where
farm managers follow procedures aimed at causing the
least impact to the environment. This applies regardless
of whether the system is conventional or organic (Alencar
et al.,, 2013). When the agroecosystem is managed with
chemicals and the control of insects is done by
insecticides, the diversity is damaged. Unlike the organic
system, the diversity is represented by several families of
insects (Letourneau and Goldstein, 2001).

Plants protect themselves through the visible portion of
the electromagnetic spectrum because colors motivate
insects to search for food, locate mating sites, lay eggs,
and pollinate (Skorupski and Chittka, 2010; Wanga et al.,
2013). Paula et al. (2015) point out that colored traps
may provide a potential alternative for insect control and
integrated pest management. It may be possible to use
such a system to monitor fluctuations in insect species
and richness.

Vrdoljak and Samways (2012) argue that yellow color,
compared with other colors, leads to a higher number of
insects captured, with yellow traps catching insects from
various groups in several growing areas and natural
systems. Campos (2008) showed that various trap colors
attract insects in agricultural settings and forests.

Predator insects are important in the agricultural
context because they feed on other insects and control
their populations. Predators are abundant in agricultural
environments that have adequate management for pest
control (Harterreiten- Souza et al., 2011).

Therefore, it is necessary to know which groups of
insects associated with the tomato crop are attracted by
what colors, in order to define a strategy for the use of
colored adhesive traps for the attraction and capture of
insect pests, or only attraction of beneficial insects
without catching them and eliminating them from the
environment.

We hypothesized that colored traps would reveal
similar indices of insect diversity in conventional and
organic production systems. The objective was to
compare the diversity and richness indices of insect
families collected in conventional and organic production
systems for the tomato (Solanum lycopersicum L.), for
the management of insects pests in crops.

MATERIALS AND METHODS
Research area

The study was carried out in two commercial tomato growing farms,
both in Alagoas, (09°81'76"S and 36°59'42”W) in Northeast Brazil,
with an altitude of 264 m. One farm was conventional and another
was organic. The two agricultural areas cultivated several
vegetables, in addition to tomato. The experiment was created 45
days after emergence (DAE) of the seedlings between September
2015 and January 2017. The conventional and organic systems
had the same distribution of tomatoes, with single rows spaced 1.5
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Figure 1. Colored traps made with PET bottles
placed on tomato crops.
Source: The author (2015).

and 25 m long. Each plot occupied an area of 1.5 ha, with
approximately 6,000 ft of tomato. Organic farming has natural
product management and conventional management uses synthetic
products. The planted varieties were TY-2006 and Santa Clara. In
both areas, the soil was predominantly eutrophic yellow Red
Latosol (Embrapa, 2009). The climate is Kbppen type As', that is,
tropical and warm, with minimum average temperatures of 23°C
and maximum average temperature 32°C. Rainfall in autumn/winter
is between 500 mm and 1,000 mm (Alagoas, 2017).

Trap set-up and monitoring

The traps were made from plastic bottles, type Polyethylene
Terephthalate (PET) with capacity of 2.5 L. Eighteen bottles were
painted blue, yellow, white, green, red, and unpainted (transparent),
three bottles for each color. To monitor insects in each experimental
area, the colored PET bottles were installed randomly, mounted
with the mouth fitted onto a 1.2 m bamboo stalk, close to the height
of tomato plants. We applied entomological glue over a 75.00 cm?
area of the bottle body (Fig. 1A, B, C, D, and F.). The traps were
initially placed in the field as pre-test and positive results were
obtained regarding the use and adaptation for experimental design
(Figure 1).

Experimental design and statistical analysis

The experimental design was a randomized block with six
treatments: PETO - colorless, PET1 - yellow, PET2 - green, PET3 -
red, PET4 - white, PET5 — blue. The experiment was carried out
over four crop cycles. The traps were randomly arranged. For
comparison purposes, insect data collected and identified at the
family level were analyzed using analysis of variance - ANOVA and
the Scott-Knott test at 5% probability using Assistat Software
Version 7.7 (Silva and Azevedo, 2016).

Methodological procedures

The insects caught in the traps were counted and removed in the
field with the aid of a clamp and organic solvent, every five days.
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Table 1. Average number of insects per families in the conventional system collected by the colored traps by the Skott-
Nott test at 5% probability (collection period February 2015 to January / 2017) - Arapiraca-AL.

Average number of insects per family

Families
PET yellow PET blue PET white PET green PET red PET colorless

Agromyzidae 85.00° 300.00" 308.00" 68.00° 62.66° 64.00°
Aphididae 30.66° 1.00° 20.00° 1.00° 45.33" 1.00°
Apidae 46.66" 10.66° 22.66° 1.00° 22.66° 1.00°
Asilidae 4.00° 21.33" 10.66° 2.66° 5.33°¢ 2.66°
Blattidae 1.33¢ 1.00° 1.00° 2.66° 4.00" 1.00°
Calliphoridae 10.66° 36.00° 60.00" 1.33° 1.33° 1.33°
Cicadelidae 16.00* 2.66° 1.33% 1.00° 1.00° 5.33°
Carabidae 4.00 1.33°% 1.33°% 1.008 1.33°% 1.338
Coccinellidae 1.008 2.66" 1.008 4.00" 1.33°% 1.008
Curculionidae 1.33% 1.66" 1.33°8 1.008 1.33* 1.33%
Elateridae 32.008 41.33" 18.66° 8.00° 14.00° 12.00°
Formicidae 42.66° 36.00° 34.66° 42.66° 58.66" 68.00"
Muscidae 32.00° 100.0" 66.66° 4.00° 10.66° 16.00°
Nymphalidae 1.00° 6.66" 1.00° 1.00° 2.66° 4.00°
Passalidae 5.33" 1.00% 1.008 10.66" 2.66" 5.33"
Pompilidae 1.00° 9.33" 8.00" 12.00" 1.00° 1.00°
Reduviidae 1.008 1.00% 4.00° 2.66° 14.66" 6.66°
Scarabaeidae 20.00° 37.33% 6.66° 54.66" 50.66" 3.00°
Scoliidae 2.66° 8.00" 4.00° 5.33° 1.00° 1.00°
Tabanidae 45.33° 208.00% 289.33" 13.33° 10.66° 6.66°
Thripidae 10.66° 93.33° 129.33" 14.66° 56.00° 30.66"°
Vespidae 25.33" 12.00° 20.00" 8.00° 1.33° 17.33"

Mean values not followed by the same letter differ significantly in the row by the Scott-Knott test at 5% probability.

Source: Research data.

Insects were placed in jars containing 70% alcohol and that were
deposited in the Laboratory of Ecology and Biodiversity of the State
University of Alagoas/Campus |, for screening and identification.
Insect identification was carried out by stereoscopic binocular
microscopy (Opton®) at 80x. Identifications were made with the aid
of arthropod pictorial identification keys and with images from
entomological taxonomies (Seltmann, 2004; Carrano-Moreira,
2015; Rafael et al., 2012).

Analysis of insect family diversity indices

For the analysis of diversity, the following indices were considered:
diversity  (Shannon-Wiener, Simpson), richness (Margalef),
dominance (Simpson), and evenness (Pielou). These parameters
were analyzed using DivEs software (Rodrigues, 2016). Relative
abundance (AR) for insect families was described by the formula
AR (%) = n/ N x 100, where AR = abundance percentage, n =
number of specimens of the order and family, and N = total number
of specimens captured in each system (Soares et al., 2016).

RESULTS AND DISCUSSION

During the period of the research (2015 to 2017), we
collected 56,955 insects in the organic system and
10,660 in the conventional system. We considered for

analysis only insects that are = 1 were captured. The
traps attracted 22 families to the conventional system and
25 in the organic system.

Amaral et al. (2010) describe densely wooded areas
with well-adapted insect diversity, some attracted by
colors more than the others. The control of insects in
agricultural systems with agroecological management,
diversity is sustainable (Letourneau and Bothwell, 2008).

Table 1 displays comparison data for the conventional
system using the Scott-Knott test at 5% probability, for 22
families collected in the colored traps. The order Diptera
was most prominent, with the Agromizidae and
Tabanidae families being most collected in the blue and
white traps. Santos et al. (2008a) reported that yellow
most attracted the Agromizidae family. This order is
second highest in terms of number of species, accounting
for a very varied niche, including hematophagous insects,
phytophagous insects, miners, predators, parasitoids,
and pollinators (Azevedo et al.,, 2015). The Tabanidae
family are dipterans of veterinary and medical interest.
Those that are ectoparasites of horses, prefer dark brown
and reddish brown animals (Bassi et al., 2000; Mikuska
et al., 2016).

Santos et al. (2008b) points out that insects can be
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Table 2. Average number of insects per families in the organic system collected by the colored traps by the Skott-Nott test

at 5% probability (collection period February 2015 to January / 2017) - Arapiraca-AL.

Families

Average number of insects per family

PET yellow PET blue PET white PET green PET red PET colorless
Agromyzidae 128.00° 173.33" 93.33° 76.00° 232.00" 40.00°
Apidae 20.00" 13.33" 8.00% 6.66° 4.00% 1.33°
Asilidae 85.33°% 49.33° 140.00* 8.00° 12.00¢ 46.66°
Blattidae 1.00°¢ 1.00°¢ 1.00°¢ 1.33°% 2.66" 1.33°%
Calliphoridae 73.33% 166.66" 80.00" 20.00° 100.00" 46.66°
Carabidae 66.66° 82.66° 200.008 93.33% 966.66" 213.33"8
Cicadelidae 786.0% 498.0" 151.08 126.0° 66.6 © 248.0%
Coccinelidae 20.00" 1.008 2.66° 0.00° 24.00" 6.66°
Chrysomelidae 1573.33" 800.00° 300.00° 253.33° 133.33° 500.00°
Curculionidae 1.33° 28.00" 1.33°% 5.33% 1.33°% 1.008
Formicidae 6.66° 48.00" 38.66" 10.66° 13.33" 4.00°
Miridae 20.00° 1.00° 4.00° 6.66° 40.00% 1.00°
Muscidae 27.00° 267.66° 120.33° 187.00° 469.33" 173.33°
Nitidulidae 46.66° 200.33% 1.00° 1.00° 286.6" 1.00°
Notodontidae 28.66° 16.00° 6.66° 9.33°€ 66.66" 13.33°€
Pompilidae 5.33¢ 13.33° 1.00° 1.00° 80.00" 1.00°
Reduviidae 4.00° 24.33" 1.008 1.008 1.33% 1.008
Scarabaeidae 767.00° 1634.33° 267.00° 273.33° 3003.33" 142.66°
Sphecidae 12.00" 1.00° 1.00° 1.00® 14.66" 5.33°
Sthaphylinidae 52.00° 97.33° 120.00° 21.33° 6.66° 346.66"
Stratiomyidae 53.33° 560.00" 270.66° 126.66° 453.33" 212.66°
Syrphidae 1.33° 1.00° 1.33% 1.00® 6.66" 1.00®
Tabanidae 29.33% 40.00° 1.00° 1.00° 262.66" 6.66°
Thripidae 24.00° 500.00" 82.66° 44.00° 34.66° 40.00°
Vespidae 4.00° 2.66° 16.00" 1.00° 1.00° 1.00°
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Mean values not followed by the same letter differ significantly in the row by the Scott-Knott test at 5% probability.

Source: Research data.

attracted by different colors. For example, Lyriomiza
trifolii (Burgess, 1880) (Diptera: Agromyzidae) is attracted
by vyellow, and Thrips tabaci (Lindeman, 1889)
(Thysanoptera: Thripidae) by blue. However, Vrdoljak
and Samways (2012) highlight that yellow and black may
be repellent to some families and attractive to others.

The Apidae family, who is important for tomato
pollination in the conventional system, comprised 46.66%
of insects collected in the yellow traps. Barbosa et al.
(2016) reported the presence of Apis mellifera (Linnaeus,
1758) and Trigona spinipes (Fabricius, 1793), of the
Apidae family. Freitas et al. (2006) commented that bees
of the genus Exomalopsis, Epicharis and Centris were
good tomato pollinators. Nanotrigona pirilampoides
(Cresson, 1878) (Hymenoptera: Apidae), use a
mechanism involving wing vibration that results in cross-
pollination of heavier fruits with more seeds (Cauich et
al., 2004; Castro et al., 2006) (Table 1).

Table 2 displays 25 insect families in the organic
system by the Scott-Nott average comparison test, at 5%
probability. The number of insects was higher in the

organic system than in the conventional system. As for
the diversity of insect families, the organic system was
slightly larger than the conventional system. Santos et al.
(2008a) suggested that yellow attracted adults of
Diabrotica speciosa (Germar, 1824), (Coleoptera:
Chrysomelidae), Bemisia tabaci (Gennadius, 1889)
(Hemiptera: Aleyrodidae), Liriomyza trifolii (Burgess,
1880) (Diptera: Agromyzidae), Myzus persicae (Sulzer,
1776), and Macrosiphum euphobiae (Thomas, 1878)
(Hemiptera: Aphididae).

The diversity of families and the number of insects can
serve as bioindicators of diversified management,
indicating polyculture areas where shrub and tree plants
such as the neem (Azadirachta indica A. Juss.;
Meliaceae) function as wind barriers. In addition, the
growing area includes cashew (Anacardium occidentale
L.; Anacardiaceae), guava (Psidium guajava L.
Myrtaceae), mango (Mangifera indica L.; Anacardiaceae),
coconut (Cocos nucifera L.; Arecaceae), jocote
(Spondias purpurea L.; Anacardiaceae), mulberry (Morus
nigra L.; Moraceae), acerola (Malpighia emarginata DC;
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Table 3. Diversity indexes of insect families collected under the influence of color of the colored traps.

Index of Index of diversity of insect families in PET traps
diversity Crops Yellow Blue White Green Red Colorless
Shannon- Organic 2.38 3.08 3.51 3.14 2.63 3.10
Wiener Convencional 3.93 3.17 3.08 3.43 3.64 3.71
. Organic 0.66 0.82 0.89 0.85 0.71 0.84
Simpson .
Conventional 0.91 0.82 0.82 0.86 0.90 0.88
Organic 5.55 5.05 4.54 478 6.34 453
Margalef .
Conventional 7.95 6.64 5.41 7.21 6.37 8.03
Simpson's Organic 0.33 0.17 0.10 0.14 0.28 0.15
Dominance Conventional 0.08 0.17 0.17 0.13 0.09 0.11
Equity of Pielou Organic 1.75 2.29 2.80 2.50 1.82 2.47
quity Conventional 2.77 2.29 2.36 2.56 2.75 2.65

Source: Research data.

Malpighiaceae), orange (Citrus sinensis L.; Rutaceae),
lime (Citrus limon L.; Rutaceae), and various weeds.
Cardozo (2007) reports that these trees, when
maintained in the agroecosystem, serve to protect plants,
both from pesticide drift from neighboring areas, and from
the spores and/or invasive propagules.

The presence of pollinators, predators, and parasitoids
in the area guarantees stability of the families of insects
collected in the various colored traps. Campos (2008), in
an open field study, listed 22 species of tomato
pollinators distributed among the families Apidae,
Halictidae and Andrenidae. Insects can be attracted to
colors, by means of their long photoreceptor fibers
(Skorupski and Chittka, 2010; Wanga et al., 2013).

Albuquerque et al. (2006) highlight melitophilia as a
common pollination among the various solanaceous
species, it is particularly attracted by floral structure, as is
the case of the tomato in this study (Del Sarto, 2005). To
pollinate the tomato, the bee’s anthers need to vibrate in
order to the release pollen. This fact reduces the number
of effective pollinators, since such species as Trigona
spinipes (Fabricius, 1793) (Hymenoptera: Apidae) cannot
vibrate (Vianna et al., 2007). Santos and Nascimento
(2011), in a study of diversity indices in organic crops,
reported that the most abundant family was Apidae,
representing 48.76% of the total sample (Table 2).

Table 3 displays various ecological indices (Shannon-
Wiener and Simpson for diversity, Simpson for
dominance, Margalef for richness, and Pielou for
evenness) with respect to the colors of the PET traps.
The data show differences in terms of diversity and
richness of the insect families, highlighting the indices for
the conventional system. The collected insects were
attracted by the colors in each visited habitat, and

foraging occurred on the basis of this attraction. We
found that yellow, blue, and white attracted more insects
than did green, red, and colorless.

The diversity indices of the insects collected in the
colored traps revealed a tendency of attraction for the
colors. This study highlighted the a (alpha) diversity that
is constituted in the number of species (richness) in
homogeneous fragments of a particular habitat type
(Whittaker et al., 2001; Tuomisto, 2010; Chi et al., 2014).
For both systems, the Jaccard similarity index was 0.88.
The Jaccard index varies between 0 for different
communities regarding the composition of species and 1
in similar communities regarding species composition
(Zanzini, 2005).

In both systems, the Margalef indices were greater than
5.0, suggesting considerable families richness. Higher
values of the Margalef index suggest proportional value
for rare species. The Shannon-Wiener and Simpson
indices were significantly different in each system. The
Pielou index revealed a balance between the number of
families in the two systems. According to Pielou (1966,
1975), values of the index vary between 0 for minimum
uniformity, and 1 for maximum uniformity. In this study,
the values were higher than 1.5.

Virginio et al. (2016) argue that the greater the
knowledge regarding the fauna of an area, the more
effective are the strategies for its conservation. This is
especially true for northeastern ecosystems, where there
is a shortage of studies.

Wilsey et al. (2005) suggest that species richness is
dependent on sample size. In the conventional system,
there was greater dominance index compared with the
organic system. However, the samples collected during
the study showed a balance in terms of evenness index.
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Table 4. Relative abundance - AR (%) of orders and families of insects of agricultural importance for protection of plants in conventional and

organic tomato crops.

Presence in crop AR

. Agricultural
%
Order Family (%) importance References
Conv. Org.
. . Santos (2009), Triplehorn and Johnson (2005) and Silva
Chrysomelidae 0.22 1.17 Pollinators and Carvalho (2015)
Carabidae 0.41 8.53 Predators Parra et al. (2002) and Carcamo et al. (2009)
Coccinellidae 0.22 0.28 Predators pollinators  Parra et al. (2002)
Coleoptera Elateridae 3.54 0.03 Predators pollinators  Susek and Ivancic (2006)
Nitidulidae 2.81 0.00 Predators pollinators  Fernandes et al. (2012) and Lima (2002)
Scarabaidae 5.66 3.05 Pollinators Triplehorn and Johnson (2005)
Curculionidae 0.89 0.18 Predators Bustillo et al. (2002)
Staphylinidae 0.20 3.39 Predators Cunha et al. (2014)
Agromyzidae 24.92 3.91 Predators pollinators  Cunha et al. (2014)
Asilidae 1.79 1.39 Predators Parra et al. (2002)
Calliphoridae 3.11 2.56 Pollinators Gullan and Cranston (2008) and Azevedo et al. (2015)
Muscidae 6.45 6.55 Pollinators Triplehorn and Johnson (2005, 2011)
Diptera Stratiomyidae 0.17 8.82 Pollinators Malerbo-Souza and Halak (2009)
Syrphidae 0.23 0.83 Pollinators predators (l\gglgzr;)o-Souza and Halak (2009) and Parra et al.
Tabanidae 1.78 1613  rarasitesor Cunha et al. (2014)
predators
Cicadelidae 18.74 0.71 Phytophagous Cunha et al. (2014) and Silva and Carvalho (2015)
Hemiptera Miridae 0.26 0.37 Predators Cunha et al. (2014)
Reduviidae 0.78 0.15 Predators Parra et al. (2002)
. Nymphalidae 0.33 0.00 Pollinators Noubissié et al. (2012)
Lepidoptera . .
Notodontidae 0.00 0.73 Pollinators Gullan and Cranston (2008).
Apidae 3.29 0.28 Pollinators éaorz)tg)s (2009), Silva and Carvalho (2015) and Ramalho
. Predators Parra et al. (2002), Bustillo et al. (2002) and Silva and
Formicidae 7.95 0.63 Decomposers Carvalho (2015)
Hymenoptera Pompilidae 0.82 0.07 Predators Cunha et al. (2014)
- Predators or
Scoliidae 0.56 0.00 Parasites Cunha et al. (2014)
Vespidae 2.36 0.11 Predators Pollinators  Parra et al. (2002).

Source: Research data.

We observed that the more homogeneous the number of
individuals per species, the greater the evenness and
uniformity.

Following this reasoning, a given diversity index may
indicate that community A is more diverse than B, while
another index indicates the opposite (Mendes et al,,
2008). Diversity is defined as a set of multivariate
statistical procedures that inform various characteristics
of the structure of biological communities (Ricotta, 2005).

According to Medeiros et al. (2011), it is essential to
understand the interactions between insects and plants in
order to understand biodiversity, since the resources

provided by the plants are fundamental for the adaptive
spread of the animals (Gaertner and Borba, 2014).
Similarly, Ribeiro (2005) and Ferraz et al. (2009)
emphasize that higher values of these indices suggest
greater dominance and the lower diversity (Table 3).
Table 4 displays relative abundance - AR (%) of insect
families and orders in both systems. The highest relative
abundance of individuals collected in the traps were from
the order diptera, 40.19% for the organic system and
37.45% for the conventional system. The Agromizydae
family (AR = 24.92% organic) featured prominently,
obtaining greater significance for yellow, blue, white, and
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Table 5. Mean orders of insects in the two cropping systems collected in the colored PET traps by the Skott-Nott test

at 5% probability.

Order Crops Yellow Blue White Green Red Colorless
Blattodea Orgnic 1.00° 1.00¢ 1.00¢ 1.33° 2.67" 1.33°
Conventional 1.33°% 1.00° 1.00° 2.66° 4.00% 1.00°

Coleoptera  OT9ANIC 963.00° 2085.3° 689.66° 430.66° 4346.00" 762.66°
P Conventional ~ 68.00° 96.00" 48.00° 85.33" 72.66° 64.00°
Dintera Organic 396.33° 1265.00° 704.33¢ 41.66° 1536.00" 525.33°
P Conventional  186.66° 668.00% 780.66" 96.66° 90.66° 97.33°
Hemiotera OO0 159.33" 824.00° 304.00° 260.00° 174.66° 500.00°
P Conventional 57.33% 12.00° 29.33° 4.00° 98.66" 22.66°
Hvmenoptera T92NC 42.66° 77.33% 62.66"° 17.33° 33.33° 10.66°
ymenoptera -, ventional  129.33* 78.66° 89.33° 68.00° 88.00° 89.33°
Lebidoptera  Or9anic 30.66° 16.00¢ 6.66° 9.33¢ 66.66" 13.33°
pidop Conventional  9.33° 6.66° 1.00° 1.00° 46.66" 1.00°
Thvsanoptera "92MC 1.00° 1.33° 1.00° 1.00° 80.00" 1.00°
ySanoplera -, entional  10.66° 93.33° 129.33* 14.66° 56.00° 14.66°

Mean values not followed by the same letter differ significantly in the row by the Scott-Knott test at 5% probability.

Source: Research data.

red. Lima and Serra (2008) affirm that this order has a
wide range of niches and diversity of families.

Some families in Table 4 represent predatory insects,
phytophagous, natural enemies, and pollinators in the
agroecosystem. Even with the systematic application of
insecticides three times a week, these insects acquire
resistance and remain active. Moura et al. (2014) point
out that the most common predators found are wasps,
ants, the neuropteran Chrysoperla externa (Hagen, 1861)
(Neuroptera: Chrysopidae), spiders and bedbugs of the
Reduviidae, Pentatomidae and Nabidae families.
According to Togni et al. (2010), this abundance and
diversity of families is mainly due to the greater
availability of spaces protected from intra-species
predation and access to alternative food resources.

The presence of the leafminer Liriomyza trifolii
(Burgess, 1880) (Diptera: Agromizydae) in tomato crops
suggests that integrated pest management requires
greater attention, since this insect causes direct damage
to the tomato leaf, reducing its productivity. Gusméo
(2004) found abundant leafminer larvae in tomato leaves.
In this study, we performed a random survey of ten plants
and found two leafminer nests larvae on leaves of each
tomato plant examined.

The order Coleoptera had an AR of 45.63% in the
organic system and 13.95% in the conventional system.
The Scarabaidae family had an AR of 32.05% in the
organic system and 5.66% in the conventional system.
Lima et al. (2013) studied diversified environments and
found a significant number of this family. Matta et al.
(2017) report predatory activity of the Carabidae family

on weeds in cotton fields.

The Carabidae family had and AR of 8.53% in the
organic system and 0.41% in the conventional system.
Al-Attal et al. (2003) found 36% of the total number of
insects identified as specimens of this family, with
diversified functions in the agroecosystem. According to
Cividanes et al. (2003), specimens of the Carabidae
family spread by walking or flying. In this niche, they
contribute to the pollination and decomposition of
particulate matter.

The order Hymenoptera, generally abundant in
vegetable environments, in the collections had an AR of
14.98% in the conventional system and 1.09% in the
organic system. Alencar et al. (2007) and Kaminski et al.
(2009) observed that this order has a diverse behavior in
the agroecosystem. They are associated with specific
ecological interactions as detritivores, predators,
granivores, and herbivores. The Apidae family achieved
an AR of 3.29% in the conventional system and 0.28% in
the organic system. This is notable because these
insects are important pollinators (Vianna et al., 2007).

The order Hemiptera had an AR of 19.78% in the
organic system and 1.23% in the conventional system.
The Cicadelidae family had a higher presence with an AR
of 18.74% in the conventional system and 0.71% in the
organic system. These are phytophagous insects, vectors
of Xylella fastidiosa (Wells et al., 1987) (Table 4).

Table 5 shows the significant results of the orders of
insects collected in the colored traps. Seven orders of
insects were attracted, including many of agricultural
interest. The red traps attracted the orders Coleoptera



and Lepidoptera, which are useful for plant pollination in
both tomato growing systems.

Paz and Pigozzo (2012) investigated mangrove,
Atlantic Forest and Restinga, using traps with colored
water. They report the most attractive colors to the
insects were green, white, and blue. They show that
Atlantic Forest was the environment with the greatest
abundance of individuals and orders of insects, being a
biome with a greater diversity of plants than other areas.
The colors of the flowers and or plants serve as an
attraction to insects, who visit in order to feed and lay
eggs. In so doing, they pollinate as well. In this niche,
there are also predators and parasitoids (Skorupski and
Chittka, 2010; Wanga et al., 2013).

According to Vasconcellos et al. (2010), the seasonality
in the Caatinga region favors the presence of the insect
orders found. They found 20 orders belonging to the
Insecta class, of which seven are found in the table
collected in this study: Blattodea, Coleoptera, Diptera,
Hemiptera, Hymenoptera, Lepidoptera, and
Thysanoptera. The order Hymenoptera, with a mean of
between 10.0 and 129.0 individuals in both systems,
represents a good part of the collections as social
insects, a result corroborated in Dutra and Machado
(2001), Santos and Nascimento (2011), Souza (2011),
and Rocha et al., 2010).

In this study, the red trap was significantly superior to
the others, attracting a greater number of insects of the
order Coleoptera. We hypothesize that these insects are
attracted to red, since electromagnetic waves have
wavelength = 700 nm (Table 5).

Conclusions

The use of colored traps is an efficient strategy to know
the diversity of insects of the agricultural environments,
allowing an integrated pest management planning. The
insect family diversity indexes collected were different in
the colored traps for the two cropping systems.
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Stored product insects reduced the quantity, quality, nutritive value and viability of stored crops such
as maize, sorghum, wheat and rice. These pests and many others threaten food security. The study
investigated the efficacy of Xylopia aethiopica in the control of Sitophilus oryzae on stored rice. The
extracts of this plant were made using ethanol and aqueous as solvent and prepared at the
concentrations of 3, 6, 8 and 0 g. Zero gram is the untreated grain that served as the control. Five pairs
of male and female each of a day old adult of S. oryzae were introduced into jars containing 20 g of rice
each and were observed daily for 6 weeks for mortality, oviposition, developmental stages and natality.
The phytochemical analysis of the extracts revealed that alkaloids, glycosides, flavonoid and
polyphenol which was moderately high and which exposes the active ingredient of the extracts. The
phytochemical analysis of the extracts revealed that alkaloids, glycosides, saponins, flavonoids,
reducing compounds and polyphenols were present in the extracts in moderate quantities. The
proximate analysis of the grain revealed that the carbohydrate content (83.45+0.1) of Oryza sativa
followed by moisture (7.33+0.1), the least nutrient of proximate analysis was seen in ash (1.00+0.00).
Out of the two extraction methods employed, the ethanol extract was a more effective method and thus
recommended.

Key words: Xylopia aethiopica, ethanolic and aqueous, Sitophilus oryzae, rice grain.

INTRODUCTION

Insect pest damaged stored grains result in major
economic losses and in Africa where subsistence grain
production supports the livelihood of majority of the
population, grain loss caused by storage pest such as the
rice weevils Sitophilus oryzae (Ulebor et al., 2011) is a
serious issue. Stored product insects reduce the quantity,

quality, nutritive value and viability of stored crops like
maize, sorghum, wheat and rice (Okonkwo, 1998). These
pests and many others, threaten food security (Ulebor et
al., 2011). Control of pests in stored grains is a serious
problem in developing countries in the tropics due to
favorable climatic conditions and poor storage structures
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(Bekele and Hasanali, 1997). Sitophilus is a genus of
weevils. Some species are familiar as pests of stored
food products.

Notable species include the rice weevil (S. oryzae),
wheat weevil (Sitophilus granarius) and maize weevil
(Sitophilus zeamais) (Shadia, 2011).

The rice and maize weevils have a nearly cosmopolitan
distribution, occurring throughout the warmer parts of the
world. In Europe they are replaced by the temperature
palaearctic wheat weevil (Plarre, 2010).

The adult female weevil bores in a grain, nut, or seed,
and deposits an egg per individual grain. She seals the
hole with a secretion. The larva develops while feeding
on the interior of the grain, and then pupates. It usually
leaves the grain completely hollow when it exists as adult
(Plarre, 2010). The wheat weevil can live on acorns, and
may have used them as a host before agriculture made
grain plentiful. The rice weevil can live on beans, nuts,
grains and some types of fruits such as grapes (Ebeling,
2011). Several other Sitophilus use the acorns of oaks
such as bluejack oak (Quercusincana) and moru oak
(Quercus floribunda). Some use the seeds of trees in
dipterocarpaceae and the legume family, Fabaceae. The
tamarind weevil (Sitophilus linearis) is only known from
the seeds of tamarind (Plarre, 2010).

Several Sitophilus species are hosts to an intracellular
y-protobacterium weevils and bacterium have a symbiotic
relationship in which the bacterium produces nutrients
such as amino acids and vitamins for the host
supplementing its cereal diet (Vallier et al., 2009).. As of
1993, there are about 14 species of Sitophilus (Ebeling,
2011). They include Sitophilus conicollis, Sitophilus
cribosus, Sitophilus erosa, Sitophilus glandium, S.
granarius, S. linearis, S. oryzae, Sitophilus quadrinotatus,
Sitophilus rugicollis, Sitophilus rugosus, Sitophilus
sculpturatus, Sitophilus vateriaea, S. zeamais (maize
weevil) (Schoenherr, 1938).

Oryza sativa, commonly known as Asian rice, is the
plant species most commonly referred to in English as
rice. O. sativa is a grass with genome consisting of
430mb across 12 chromosomes. It is renowned for being
easy to genetically modify, and is a model organism for
cereal biology (Vallier et al., 2009).

Rice is a seed of the grass species O. sativa (Asian
rice) or Oryza glaberrima (African rice). As a cereal grain,
it is the most widely consumed staple food for a large part
of the world’s human population, especially in Asia. It is
the agricultural commodity with the third highest
worldwide production, after sugar cane and maize. Since
a large portion of maize crops are grown for purposes
other than human consumption, rice is the most important
grain with regards to human’s nutrition and caloric intake,
providing more than one fifth of the calories consumed
worldwide by humans (Ivbijaro, 1983).

Rice is a monocot that is normally grown as an annual
plant, although in tropical areas it can survive as a
perennial and can produce Raton crop for up to 30 years.
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Rice cultivation is well-suited to countries and regions
with low labor costs and high rainfall, as it is labor
intensive to cultivate and requires ample water. However,
rice can be grown practically anywhere, even on a sleep
hill or mountain area with the use of water —controlling
terrace systems. Although its parent species are native of
Asia and certain parts of Africa, centuries of trade and
exportation have made it common place in many cultures
worldwide (FAO, 2014).

Cereal crops especially rice is widely attacked by the
grain weevil Sitophilus species causing 25 to 100% post-
harvest losses in storage (Okonkwo, 1998). S. zeamais
and S. oryzae are the two main species known to attack
maize and rice in Nigeria. Owing to the insidious feeding
habits, they are often undetected until damage has
occurred (Okonkwo, 1998). Owing to the losses resulting
from the feeding activities and damages of the rice grain
pests, it is essential that necessary control measures are
put in place to ensure adequate rice production and
storage (Bekele and Hasanali, 1997). Insect pest in
stored food products has relied heavily on the use of
gaseous fumigants and residual contact insecticides. The
implication of these are serious problems of toxic
residues, health and environmental hazards,
development of insect strain resistance to insecticides,
increasing cost of application and erratic supply in
developing countries due to foreign exchange constraints
(Okonkwo and Ewete, 1999).

Similarly, Tetees and Gilstrap,(1998) were of the view
that the use of chemical insecticides which hitherto was
the control measure adopted in storage, has of recent
been criticized because of the difficulties associated with
its procurement, hazards with its use, development of
pest resistance and pest resurgence problems. Thus,
these problems have created the need to find materials
that will effectively protect stored grains or produce, that
are readily available, affordable, relatively less poisonous
and less detrimental to the environment (Abd-el-Azc and
Ismail, 2000).

Different spice and herbal plant products in the form of
essential oil (EO), powders, pellets, extracts or distillates
could be harnessed as potential toxicants, deterrents,
antifeedants, repellents, and fumigants for exclusion of
stored product pests from grain, have been used. Xylopia
aethiopica is an evergreen, aromatic tree, of the
Annonaceae family that can grow up to 20 mm high. It is
native to the lowland rainforest and moist fringe forests in
the savanna zones of Africa. The dried fruits of X.
aethiopica (Grains of selim) are used as a spice and as
herbal medicine (Moller and Maier, 2010).

Xylopia is a compression from Greek xylonpikron
meaning “bitter wood”. The second part of the plant’s
binomial name, aethiopica, refers to the origin of the tree,
in Ethiopia, though currently it grows most prominently as
a crop in Ghana (Harris et al., 2011). X. aethiopica grows
in tropical Africa; It is present in the rain forests,
especially near the coast. It also grows in the riverine and
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fringing forests, and as a pioneer species in the savanna
region. The wood is known to be resistant to termite
attack and is used in hut construction; posts, scantlings,
roof-ridges and joints. An infusion of the plant’s bark or
fruit has been useful in the treatment of bronchitis and
dysenteric conditions, or as a mouthwash to treat
toothaches. It has also been used as a medicine for
biliousness ad fibril pains. In Senegal, the fruit is used to
flavor café Touba, a coffee drink that is the country’s
spiritual beverages and the traditional drink of the
Mouride brotherhood (Harris et al., 2011) In the middle
ages, the fruit was exported to Europe as a ‘pepper’. It
remains an important item of local trade throughout Africa
as a spice, and flavoring for food and medicine. The fruit
is sometimes put into jars of water for purification
purposes (Burkil and Humphrey, 1985).

The African pepper or spice tree, X. aethiopica is an
important, evergreen, medicinal plant widely distributed in
West Africa, and concoctions prepared from its
morphological parts are used in traditional medicine for
the treatment of skin infections, candidiasis, cough, fever,
dysentery and stomach ache (Okigbo et al., 2005).
Extracts from X. aethiopica have been reported to exhibit
antibacterial and antifungal (Okigbo et al., 2005)
mosquito repellent (Adewoyin et al., 2006), and termite
anti-feedant activities (Lajide et al., 1995). X. aethiopica
can be harnessed in the form of oil extracts and powders
for use in storage and entomology (Bekele and Hasanali,
1997). The achievement in this direction will help to
increase the scope of rice production and utilization, to
meet up with the ever increasing demand for rice and rice
products (Okonkwo and Ewete, 1999).

Chemical pesticides has made way to controlling and
management of pests both in field and in store, but the
menace they cause is one that gives serious concern to
man, his animals and the environment. As a result,
scientists have been looking for a way to produce a more
friendly pesticide that will not cause serious harm and so
manageable; it is with this in mind that the zeal for the
study was conceived.

Though works has been carried out by some authors
with botanicals/biopesticides, the aqueous extract of the
stem bark of P. santalinoides has been established to
have effects on Pseudomonas aeruginosa (Eze et al.,
2012). According to Anowi et al. (2012), the methanolic
extract of leaves of some botanicals possesses analgesic
activity. Okpo et al. (2011) reported the anti-diarrhea
property of aqueous extract of some plant leaves. Other
workers on biopesticides includes Adeleke et al. (2009)
who reported the larvicidal properties of some plant
extract; and Otitoju et al. (2014) who reported the
welcoming effect of the plant in food. There is still paucity
of information on the efficacy, effectiveness and potency
of X. aethiopica as grain protectant against S. oryzae
(Kunz et al., 2001).

This study investigated the efficacy, effectiveness and
potency of X. aethiopica extracts (ethanolic and

aqueous), and evaluated the mortality, oviposition,
developmental and natality rates of X. aethiopica in the
control of S. oryzae on stored rice.

MATERIALS AND METHODS
Cereal grains

One kilogram of dry African rice O. glaberrima was collected from
Ogige market, Nsukka, Enugu State and identified. The rice was
fumigated for 48 h with carbon tetra chloride and aerated for 7 days
in order to kill the resident insect pest as suggested by Ivbijaro
(1983). The seeds were sieved with a 2-mm sieve to remove dead
insects, and the processed grains were packaged in polythene
bags and kept pending use (Becky, 2004).

Sitophilus oryzae

A weevil culture of S. oryzae that developed on rice was
established on March 2015. The mass production of S. oryzae took
place in the Applied Entomology Laboratory, Department of
Zoology and Environmental Biology, University of Nigeria, Nsukka,
Enugu State, Nigeria with relative humidity and temperature of
66.6% and 28+5°C, respectively. Hundred adults of mixed sex
(male and female) of S. oryzae were obtained from the weevil
culture and reared in glass jar covered with muslin cloth. The food
media were the rice. After two weeks, when oviposition has been
noticed, the parent stocks of S. oryzae were removed by sieving the
grain with a 2.00 mm sieve. The grains with the oviposited ova were
left under laboratory conditions till emergence of F1 progeny. The
F1 progenies from the cultures were used for the experiment (Ekeh
etal., 2013).

Plant materials

The fruits of X. aethiopica were collected from Cemetery Market,
Aba, Abia State and were dried to constant weight under room
temperature. The dry material was ground to very fine powder and
used for the experiment. The experiment was to find out the
comparative efficacy of the seed extracts (Keay et al., 1964).

Aqueous extract of Xylopia aethiopica

Five hundred grams of the powdered fruits of X. aethiopica was
ground and weighed into 1000-ml conical flask. 800 ml of distilled
water was added to the sample in the flask. The solution was then
stirred with a glass rod and allowed to soak for 24 h. The aqueous
extract was filtered thrice through a plug of adsorbent cotton wool
embedded in a glass funnel. The filtrate was then filtered through
11 cm round filter paper. The solution was concentrated by gentle
evaporation on a heating mantle and poured into 500 ml beaker
(AOAC, 2000).

Ethanolic extract of Xylopia aethiopica

Five hundred grams of the fruit was ground into fine powder and
weighed using the electrical weighing balance. Five hundred
milliliters of absolute ethanol was added to the sample in the flask.
The solution was stirred with a glass rod, allowed to soak for 24 h,
filtered using the filter paper and the filtrate allowed to evaporate
under room temperature.



Table 1. Phytochemical screening of Xylopia aethiopica.

Parameter Ethanolic extract Aqueous extract
Alkaloids + ++
Glycosides ++ +
Saponins + ++
Tannins - -
Flavonoids ++ +
Reducing compounds ++ +
Polyphenols ++ +

Phlobatannins - -
Anthraquinones - -
Triterpenes + -
Steroids + -

-Not present; + present in small concentration; ++ present in moderately
high concentration.

Table 2. Quantitative estimation of some phytochemicals of
Xylopia aethiopica.

Parameter Concentration (%)
Alkaloids 2.401+0.1
Flavonoids 8.10+0.1
Saponins 1.36+0.01
Polyphenol 2.75+0.03

Table 3. Percentage proximate analysis of Oryza sativa.

Nutrients % Proximate analysis
Moisture 7.33x0.1
Fat 0.50 £ 0.01
Crude protein 6.22 +0.01
Crude fibre 1.50+0.10
Ash 1.00 + 0.00
Carbohydrate 83.45+0.1

Phytochemistry of plant materials

Phytochemical analysis was carried out for the presence of
alkaloids, saponins, flavonoids, plobatannins, cardiac glycosides,
tannins and anthraquinones (Table 1). These were screened using
the method described by Trease and Evans (1996).

Quantitative estimation of some phytochemicals
Quantitative estimation of alkaloids, flavonoids, saponins,

polyphenols and reducing compounds were determined using the
method described by AOAC (1990) (Table 2).

Proximate study of rice (Oryza sativa)

The proximate study was carried was carried out to ascertain the
constituent nutrient (Carbohydrate, crude protein, ash, crude fibre,
fat, moisture) and the level of their presence in rice grain following
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the methods of Okoh and Ugwu (2011) (Table 3).

Experimental design

Split plot design of four concentrations replicated three times was
used. Ethanolic and agueous extracts of X. aethiopica was used for
the experiment. Five pairs (five males and five females) of zero day
old S. oryzae were introduced into each of the jars already with 20
g of rice and 8 g/6 g/3 g/0 g of X. aethiopica each. The ethanolic
and aqueous extract was applied at the 8, 6 and 3 per 20 g of rice.
Another control group was set up with the grain and S. oryzae but
no botanical (experimental control). Each jar was covered with a
muslin cloth to allow air movement and prevent insects from leaving
the jar. The set up was allowed for 15 days with daily monitoring.
Dead insects in each jar was collected and counted and the
percentage insect mortality was calculated. When the eggs were
noticed in the set-up, the pest S. oryzae was removed and eggs
counted and recorded for each jar, the oviposition was monitored
for 10 days for the inception of larva and pupa where
developmental study was done. When the larva and pupa was
noticed, the set up was monitored till natality of pests occurred and
newly emerged adults of S. oryzae counted. The whole experiment
lasted for a period of seven weeks (50 days) (Ekeh et al., 2013).

LDso of Xylopia aethiopica

Fifty percent lethal dose (LDso) of X. aethiopica was done using the
methods described by Don-Pedro (1989). The concentration of
ethanolic and aqueous extract that killed 50% of the 20 S. oryzae
exposed to it for a period of 24 h was recorded (Ousman et al.,
2007).

Data analysis

One way analysis of variance (ANOVA) was carried out to compare
differences in treatment means. Significant treatment means were
separated using Duncan multiple range test. The efficacies of the
ethanolic and aqueous extracts were also compared with Duncan
multiple range tests.

RESULTS
Mortality

Table 4 presents univariate analysis of mortality rate on
ethanol extract using analysis of variance (ANOVA).
From the results shown, it was observed that the
mortality of S. oryzae increased with increase in the
dosage application. The highest mortality of weevil was
recorded in 8 g (20.00 + 0.58) of ethanolic extracts which
was followed by 6 g (9.33 £ 0.67) and 3 g (3.33 + 0.88).
The least mortality was seen in 0 g (1.33 + 0.33) due to
the absence of the extract and it is the control group.
There was no significant difference between 0 g and 3 g
but there was significant difference between 6 g and 8 g.

Oviposition

Table 4 presented univariate analysis of oviposition rate
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Table 4. Activities of Xylopia aethiopica against Sitophilus oryzae.

Concentration (g/20 g grain) Ethanolic Aqueous
Mortality
Control (0.0) 1.33+0.33¢ 1.33£0.33
3.0 3.33+0.88¢ 1.00 + 0.00°
6.0 9.33+0.67° 4.00 + 1.55°
8.0 20.00 £ 0.582 11.67 + 0.882
Oviposition
Control (0.0) 2233+ 145 22.33 + 1.452
3.0 14.67 + 0.88° 17.67 £ 1.33°
6.0 10.33 £ 0.88¢ 17.67 £ 0.67°
8.0 4.67 £0.33¢ 8.33+0.33¢
Emergence (Larva)
Control (0.0) 21.67 £ 0.882 21.67£0.882
3.0 13.00 £ 0.58° 16.67 + 0.88°
6.0 8.33+0.33¢ 15.67 £ 0.67°
8.0 3.67 +0.33¢ 8.00 + 0.00°
Emergence (pupa)
Control (0.0) 18.00 + 1.152 20.67 £ 0.672
3.0 11.67 £ 0.67° 15.33 £ 0.88°
6.0 6.33 £ 0.67¢ 12.33 £ 0.33¢
8.0 2.33+0.67¢ 6.33+£0.33¢
Natality
Control (0.0) 16.33 + 0.882 19.67 + 0.882
3.0 11.00 £ 1.00° 14.00 + 0.58°
6.0 4,67 +0.88° 11.33 £ 0.33¢
8.0 1.33 £ 0.67¢ 4.67 +£0.33¢

Values with different alphabet superscript for a parameter in a column
are significantly different (p < 0.05).

on the ethanolic and aqueous extracts of X. aethiopica
using analysis of variance (ANOVA). From the study, it
was observed that S. oryzae were able to lay eggs at all
treatment dosages. However, the oviposition rate of the
insects decreased with increase in the dosage
application. The highest oviposition was observed in 0 g
(22.33 + 1.45) for both extracts, which was followed by 3
g (14.67+ 0.88) and 6 g (10.33 + 0.88). The least
oviposition was observed in 8 g (4.66 + 0.33), (8.33 %
0.33) for both extracts which has the highest
concentration of the extract. There was significant
difference in all the concentrations going by the
superscript of performance of ethanolic and aqueous
extraction methods of Xylopia aethiopica.

Figure 1 compares the performance of ethanolic and
aqueous extraction methods of Xylopia aethiopica. From
all indications, ethanolic extraction was more efficacious
than aqueous.

Developmental rate (larva)

Table 4 presents univariate analysis of developmental
rate (larva) on the ethanolic extract using analysis of
variance (ANOVA). The result of the bioactivities of X.
aethiopica ethanolic extract on the larval stage of S.
orzae as presented in Table 4 shows that more larva
were observed in the control, followed by 3 g, 6 g and the
lowest number of larva was observed on the 8 g for both
ethanolic and aqueous extracton due to the
concentrations. There was significant difference in all the
concentrations going by the superscript.

Developmental rate (Pupa)

Table 4 presents univariate analysis of developmental
rate (pupa) on the ethanolic and aqueous extract using
analysis of variance (ANOVA). The result of the
bioactivities of X. aethiopica extracts on the larval stage
of S. orzea as presented in Table 4 shows that more
pupa were observed in the control, followed by 3 g, 6 g
and the lowest number of pupa was observed on the 8 g
due to the effect of the extracts and concentration. Going
by the superscript, there were significant differences in all
the concentrations.

Natality

In Table 4, the result showed that the natality of S. oryzae
decreased with increased dosage application. The
untreated grain 0 g (16.33 + 0.88) has the highest rate of
natality for both ethanolic and aqueous extractions which
was followed by 3 g and 6 g. The least birth was

observed in 8 g (1.33 + 0.67), (4.67 1 0.33) which shows
the lowest number of natality. There was significant
difference in all concentration going by the superscript.

DISCUSSION

In the present study, the ethanol and aqueous extracts
prepared from X. aethiopica have shown very high
insecticidal properties against S. oryzae. The ethanolic
and aqueous extracts of X. aethiopica at the dosage
rates of 3, 6 and 8 g in rice gave promising levels of
control of S. oryzae in terms of increase in mortality and
reduction in oviposition, natality and developmental rates
with the ethanolic extracts having high insecticidal
properties than the aqueous. The present work agreed
with the findings of Yankachi and Gadachi (2010) where
the insecticidal actions of different plant products were
compared against S. oryzae. Onolemhemhen and
Oigiangbe (1991) have also reported the superiority of X.
aethiopica and Piper guinensis seed in increasing
mortality against S. oryzae. Onolemhemhen et al. (2011)
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Figure 1. Comparison of activities of the two extraction solvents. Activity of ethanolic extract
significantly better than aqueous extract at inhibition of oviposition, larva and pupa emergence and
natality (p < 0.05). Ethanolic extract is also significantly more effective at causing mortality (p < 0.05).
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reported that X. aethiopica has a pungent smell which
functioned more as an insect repellent and perhaps
caused suffocation and death of the weevils. The
insecticidal features of the plant’s extract may be due to
their constituent components, pungent smell and mode of
actions. These may have accounted for their effective
control of S. oryzae and other insects. Extracts of X.
aethiopica might have exhibited some insecticidal actions
resulting in low natality and oviposition of S. oryzae even
though the natality and oviposition of Sitophilus oryzae
were not completely halted at any of the treatment
dosage rates (8 g, 6 g, 3 g), they were lower than the
control treatment (0 g). This agreed with the findings of
Edelduok et al. (2015) that cotyledon powder of melon
halted the ovipositon of S. zeamais which might have
been due to the presence of essential oil. The mode of
action of oil has been suggested by Credland (1992) to
include physical barrier to respiration of insect’s eggs and
young larvae. Moreover, Rajapaske (2006) suggested
that the mechanical effects of the large quantities of
powders could have effects on oviposition. Lubijar (1983),
who embarked on another botanical study of the neem
seed Azadirachta indica found out that the neem seed
severely reduced egg laying in female S. oryzae while
increasing the mortality (Ekeh et al., 2013).

Treatment with X. aethiopica increased larval and pupal
period and reduced the total oviposition period, adult
longevity and fecundity suggesting that the
phytochemicals in the X. aethiopica interfere with the
neuroendocrine system in insects, which controls the
synthesis of ecdysone and juvenile hormone. In the
present investigation, it was found that X. aethiopica

affords better protection against S. oryzae. It was
observed that the ethanolic extract was more effective in
checking mortality, natality, developmental rate and
oviposition than the aqueous extracts. X. aethiopica has
many other activities against insects disrupting or
inhibiting development of eggs, larvae, pupae, delaying
the molting of larvae, disrupting mating and sexual
communication, repelling larvae and adults, poisoning
larvae and adults, feeding deterrent and preventing adult
to maturation. This is in agreement with the work of
Radha and Susheela (2014) who reported that the use of
different botanicals severely reduced the oviposition,
developmental rates and natality of Callosobruchus
maculatus. The findings of this work indicated that the
ethanol extract of X. aethiopica could be used in
controlling rice weevil in stored rice. This will reduce
chemical pesticide usage, remove the risk of toxic
residues in food and ensure the continued availability of
insect free rice for food, planting, trading and storage
(Ngamo et al., 2007).

Conclusion

The present work has revealed the efficacy of X.
aethiopica on rice weevil (S. oryzae), established the
concentration that controls the weevils on rice grain at
different quantities and has also looked at different
extraction methods of the X. aethiopica. The effects of X.
aethiopica in protecting the grain against S. oryzae were
comparable to using standard pesticides. It has been
confirmed that ethanolic extraction stands out as the best
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extraction methods because it exposes the active
ingredients of the extract making it more efficacious as
having the potentials in the control of insect pests and
thus recommended as a biopesticide.
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Integrated use of lime with organic and chemical fertilizers is considered as a good approach for
sustainable crop production under acidic soils. Vermicompost (VC) and chemical phosphorus (P)
fertilizer when used with lime play a vital role in enhancing productivity of acidic soils. Field
experiments were conducted for two consecutive cropping seasons of 2015 and 2016 to evaluate the
effects of lime, VC and chemical P fertilizer on yield and yield components of maize in Ebantu District,
Western highlands of Ethiopia. The experiments were laid out in a randomized complete block design
as a factorial combination of two lime rates (0, and 4 t CaCO; ha™), three VC rates (0, 2.5 and 5t VC ha™)
and three chemical P rates (0, 20 and 40 kg P ha™) which were replicated three times. Relevant crop
parameters were measured following standard procedures. Tasseling days (102), silking days (109),
highest leaf area index (5.91), plant height (3.48 m), cob length (47.83 cm), number of grain per cob (644)
and above ground dry biomass yield (22 t ha™) were exhibited by 5t ha™ VC and 40 kg ha™ chemical P
fertilizer with lime of 0 and 4 t ha™* while the highest 1000-seed weight (508 g), grain yield (4.87 t ha'l)
and harvest index (24%) were obtained at 2.5 t ha® VC and 40 kg P ha™ with lime. Integrated application
of organic and chemical fertilizers with lime amended the acidic soils and improved its fertility which in
turn increased crop yields. Combined use of VC at 2.5t ha™ and chemical P fertilizer at 20 kg ha™ with
lime at 4 t ha™ is economically optimum and could be recommended for reclaiming soil acidity and
improve nutrients for maize as it enhanced grain yield and yield components of maize plant in strongly
acidic soils for the two consecutive years pooled together.

Key words: Maize yield, lime, Vermicompost (VC), phosphorus (P), integrated application.

INTRODUCTION

Maize (Zea mays L.) is the most widely grown staple food
crop in sub-Saharan Africa (SSA) occupying more than
33 million ha each year (FAO, 2015). Ethiopia is Africa’s
fourth biggest maize producer next to South Africa,
Nigeria and Egypt but the yield of the crop was low in the
country (ECEA, 2009).

In Ethiopia, maize had been growing from moisture stress
areas to high rainfall areas and from lowlands to
highlands of the country. Among cereals, maize is the
first and second crop in terms of volume of production
and area coverage followed by and next to teff
(Eragrostis tef) (CSA, 2017).



478 Afr. J. Agric. Res.

Although maize is an important crop, the major
constraint limiting its production in medium to high
agricultural potential areas in tropical Africa is soil acidity
(Kanyanjua et al., 2002; Opala et al.,, 2015). Low soil
fertility and nutrient availability due to acidity and low
level of input use are also among the major crop
production constraints in Ethiopia including maize crop
(Alemayehu et al., 2011; Abreha et al.,, 2013). Maize
does well with pH of 5.5-5.7, while strongly acidic soil (pH
< 5.0) is unsuitable for good yield (Mbah and Nkpaji,
2010). The productivity of acid soils is limited by the
presence of toxic levels of aluminium (Al) and
manganese (Mn) and deficiency of nutrients such as
phosphorus (P), calcium (Ca), magnesium (Mg) and
molybdenum (Mo) (Brady and Weil, 2014).

Aluminium toxicity due to high exchangeable Al
reduces P uptake by fixing P which in turn affects maize
growth and yield on acid soils (Gaume et al., 2001). In
sub-humid agro-ecosystem of Western Ethiopia, the
highest maize grain yield recorded under farmers' field
has beenll t ha™ (Wakene et al., 2007). Surprisingly,
CSA (2017) reported that the potential maize productivity
on farmers’ field in East Wollega is only 4.5 t ha™ due to
constraints related to soil acidity and nutrient deficiency
problems.

Achieving high maize yield requires adequate and
balanced supply of plant nutrients as declining soil fertility
is a prominent constraint for maize production (Barbieri et
al., 2008; Okoko and Makworo, 2012). There are different
materials of conventional and non conventional sources
to amend soil acidity and fertility. The general practice for
ameliorating soil acidity is the application of lime.
However, the key to sustainable food production in low
input agricultural system is the use of locally available
nonconventional liming materials to reduce soil acidity
and increase soil fertility simultaneously.

Vermicompost (VC) and wood ash were reported to
increase the pH of acid soils and improve soil fertility by
supplying essential plant nutrients (Chaoui, 2003;
Materechera, 2012). Along with this, Zeinab et al. (2014)
reported that VC has large particulate surface area that
provides sites for the microbial activity and retention of
nutrients. Similarly, Wael et al. (2011) declared that VC
can be used to increase the pH in acidic soils and reduce
Al and Mn toxicity because of its alkalinity. It has been
reported that application of VC increases the supply of
easily assimilated as well as micronutrients to plants
besides mobilizing unavailable nutrients into available
form (Zeinab et al., 2014). Its application had a positive
effect on yield parameters of maize (Gutiérrez-micely et
al., 2008). VC contains high levels of total and available
N, P, potassium (K) and micronutrients (Tesfaye, 2017),

microbial activities and growth regulators (Chaoui, 2003).
It significantly stimulates the growth of sweet corn
(Lazcano et al., 2011).

Generally, VC can improve seed germination, growth
and yield of crops (Nagavallemma et al., 2004). There is
an increasing interest in the potential use of VC as saoil
amendment, where the addition of VC improves the soil
physical and chemical properties (Angin et al., 2013;
Lordan et al., 2013). Continuous and adequate use of VC
with proper management can increase soil organic
carbon (OC), soil water retention and permeability
(Mahdavi, 2007).

Phosphorus is a critical element in natural and
agricultural  ecosystems  throughout the  world
(Onweremadu, 2007) as its limited availability is often the
main constraint for plant growth in highly weathered soils
of the tropics (Bunemann et al., 2004). The application of
mineral P fertilizers and the introduction of sustainable
land management practices have amended P deficiency
in some soils used for crop production. However, P
deficiency remains a major constraint in rainfed upland
farming systems throughout the tropics (Fairhurst et al.,
1999). The high available P contents associated with the
mineral P treated soils were attributed to the fact that
mineral P applied in the form of TSP is a source of
soluble P (Asmare et al., 2015).

Nowadays agronomists are concentrating on reducing
the use of inorganic fertilizers by using biofertilizers such
as VC (Darzi et al.,, 2011). The management practices
with organic materials influence agricultural sustainability
by improving physicochemical and biological properties of
soils (Haj Seyed Hadi et al., 2011). Inappropriate use of
chemical fertilizers is also becoming a chronic problem
due to its high cost (Johannes, 2013) and effect in
deteriorating soil biological properties as well as
environmental impacts (Zarina et al., 2010). On the other
hand, integrated and judicious use of organic sources of
nutrients not only supplies nutrients but also has some
positive interaction with chemical fertilizers to increase
their efficiency and thereby to improve soil structure
(Elfstrand et al., 2007).

Similarly, integrated use of organic matter (OM) and
chemical fertilizers is beneficial in sustainably improving
crop production, soil pH, OC and available N, P, and K in
soils (Rautaray et al., 2003). Tilahun et al. (2013) also
stated that neither inorganic nor organic fertilizers alone
can result in sustainable productivity. This situation made
the use of integrated nutrient management in maize
production necessary since combined use of organic and
inorganic fertilizers builds ecologically sound and
economically viable farming systems (Rajeshwari, 2005;
Wakene et al., 2007). In maize, significantly higher seed
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yield (7.48 t ha'l) was obtained with the application of VC
at5tha’ along with the recommended dose of fertilizer
when compared with VC alone (Pawar et al., 1995).

Although Ebantu district is humid and sub-humid in its
agro-ecology, maize vyield is low due to very high soil
acidity and low fertility caused by high rainfall, continuous
cropping using acidity accelerating mineral fertilizers and
crop residue removal from fields. Hence, increasing yield
in maize production could be taken as an important step
and actual fertilizer recommendations should be made on
the basis of experimental results for different nutrients.
Farmers in the district do not practice proper application
of lime and organic materials integrated with inorganic
fertilizers.

However, research on an integrated nutrient
management for maize production has not been
conducted in the study area. Due to this gap of scientific
studies, logical recommendations for combined
application of VC and mineral P fertilizer with
recommended lime rates were not employed for maize
production in the study district. Thus, it is pertinent to
study the effect of an integrated use of VC and mineral P
fertilizers with lime to improve nutrient availability and
hence, crop yield. Therefore, the objective of this study
was to evaluate the effects of lime, VC and mineral P
fertilizer on maize yield and yield components at the
study site.

MATERIALS AND METHODS
Description of the study area

The study was conducted in Ebantu district, East Wollega Zone of
Oromia National Regional State (ONRS), Western Ethiopia (Figure
1). It is located at approximately 483 km from Addis Ababa and
around 153 km from Nekemte, the capital city of East Wollega
zone. The district lies between 9°58°30” to 10°14’'0” N and 36°3'0”
to 36° 89'40” E and covers an estimated area of 929 km? with an
altitude that ranges from 1994 to 2176 meters above sea level
(masl).

Geologically, the study area is covered by the metamorphic
basement rocks in which tertiary volcanic rocks buildup and that is
characterized by fine granular rock, small crystal which is invisible
by naked eye. This rock is characterized by large vesicles from
where gas escaped out and used for percolation of precipitation
(Amenti, 1990). The predominant soil type in southwest and
western Ethiopia in general and the study area in particular, is
Dystric Nitisols according to (FAO, 2001) soil classification system.
On average, the soil is deep and relatively highly weathered, well
drained and very strongly to strongly acidic in reaction. Nitisols are
highly weathered soils in the warm and humid areas of the west
and southwest Ethiopia (Mesfin, 1998). Its vernacular name is
“Biyyee Diimaa” meaning red soil.

The district receives an annual average rainfall of 1778 mm and
has monthly mean minimum, maximum and mean air temperatures
of 16.6, 20 and 18.3 °C, respectively (NMA, 2015) (Figure 2). The
rainfall pattern is unimodal, stretching from April to October.

In terms of topography, 30% of the total area is gentle slope,
while flat and steep slope lands account for 52 and 18%,
respectively. Out of the total area of the district 35% is covered by
cultivated land, 19% is grazing land, 20% is natural forest land,
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16% is fallow land, 8% is shrubs and about 2% is estimated to be
area covered by settlement (Ebantu district Agricultural
development Bureau, 2014 unpublished).

According to the local and the Ethiopian agro-climatic zonation,
the study area belongs to the humid (Baddaa) and sub-humid
(Badda Daree) climatic zones (FAO, 1990). The economic activity
of the local society of the study area is primarily mixed farming
system that involves animal husbandry and crop production.
Continuous cultivation without any fallow periods coupled with
removal of crop residues is a common practice on cultivated fields.
All farmers in the study area use diammonium phosphate (DAP)
((NH4)HPOQ,), urea (CO(NH.)2), and cow dung as sources of
fertilizers. The major crops are maize (Zea mays L.), teff (Eragrostis
tef), coffee (Coffee arabica L.), barley (Hordeum vulgare L), potato
(Solanum tubersoum L.) and noug (Guizotia abyssinica). These
major crops are produced usually once per year (Ebantu district
Agricultural development Bureau, 2014 unpublished).

Treatments, experimental design, and procedures

The experiment consisted of factorially combined three factors
namely: two rates of lime (0 and 4 t CaCOs ha), three rates of VC
(0, 2.5, and 5 t ha) and three rates of mineral P fertilizer (0, 20,
and 40 kg P ha™) as triple superphosphate (TSP) or [Ca(H2PQ.)2],
while N fertilizer was applied in the form of urea (46% N) to all
treatments at rate of 69 kg N ha™’. The rates of lime were calculated
from the lime requirement using the acid saturation method and
confirmed by incubation experiment. Treatments were laid out in
randomized complete block design (RCBD) with three replications.
Thus, there were 2*3*3 =18 treatment combinations, which
contained 54 experimental plots each season.

The field experiment was conducted for two consecutive main
cropping seasons of 2015 and 2016. A land with average pH of
4.81 was selected for the study and land preparation took place
well in advance before sowing maize, as lime and VC need certain
incubation period to bring change in physicochemical properties of
the soil. Plot size was 5.1 m by 4.5 m with an area of 22.95 m?
Total area used for this experiment was 52.5 m by 40.6 m (2131.5
m?) including border areas. The experimental field was prepared
following the conventional farmers’ practices. The field was oxen
ploughed three times before sowing. The seed bed was prepared
by ploughing and harrowing using oxen and then leveled manually.
All agronomic practices such as hoeing and weeding, were
undertaken uniformly to all plots by hand.

The treatments of lime and VC were applied to the plots as per
treatment in band according to the randomization set before sowing
of maize; and left for two months of incubation period for lime and
three weeks for VC. A hybrid maize variety (BH-660) was used as a
test crop. An inter- and intra-row spacing of 75 cm and 30 cm was
used, respectively. At the time of sowing one third of N fertilizer (69
kg N ha) and the whole mineral P rates (0, 20, and 40 kg ha™)
were applied as side dressing 2 cm apart from the maize seed and
5 cm deep into the soil. The remaining two third rate of N was
applied at knee height stage of the crop.

Soil sampling and analysis

Soil samples from 0 to 20 cm depth were collected prior to maize
planting in 2014 to analyze selected soil physicochemical
properties. A Total of three composite samples were collected from
the three blocks. Soil samples were collected by auger from
eighteen sub-samples in each block and thoroughly mixed to make

soil bulk density ( 0y, ) of the area were collected at random by

taking one sample per block using core method. All the laboratory
activities were undertaken at Haramaya University and Nekemte
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Soil Research Center according to standard laboratory procedures.
Soil particle size distribution was analyzed by the Bouyoucus

hydrometer method (Bouyoucos, 1951). Soil 0, was measured

from three undisturbed soil samples collected using a core sampler
as per the procedure described by Jamison et al. (1950), while

particle density ( ©4) was measured using pycnometer (Barauah
and Barthakulh, 1997) at the Nekemte Soil Research Center. Total
porosity (¢ ) was calculated from the values of Oy, and O (Brady
and Weil, 1996) as:

¢ =|1-L0 |*100
Ps

Soil pH was measured potentiometrically in 1:2.5 soils: H,O solution
using a combined glass electrode pH meter (Chopra and Kanwar,
1976). Total exchangeable acidity was determined by saturating the
soil samples with 1 M KCI solution as described by Rowell (1994).
From the same extract, exchangeable Al in the soil samples was
determined by application of 1 M NaF. Acid saturation (AS) was
calculated from exchangeable acidity and CEC Rowell (1994).

Excchangeable acidity (cmol c kg 1)

AS (%) = x 100

CEC (cmol c kg_l)

Where:
AS = Acid saturation, CEC = Cation exchange capacity

Organic carbon (OC) content of the soil was determined by the wet
combustion procedure of Walkley and Black (1934) and OM% was
obtained by multiplying OC% by 1.724. The total nitrogen (N)
content of the soil was determined by wet-oxidation procedure of
the Kjeldahl method (Bremner and Mulvaney, 1982). Available P
was extracted by the Bray Il method (Bray and Kurtz, 1945).
Exchangeable basic cations (Ca, Mg, K, and Na) were determined
by saturating the soil samples with 1M NH4OAc solution at pH 7.0.
Then Ca and Mg were determined by using atomic absorption
spectrophotometry (AAS), while exchangeable Na and K were
measured by flame photometer from the same extract. The cation
exchange capacity (CEC) of the soil was determined from the NH,"
saturated samples that were subsequently replaced by K from a
percolated KCI solution (Chapman, 1965). The extractable
micronutrients (Fe, Mn, Zn, and Cu) were extracted by diethylene
triamine pentaacetic acid (DTPA) as described by Sahlemedhin and
Taye (2000) and all these micronutrients were measured by atomic
absorption spectroscopy (AAS).

Analysis of vermicompost

Vermicompost was prepared from the raw materials like cow dung,
sheep and goat faeces, dried chopped maize residues and
chopped grasses by using red worm (Eisenia fetida). Selected
parameters of VC were determined using dried samples which were
ground to pass through a 2 mm sieve as described by Pisa and
Wuta (2013). Electrical conductivity (EC) and pH were determined
from a suspension of 1:10 VC: H,O as described by Ndegwa and
Thompson (2001). The total OC was estimated by wet combustion
procedure of Walkey and Black (1934). Total OM% was obtained by
multiplying total OC% by 1.8 (Emeterio and Victor, 1992). The total
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N content of the VC was determined by wet-oxidation procedure of
the Kjeldahl method (Bremner and Mulvaney, 1982). Total Ca, Mg,
K, and Na were extracted by wet digestion using concentrated
sulphuric acid (H2SO,), selenium (Se) powder, lithium sulphate
(LizSO,4), and hydrogen peroxide (H.0,) mixture (Okalebo et al.,
2002). Total Ca and Mg were determined from the wet digested
samples by AAS while K and Na were estimated by flame
photometer. Total P was extracted using concentrated H,SO,4, Se
powder, salicylic acid (C7HsO3), and H,O, mixture (Okalebo et al.
2002). Micronutrients (Fe, Mn, Zn, and Cu) were extracted using
concentrated H,SO4, Se powder, C;HsO3 and H,O, mixture and
their concentrations were determined from the wet digested
samples by AAS (Okalebo et al. 2002).

Data collections and measurements

Agronomic data were collected during both growing seasons. The
data collected were crop phenology, growth parameters, yield and
yield components.

Crop phenology

Days to 50% tasseling (the number of days from planting to the
start of shedding of pollen by 50% of maize plants in the plots) and
days to 50% silking (number of days from planting to silking by 50%
of the maize plants in the plots) were recorded at their respective
stages. Days to physiological maturity (DPM) was recorded as the
number of days after sowing to the formation of a black layer at the
point of attachment of the kernel with the cob.

Growth parameters, yield and yield components

Plant height (PH) was measured in cm from the soil surface to the
base of the tassel of ten randomly taken plants from the net plot
area at physiological maturity. Data on leaf area (LA, cm?) was
taken to calculate leaf area index (LAI) for maize at 50% tasseling.
The LA was determined using methods of McKee (1964). The width
(W) and length (L) of leaves from 10 randomly taken plants in each
plot was measured and LA was calculated (Uzun and Celik, 1999).

LA=W x L x0.733
Where:

LA = Leaf area (cm?)

W = Maximum leaf width (cm)

L = Maximum leaf length (cm)
0.73 = Correction factor for maize

Leaf area index (LAl) was then calculated by dividing leaf area per
sampled ground area (Radford, 1967). Cob length (CL, cm) was
measured during harvesting while number of grains per cob
(NGPC) was recorded simply by counting for the ten plants picked
randomly in the four central rows of the net area. Grain yield (GY)
per plot was weighed in kg/plot and adjusted t012.5% moisture
content and then converted to t ha™ and above ground dry biomass
yield (AGDBY, t ha™) for each plot were recorded after harvesting
and air drying the samples to constant weight. Thousand seed
weight (TSW) was weighed (g) and grain harvest index (HI) was
calculated as the ratio of dried grain yield to the AGDBY.

Economic analysis

The economic analysis comprising partial budget with dominance
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and marginal rate of return was carried out. To estimate economic
parameters, the marketable maize yield was valued based on
average market price collected from the local markets during the
two consecutive years of production immediately after harvest
where average maize price was 8 Birr kg™*. The average cost of P
and VC were 15.96 and 1.00 Birr kg™, respectively. A wage rate of
40 Birr per man day™ was used. In the partial budget analysis, total
variable cost, gross field benefit, net benefit and marginal rate of
return were employed. Total variable cost refers to the sum of all
costs of variable inputs (fertilizers) and management practices. The
gross field benefit ha™ was obtained as the products of real price
and the mean maize yield for each treatment adjusted to 10%
whereas the net benefit ha™ is the difference between the gross
field benefit and total variable cost (CIMMYT, 1988). The
dominance analysis procedure, which was used to select potentially
profitable treatments, comprised ranking of treatments in an
ascending order of total variable cost from the lowest to the highest
cost to eliminate treatments costing more but producing a lower net
benefit than the next lowest costing treatment was undertaken. For
each pair of ranked non-dominated treatments, marginal rate of
return was also calculated in percent. The percent marginal rate of
return between any pair of undominated treatments denoting the
return per unit of investment for crop production was analyzed. The
marginal rate of return (%) was calculated (CIMMYT, 1988).

ANB

MRR (%) = x 100
ATVC

According to CIMMYT (1988) for a treatment to be considered a
worthwhile option to farmers, the marginal rate of return needed to
be between 50 and 100% by taking the minimum acceptable rate of
return to be 50%. The values of other materials used uniformly for
each treatment were not considered in the budget for the partial
economic analysis.

Statistical analysis

In all cases, the variations in the two consecutive years of the study
were not significantly different and the error variances were
homogeneous using the F-test as illustrated by Gomez and Gomez
(1984). Thus, combined analysis of variance (ANOVA) for the two
years data was performed using SAS 9.2 (SAS, 2004). Duncan’s
Multiple Range Test was employed to test the significant difference
between means of treatments. Moreover, simple Pearson’s
correlation analysis was done to determine the association of
various agronomic characters of maize with each other.

RESULTS AND DISCUSSION

Soil physicochemical properties before planting and
vermicompost

The experimental soil is loamy in texture (Table 1). Soll
pH of 4.81 was in the very strongly acidic soil range
(Jones, 2003). The contents of exchangeable acidity and
Al were relatively high. The OM content (2.15%) was low
and total N (0.18%) was moderate according to Tekalign
(1991). Available P was in the low range (0 — 10 mgkg"l)
(Clements and McGowen, 1994). The mean soil
exchangeable Ca and K were in the low range, while
exchangeable Mg was in medium range (FAO, 2006).
The CEC of the soil was categorized as medium

Table 1. Selected soil physical and chemical
properties of the experimental soils.

Soil parameters Value
Sand (%) 50
Silt (%) 38
Clay (%) 12
Textural class Loam soil
Py (@ cm?) 13
o, (@cm?) 2.28
o (%) 43
pH (H20) (1:2.5) 481
Exchangeable acidity (cmolc kg'l) 2.44
Exchangeable Al (cmol. kg™) 2.03
AS (%) 12
OM (%) 2.15
Total N (%) 0.18
Available P (mg kg™) 4.6
Exchangeable Ca (cmolc kg'l) 3.51
Exchangeable Mg (cmolc kg™) 1.61
Exchangeable K (cmolc kg™) 0.27
Exchangeable Na (cmol. kg™) 0.11
CEC (cmol. kg™ 21
Fe (mgkg™) 35.1
Mn (mg kg™ 36.7
Zn (mg kg™ 2.96
Cu (mg kg™) 2.73

Pp =Bulk density; O = Particle density; ¢ =Total

porosity; AS = Acid saturation; OM = Organic matter;
Total N = Total nitrogen; CEC = Cation exchange
capacity.

according to Roy et al. (2006). The soil DTPA-extractable
Fe, Mn, and Zn were high whereas Cu was medium
(Jones, 2003). Generally, the result of pre-soil analysis
showed that the soils of the study site had acidity
problem and were poor in chemical fertility. Selected
nutrient contents and the pH of VC are presented in
Table 2. These sources of the nutrients could be
decomposition of VC by the activities of microorganisms.
Through its contents, the VC can decrease soil acidity
and increase soil fertility status in general.

Crop phenology

Tasseling, silking, and physical maturity

The ANOVA showed that the combined application of
VC, mineral P and lime significantly (P < 0.01) speeded

up tasseling of maize (Table 3). Early days to tasseling
were recorded with the application of lime, VC, and



Table 2. Chemical characterization of
vermicompost.

Vermicompost Value
pH (H20) (1:10) 75
EC (dSm™) (1:10) 5.2
Total OM (%) 25.74
Total N (%) 1.95
Total P (g kg™) 5.3
Ca (cmolc kg™) 36.3
Mg (cmol. kg™) 19.8
K (cmolc kg™) 27.7
Na (cmol.kg™) 14.2
Fe (mg kg™) 219
Mn (mg kg™) 397
Zn (mg kg™t 152
Cu (mg kg™) 95

EC = Electrical conductivity; Total OM = Total
organic matter; Total N = Total nitrogen; Total
P = Total phosphorus.

mineral P fertilizer at the rate of 4 t ha™*, 5 t ha™, and 40
kg ha*, respectively. The latest days to 50% tasseling
was obtained for the control. The application of each
factor at maximum rates decreased days to tasseling by
as much as 19 days (16%) as compared to the control.
This may be due to rapid physiological activities observed
with high plant nutrients availability via VC and mineral P
fertilizer application with lime. In line with this result,
Arancon et al. (2008) and Ramasamy and Suresh (2011)
reported that VC stimulates plant flowering, increases the
number and biomass of the flowers. Silking days were
also hastened with the application of 5 t VC ha™ and 20
kg P ha™ with lime. Contrary to tasseling and silking, time
to reach physiological maturity was highly significantly (P
< 0.001) prolonged by the applications of lime, VC, and
chemical P fertilizer (Table 3). The application of the
highest rates of all the three factors prolonged the
maturity of the maize plants by as much as 17 days
compared to the control. An interesting observation is
that in the control it took only 33 days to reach maturity
after silking, but at the application of the highest rates of
all the three factors, this period was extended to 75 days.
There was thus much more time for growth and
development in the plots well supplied with nutrients. Late
maturity in response to increasing rate of lime, VC, and
mineral P fertilizer may be ascribed to the availability of
optimum nutrients contained in VC and increment of
available P that may have led to prolonged maturity
through enhanced leaf growth and photosynthetic
activities thereby increasing partition of assimilate to the
storage organ. This is supported by Jolien (2014) who
reported that the maturity of maize was prolonged when
treated by high dose of diammonium phosphate (DAP)
and compost.
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Plant height and leaf area index

The highest leaf area index was recorded at the plots
treated by 5t VC ha™ and 40 kg P ha™ with lime which
was increased by 43% over the control (Table 4). The
maximized leaf area index of maize at higher rates of
treatments is attributed to enhanced vegetative growth.
Zeinab et al. (2014) and Atarzadeh et al. (2013) also
stated that the highest leaf area index was observed
when plants were grown under integrated VC and
inorganic fertilizers management. There was highly
significant (P < 0.001) interaction effect of lime, VC, and
mineral P fertilizer on plant height (Table 4). The tallest
mean plant height was recorded in plots treated with high
doses of VC and mineral P fertilizer integrated with lime
while the shortest plant was recorded for the control.
Maize plants grown in plots treated with nil fertilizer rates
were stunted while plant height was increased with
increasing VC, mineral P fertilizer, and lime rates.
Hence, there was a clear synergistic effect between the
treatments. In the unlimed plots VC and chemical P
fertilizer increased plant height only slightly.
Vermicompost had little effect also in limed plots that did
not receive P fertilization. But plant height was increased
by about 1 m in plots receiving lime, VC, and chemical P
fertilizer. This is in harmony with the findings of Kannan
et al. (2013) who reported that integrated nutrient
management has positive effect on maize height. Manish
et al. (2017) also reported that the tallest plant height was
observed on the plots treated by VC and cattle manure,
whereas the shortest was in the control. Similarly,
Atarzadeh et al. (2013) also described that VC contains
many humic acids which improve morphological traits of
the crop and, thus, increase plant height.

Maize yield parameters and grain yield
Cob and seed characteristics

Application of lime, VC, and mineral P fertilizer had a
significant (P < 0.01) effect on cob length (Table 5).
Accordingly, the highest mean cob length was recorded
in plots that received the highest rates of P and VC in the
limed plots, where the cob length was 2.5 times higher
than that of the control. The increase in the cob length
might be attributed to the reduction in acidity and
increase in nutrient availability, whereas the reduction in
cob length of the control might be due to unavailability of
nutrients as a result of lower pH and P sorption. This is
supported by Oluwatoyinbo (2005) who indicated the
possibility of increasing cob length by reducing soil acidity
through the application of soil acidity amendments. A
perusal of data presented in Table 5 also showed highly
significant (P < 0.001) interaction effects of lime, VC, and
mineral P fertilizer on grain number per cob. The highest
grain number per cob (644) was recorded in plots treated
with the highest doses of VC and mineral P with lime,
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Table 3. Days to tasseling, silking and maturity of maize receiving different rates of lime, mineral P fertilizer and vermicompost (VC).

Crop phenology

Lime and VC (t ha™)

Mineral P fertilizer (kg ha™)

Lime VC Tasseling (days) Silking (days) Maturity (days)

- - 0 20 40 0 40 0 20 40

- 0 1212 116° 111.3 131.3° 120.8° 164.8"  172.0°0  173.3%
0 25 120° 1139 111.79" 128.7° 120d° 17059  174.2%  174.2%
- 5 117% 114 112.3" 123.5° 120.5% 1725%9  172.8%9  174.8%
- 0 118° 111.5" 106.3 118.8°f 110.3" 17159  170.8%  173.5%
4 25 116% 111.2 104.2% 118.0' 108.5 172.2%%  174.2%  178.2°
- 5 113" 106.3 102.3' 119.0 113.8°  109.0" 172.8%9 1772  181.7°
CV (%) - - 1.28 - - 1.29 - - 1.17 -
F_test - - *% - - *k%k - - *k%k -

SE () - - 0.52 - - 0.63 - - 0.83 -

Means sharing the same letter(s) are not significantly different according to DMRT at 5% level of significance. **and *** indicate significance at P < 1%
and 0.1%, respectively. VC = Vermicompost; CV = Coefficient of variation; SE = standard error.

Table 4. Plant height and leaf area index of maize as affected by liming, and different rates of VC and chemical P
fertilizer.

Growth parameters

Lime and VC (t ha™)

Mineral P fertilizer

LAI PH (m)

Lime vVC 0 20 40 0 20 40

- 0 3.40" 3.77 3.84" 2.07' 2.26% 2.30%f
0 25 3.79" 4.09"" 4.11" 2.17° 2.31%f 2.36%
- 5 4.10 5.08% 5.05% 2.230%f 2.45° 2.41%
- 0 4,049 4.34' 5.02% 2.39% 2.46% 2.44¢
4 25 4.23" 4.77° 5.30° 2.43¢ 2.81° 2.71%
- 5 5.11% 5.56° 5.91° 2.45° 3.40° 3.48°
CV (%) - - 4.94 - - 8.74 -
F_test - - *% - - *k*k -
SE (4) - - 0.09 - - 0.09 -

Means sharing the same letter (s) are not significantly different according to DMRT at 5% level of significance. **and ***
indicate significance at P < 0.01 and 0.001, respectively. VC = Vermicompost; LAl = Leaf area index; PH = Plant height;

CV = Coefficient of variation; SE = Standard error.

whereas the lowest (343) was recorded in the control
(Table 5), which indicated an increase of about 112%. In
addition to the higher number of grains, the grains were
also significantly (P < 0.001) heavier in maize receiving
lime, VC, and /or chemical P fertilizer (Table 5). This
might in turn have improved the normal development of
maize with increasing grain number per cob. This is in
line with the reports of Mihiretu (2014), who stated that
maize seed setting is highly dependent and responsive to
the amount and availability of P fertilizer during critical
growth stages mainly the reproductive phase.

Thousand seed weight

The interaction effect of lime, VC and mineral P fertilizer

had highly significant (P < 0.001) effect on 1000-seed
weight (Table 5). The highest mean 1000-seed weight
(508 g) was recorded in plots treated with 2.5 t VC ha™
and 40 kg P ha™ with lime, while the lowest (255 g) was
in the control indicating an increase of about 99% due to
the treatments. Such high increase in 1000-seed weight
might be due to the synergistic effects of the combined
factors for better growth and grain filling of maize as well
as effects of VC and Ilime in improving the
physicochemical and biological soil properties. Besides
the high rate of mineral P fertilizer, VC may play a
paramount role in improving 1000-seed weight and other
yield components. This is in consent with the reports of
Negasi (2014), who stated that OM plays a significant
role in plant nutrition through its positive effects on



Table 5. Effects of combined application of lime, vermicompost,
1000-seed weight of maize.
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and mineral P fertilizers on cob length, number of grain per cob, and

Yield parameters

Lime and VC (t ha™)

Mineral P fertilizer (kg ha™)

CL (cm) NGPC TSW (g)

Lime vVC 0 20 40 0 20 40 0 20 40
0 19.4¢ 21.0% 23.2"k 343' 389° 436" 255 297° 375

0 25 20.4 25,49 27.1°% 374° 435° 445 283"  426°  454¢
5 20.7% 29.8% 30.4% 388° 463" 470 286" 453"  458°
0 24,59 21.6% 22.3% 453°  442% 448" 455°  458°  468°

4 25 26.4" 36.5™ 37.8" 475° 444 6242 479"  454°  508°
5 32.7% 45.1% 47.8° 467" 620° 644° 458°  505%  505%

CV (%) - - 11.92 - - 5.47 - - 1.24 -

F_test - - *% - - *%%k - - **k%k -

SE (£) - - 1.38 - - 10.37 - - 2.14 -

Means sharing the same letter(s) are not significantly different according to DMRT at 5% level of significance. **, *** indicate significance at P <
0.01 and 0.001, respectively. VC = Vermicompost; CL = Cob length; NGPC = Number of grain per cob; TSW = Thousand seed weight;
CV=Coefficient of variation; SE = Standard error.

Table 6. Effects of combination of lime, vermicompost, and mineral P fertilizers on grain yield, above ground dry biomass yield, and

harvest index of maize.

Yield parameters

Lime and VC (t ha™)

Mineral P fertilizer (kg ha™)

GY (tha?) AGDBY (t ha™) HI (%)

Lime vC 0 20 40 0 20 40 0 20 40

- 0 2.18° 2.369 3.05° 16.1° 16.5°  16.89 13.6' 144" 16.9%
0 25 2.30° 3.03° 3.95¢ 16.3%  17.0°9  18.4% 14.3" 17.9% 215"
- 5 2.36° 4.25° 4.03¢ 16,59  18.6° 18.7 1459 230%* 215
- 0 2.20° 277" 2.94% 16,59  17.1°0  18.2%f 13.4' 16.39  16.2"
4 25 3.13° 4.07% 4.87% 17.1°® 185  20.0° 18.3%  22.0° 24.4°
- 5 4.02¢ 4.55° 4.73% 18.3%"  22.7°  259? 220"  20.1% 183%
CV (%) - - 5.52 - - 7.40 - - 9.01 -
F_test - - *kk - - * - - *kk -
SE (+) - - 0.08 - - 0.55 - - 0.67 -

Means sharing the same letter(s) are not significantly different according to DMRT at 5% level of significance. *and *** indicate significance at P <
0.5 and 0.001, respectively. VC = Vermicompost; GY = Grain yield; AGDBY = Above ground dry biomass yield; HI = Harvest index; CV =

Coefficient of variation; SE = Standard Error.

nutrient supply to plant roots, in improving soil structure,
water holding capacity, and other soil properties.

Above ground dry biomass yield (AGDBY)

The results of ANOVA indicated that there is a significant
interaction effect of lime, VC, and mineral P fertilizer (P <
0.001) on AGDBY of maize (Table 6). The highest mean
AGDBY (12.18 t ha'l) was recorded in plots treated with
the highest rates of VC and mineral P along with lime,
while the minimum (5.02 t ha'l) was in the control with a
difference of about 7.16 t ha™. This difference might be
due to synergistic effects of lime, VC, and mineral P

fertilizer as well as high doses of mineral P and VC used
for luxuriant vegetative growth of plants. These results
are in line with that of Makinde and Ayoola (2010), who
demonstrated that the application of OM as fertilizers
provides growth regulating substances and improves
physicochemical and microbial properties of soils.

Grain yield (GY)

The results of ANOVA showed that, the highest mean
grain yield (4.87 t ha‘l) was recorded in plots treated
with40 kg P ha’ and 2.5 t VC ha™ with lime, while the
lowest (2.18 t ha'l) was recorded in the control (Table 6).
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Table 7. Partial budget and dominance analyses of lime, vermicompost, and mineral P fertilizer on maize (2-years data pooled).

Lime (tha’) P(Kgha') VC(tha') TVC(ETBha') AdGY (tha') GFB(ETBha’) NB (ETBha’) Dominance
0 0 0 0 2.18 17467 17467 uD
4 0 0 200 2.20 17573 17373 D
0 20 0 1721 2.36 18907 17186 D
4 20 0 1921 2.77 22187 20266 uD
0 0 25 2660 2.30 18427 15767 D
4 0 25 2860 3.13 25013 22153 uD
0 40 0 3282 3.05 24387 21105 D
4 40 0 3482 2.94 23533 20051 D
0 40 25 4381 3.03 24267 19886 D
4 40 25 4581 4.07 32547 27966 uD
0 0 5 5160 2.36 18880 13720 D
4 0 5 5360 4.02 32160 26800 D
0 40 25 5942 3.95 31613 25671 D
4 40 25 6142 4.88 39013 32871 uD
0 20 5 6881 4.25 33960 27079 D
4 20 5 7081 455 36413 29332 D
0 40 5 8442 4.03 32240 23798 D
4 40 5 8642 4.73 37827 29185 D

VC = Vermicompost; TVC = Total variable cost; Ad GY = Adjusted grain yield; GFB = Gross field benefit; NB = Net benefit; D = dominated; UD =

Undominated.

The maximum grain yield is due to high plant height, cob
length, grain numbers per cob, and AGDBY. This is also
supported by the correlation in which grain yield had
highly significant (P < 0.001) and very strong positive
correlations (r = 0.81, 0.78 and 0.81) with AGDBY, NGPC
and CL, respectively (Table 9). This high discrepancy
between the highest and lowest grain yields seems also
to be due to synergistic effects of these treatments. From
Table 6 it is obvious that liming alone did not increase
yield and neither did VC when applied without liming and
chemical P fertilizer. But combined use of lime and VC
almost doubled the yield compared to the control even
without chemical P fertilizer. Also, the effect of chemical
P fertilizer was much greater when integrated with lime
and VC. This is in agreement with reports of Bayu et al.
(2006) and Makinde and Ayoola (2010) who concluded
that high and sustainable crop yields are only possible
with integrated use of mineral fertilizers and OM. Tilahun
et al. (2013) also verified that integrated fertilizers
application gave the maximum grain yield compared to
the control. Similarly, Dilshad et al. (2010) reported that
improvement in yield can be obtained if soil fertility is
maintained through the combined use of organic and
inorganic fertilizers. Furthermore, high doses of VC
increased grain yield since it improved soil
physicochemical and microbial conditions and then
facilitating maize crop growth. This is supported by the
findings of Adrien et al. (2010), who reported that the
application of composted paper sludge led to high maize
yields. Babbu et al. (2015) also reported that the highest

maize grain yield was in treatment having NPK with FYM,
whereas the lowest was in non-treated plots showing the
beneficial effects of manure on crop performance.

Harvest index (HI)

Results of ANOVA revealed that HI was strongly and
significantly (P < 0.001) affected by the interaction effects
of lime, VC, and mineral P fertilizer (Table 6). The highest
mean grain HI (24.4%) was observed in plots treated by
2.5t VC ha™* and 40 kg P ha™ with lime, while the lowest
(13.4%) was observed when only lime was applied
without VC and mineral P fertilizer (Table 6). This might
be due to the increment of the availability of essential
nutrients for crops when the acidic soils were treated by
the integration of VC and mineral P with lime. Along with
this, Hamidia et al. (2010) suggested that mineral P plays
great role for maximum utilization of nutrients in acidified
soils.

Economic return

The production of maize in two different years under
fertilizer management involved different costs that
affected total cost of production based on different
treatments that were applied in the growing seasons
(Table 7). The treatments that received 4 t CaCO; ha™, 5
t VC ha”, and 40 kg P ha® showed the highest total
variable cost of 8642 Birr ha™ followed by 5tha’ of VC
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Table 8. Marginal rate of return analysis of lime, vermicompost and mineral P fertilizer for maize production (2-years data pooled.

Lime (tha') P,O0s(Kgha’) VC(tha') TVC(ETBha') AdGY(tha') GFB(ETBha') NB(ETBha') MRR (%)
0 0 0 - 2.18 17467 17467 -
4 20 0 1921 2.77 22187 20266 146
4 0 2.5 2860 3.13 25013 22153 201
4 20 2.5 4581 4.07 32547 27966 338
4 40 2.5 6142 4.88 39013 32871 314

VC = Vermicompost; TVC = Total variable cost; Ad GY= Adjusted grain yield; GFB = Gross field benefit; NB = Net benefit; MRR = Marginal rate of

return.

and 40 kg ha™ of mineral P with nil lime with total variable
cost of 8442 Birr ha™ (Table 7).

The adjusted average maize yields obtained from a
hectare of land were highest at the rate of 4 t CaCO; ha™,
2.5t VC ha™ and 40 kg P ha™ fertilizer with 4.88 t ha™
followed by 4 t CaCO; ha™, 5t VC ha™, and 40 kg P ha™
fertilizer with 4.73 t ha™, whereas the lowest (2.18 t ha™)
was at the control. The highest net benefit (32871 Birr ha’
!y of maize was obtained at the rate of 4 t CaCOsha™, 2.5
t VC, ha™ and 40 kg P ha™ fertilizer followed by 4 t
CaCO; ha™, 5t VC ha, and 20 kg P ha™ fertilizer with
29332 Birr ha™, while the lowest (17467 Birr ha™) was at
the control as shown in Table 7. This might be due to the
fact that integrated application of organic and inorganic
fertilizers in general and OM such as VC together with
lime in particular improved the economic advantage of
the farmers cultivating acidic soil areas.

Marginal rate of return was analyzed for the treatments

which indicated that the highest is observed at treatment
rates of 4 t CaCO; ha™, 2.5 t VC ha', and 20 kg P ha™
followed by 4 t CaCO; ha™, 2.5t VC ha™, and 40 kg P ha’
! with 338 and 314 Birr, respectively. It seems that liming
alone was not very profitable. The same applies to VC
alone, and chemical P fertilizer alone. The highest
benefits appeared to require combined use of different
additions, and the use of chemical P fertilizer.
Hence, treatment with 4 t CaCOs ha™, 2.5 t VC ha™, and
20 kg P ha™ gave a rate of return above the minimum
acceptable rate of return (50%) considered in this study.
The treatment with 4 t CaCOs ha®, 2.5 t VC ha, and 20
kg P ha™ had also the highest net benefit (27966 Birr ha’
l) next to the treatment of 4t CaCO; ha', 2.5 t VC ha™,
and 40 kg P ha™ with the net benefit of 32871 Birr ha™.
Therefore, treatment with 4 t CaCO3 ha', 2.5 t VC ha™,
and 20 kg P ha™ can be recommended for farmers in the
study area as it can be taken as the best combination for
optimum maize yield offering high marginal rate of return
above the proposed minimum acceptable rate of return of
50 to 100% (CIMMYT, 1988) (Table 8).

Conclusion

Integrated nutrient management mainly use of

vermicompost and mineral P fertilizers with lime has been
getting attention because of its high ability to ameliorate
soil acidity, improve soil fertility and eventually crop yield
sustainably. The results of the study demonstrated that
there was a significant increase in yield and yield
components of maize due to the application of
vermicompost and mineral P fertilizer with lime over the
control. Since maize is a huge feeder of nutrients,
application of high dose of mineral P fertilizer together
with good nutrients sources of vermicompost has
paramount importance in reclaiming soil acidity and
enhancing soil fertility, and improving maize vyield and
yield components. From this study, it is possible to
deduce that integrated application of organic and mineral
fertilizers with lime amended the acidic soils and
improved its fertility which in turn increased crop yields.
Hence, combination of vermicompost at (2.5 t ha™) and
mineral P fertilizer at (20 kg ha™) with lime at 4 t ha™ is
optimum and could be recommended for reclaiming soil
acidity and improve nutrients for maize as it enhanced
grain yield and yield components of maize plant in
strongly acidic soils.
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