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ABSTRACT

Dynamics of entomo-faunal diversity of rice-fields subjected to different agro-chemical inputs during
rainy season in Minna Metropolis was investigated in 2013. The densities of insects collected from rice-
fields during the season ranged from 165 (30.11%) in site C to 211 (38.50%) in site B. Altogether, five
insect Orders, viz; Coleoptera, Odonata, Hemiptera, Decapoda and Orthoptera were encountered
during the period. The result further revealed that rice-field type A is more diverse in terms of species
diversity among the rice-field types sampled, with a Simpson diversity index value of 0.6971.
Furthermore, Shannon winner diversity indices also revealed that rice-field type C where both fertilizer
and herbicide is applied is heavily polluted with an index value of 0.457. On the other hand, Simpson
also revealed that Order Coleoptera is the most mature, stable and diverse insect order among the rice-
field communities sampled, with an index value of 0.631 and the Order Decapoda recorded the least
with an index of 0.364. On the whole, Fisher-alpha diversity indices have placed Order Orthoptera as
the most spatial and temporally distributed order in the rice-field sampled. The findings of this study
have placed the entomo-diversity of rice fields during the season in Minna, as influenced by the
application of agrochemical inputs, in clearer perspective, more so, the finding will help in facilitating
sustainable rice production in Minna and other areas with similar rice farming agronomic practices.
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INTRODUCTION

Rice fields are generally considered as dynamic
and highly disturbed ecosystems as a results of
inherent routine agricultural practices (including
ploughing, drainage, fertilizer and pesticide
applications, harvesting and desiccation brought
about by the wet and dry climate cycles) which
may affect the diversity of the aquatic
community (Che-Salmahet al., 1998).The fauna
of rice fields are dominated by micro-meso and
macro-invertebrates  (especially arthropods)
inhabiting the vegetative, water and soil sub-
habitats. The wet phase of rice fields generally
harbors varied groups of aquatic animals. Those
that inhabit the vegetation are mainly arthropods
such as insects and spiders. More so, many
species of amphibians, reptiles, birds and
mammals from surrounding areas visit rice
fields for feeding and are generally considered

as temporary or ephemeral inhabitants

(Bambaradeniyaet al., 1998).

Rice production and consumption in Nigeria cut
across cultural, religious, ethnic or geographical
boundaries. It is available in five star hotels in
the big cities and towns as well as in the ‘most
local’ of eateriesin the remotest villages
throughout the country. Rice is highly priced
and widely accepted for festivities (Salihuet al.,
2017). Niger state is one of the major rice-
producing states in Nigeria. The state has the
highest average yield (on average 3 tons (t) per
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hectare of paddy) from a relatively limited area
(Salihuet al., 2017).

Agro-chemical practices such as application of
Nitrogenous fertilizer could enhance aquatic
insect larvae population in rice-fields (Yusuf
and Olayemi, 2015). Furthermore, application of
synthetic Nitrogen fertilizers to rice fields could
result in rise in concentration of Ammonia-
Nitrogen and subsequent increase in Nitrate-
Nitrogen level in the rice-field water which can
increase the density of aquatic insects
(Yuanyuanet al., 2016).

Though the use of agro-chemicals such as
herbicide, insecticides and fertilizers, especially
in rice farming is also known to increase yield
per unit area and time (Renato et al., 2011), such
activities have widely resulted in the pollution of
aquatic ecosystems, with particular negative
effects on water quality. Moreby and Southway
(1999) reported loss of diversity resulting from
the  de-structuring of  physicochemical
conditions and alteration of natural dynamics of
biological communities in aquatic ecosystems.
Rice agro-ecosystem provides ideal breading
habitats for aquatic organisms (Salihuet al.,
2017).

Rice farming is indispensable, but it comes with
disadvantages in that it replaces the natural
ecosystem diversity with a monoculture one,
especially as some of the agronomic
requirements of rice farming, impact negatively
on other species in such ecosystem particularly
the insect. Yet, the natural rich diversity altered
by rice farming is needed for species
preservation.Rice is widely grown in Minna and
the impacts on species diversity especially the
insects, have not been investigated, thus making
it difficult to practice sustainable rice farming in
a way to preserve flora and fauna diversity.In
view of this, the research was conducted to
determine dynamics of entomo-faunal diversity
indices of rice-fields subjected to different agro-
chemical inputs during rainy season in Minna
Metropolis.
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METHODOLOGY
Study Area

The study was carried out in Minna, the capital
of Niger State, Nigeria,It is located within
longitude 6°33E and latitude 9°37N,and on a
land area of 88km?and having a population of
about 1.2 million inhabitants. Minna has a
typical tropical climate with mean annual
temperature of 30.2°C, relative humidity of 61%
and rain-fall of 1334mm. The climate in the area
has two distinct seasons: rainy season (April -
October) and a dry season (November - March),
completely devoid of rains. Its vegetation is
typically grass-dominated savannah with
scattered short trees(Olayemiet al., 2009).
Basically, four types of wetland rice ecosystems
are present in Minna, which include irrigated,
rain-fed lowland, upland and wetland rice
ecosystem, with the irrigated rice environment
been the dominant (Akintayoet al., 2011).
Farming is the major pre-occupation of
inhabitants of Minna and the environs, with the
area particularly famous for rice production;
being a staple food of the people.

Selection of Rice Fields Habitats

A questionnaire was administered to farmers to
determine the types and combinations of
agricultural chemical inputs, i.e., chemical
fertilizer, herbicides or both, commonly used in
rice farms in Minna.Thereafter,guided by the
result of the questionnaire test, three types of
rice farming chemical input sites in the two rice
fields categories (i.e., rain-fed lowland and
irrigated ecosystem) were selected, each with
three replicates. The three types of sites were
named: TypeA (rice fields with no chemical
input serving as Control), typeB(rice fields with
only fertilizer application), typeC (rice fields
with  both  fertilizer ~ and  herbicide
application).The sites were widely located at
Fadikpe, Tunga and Chanchaga areas of Minna
metropolis (Fig. 1).
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Figure 1: Map of Minna and Environs show rice field sampling sites

Collection, Preservation and Identification of
Insects Species

During the 2013 rainy season, Subber-sampler
was used for insect specimen collection. The
substratum of flooded rice fields was collected
in the morning hours of 0900-1100hr attwo
weeks intervalduring the months of May and
June. The substratalmaterial was transferred into
plastic bowls and conveyed to the Post Graduate
Laboratory, at the Department of Biological
Sciences, Federal University of Technology
Minna, the available insect were picked with
forceps and preserved in 70% ethanol for
identification (Fred, 2004).ldentification was
done using keys and charts described by
Rawdaet al. (2013); Vaibhao and Varsha, (2011)
and Arimoro, and James (2008).

Data Analysis

Data collected during the study periods were
processedinto percentage a proportion using
EXCEL programme, and Diversity indices was
also computed on the different rice-fields as well
as the insect orders identified using PAST
statistical package for Ecological Studies.

ISSN: 2616-0986

RESULTS AND DISCUSSION

Table 1 Highlight results for percentage insect
densities and distribution in cultivated rice-
fields subjected to various agricultural chemical
inputs, during 2013 rainy season in Minna. The
highest insect density collected from the rice-
fields during the season was 36 (20.93%), 40
(18.95%) and 31 (18.78%) insects per sample
during the third, second and first weeks,
respectively; for rice fields types A, B and C
respectively. The densities of insects were
higher in type B rice fields (i.e., rice field with
fertilizer application) than the other two types of
rice fields (type A and C i.e., where there was no
application of any agro-chemical in input and
where both fertilizer and herbicide were applied,
respectively) during the season. The higher
percentage density could be attributed to the
application of chemical fertilizer to the rice-field
by farmers, and these results is similarto the
work of Lu and Heong (2009), who reported that
rice plants fertilized with high levels of Nitrogen
attract more brown plant-hoppers (BPH) than
nitrogen-poor plants, and also improve the
insect’s survival and reproduction in the field.
Weekly variations in the percentage densities of
insects among the types of rice-fields were
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observed; although such variations were low
between rice-field types A and B in weeks 1 and
3, as well as, types A and B in week 3 and 4.
This variation could be due to differentagro-
chemicalinput practices by the farmers; this is

similar to observation made by Idowuet al.
(2004), who reported that aquatic invertebrates
recorded during his study were influenced by
anthropogenic activities in the area.

Table 1 Weekly Insect density inhabiting rice-fields subjected to various agro-chemical inputs during

2013 rainy season in Minna.

64

Rice Field Weekly Densities (Insect / sample)

Types 1 2 3 4 5 6 Aggregate

A 30 (17.44)* 25(14.53) 36 (20.93) 35(20.35) 17 (19.88) 29 (16.86) 172 (100)
(33.33)** (28.41) (36.00) (35.35)  (20.99) (32.22) (31.39)

B 29 (13.74) 40(18.95) 36 (17.06) 36 (17.06) 38 (18.01) 32 (15.17) 211 (100)
(32.22) (45.45) (36.00) (36.36)  (46.91) (35.56) (38.50)

C 31(18.78) 23(13.94) 28(16.97) 28 (16.97) 26 (15.76) 29 (17.58) 165 (100)
(34.44) (26.14) (28.00) (28.28)  (32.09) (32.22) (30.11)

Aggregate 90 (16.42) 88 (16.06) 100 (18.25) 99 (18.07) 81 (14.78) 90 (16.42) 548 (100)

(100) (100) (100)

(100) ~ (100) (100) (100)

Type A: rice fields with no agro-chemical application; type B: rice fields with fertilizer application;type C: rice

fields with fertilizer and herbicide applications

* are percentage proportion of insect density within a particular type of rice field
** are percentage proportion of insect density across the various rice field types

Table 2: Entomo-fauna Diversity Indices of Rice-fields subjected to different agricultural chemical inputs

during 2013 rainy season in Minna.

Diversity Indices Rice Field Type A Rice Field Type B Rice Field Type C

Taxa (S) 5.000
Simpson (1-D) 0.697
Shannon (H) 1.310
Evenness(e™H/S) 0.741
Menhinick 0.381
Margalef 0.777

5.000 3.000
0.649 0.228
1.168 0.457
0.642 0.526
0.344 0.233
0.747 0.391

Table 3: Aquatic Insect Order Diversity Indices of Rice-fields during 2013 rainy season in Minna.

Diversity Indices  Coleoptera  Odonata

Hemiptera Decapoda Orthoptera

Taxa (S) 3.000 3.000
Simpson (1-D) 0.631 0.571
Shannon (H) 1.047 0.930
Evenness(e"H/S) 0.949 0.845
Menhinick 0.173 0.240
Margalef 0.350 0.396
Fisher_alpha 0.463 0.526
Berger-Parker 0.481 0.525

3.000 2.000 2.000
0.572 0.364 0.500
0.930 0.551 0.693
0.845 0.867 1.000
0.375 0.400 1.000
0.480 0.310 0.721
0.652 0.511 1.592
0.515 0.760 0.500
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Table 2 shows results on Entomo-fauna
diversity indices of rice-fields subjected to
different agricultural chemical inputs during
2013 rainy season in Minna. Of the three typesof
rice fields studied viz: rice fields with no
chemical application i.e type A, rice fields with
fertilizer application i.e., type B and rice fields
with fertilizer and herbicide applications i.e.,
type C. Rice field type A and B has the same
number of species richness though the two are
higher than type C rice field. Taxa (S)index
value 0f5.000, 5.000 and 3.000 respectively.
Simpson Diversity Index is used to assess the
dominance of a community. The index ranges
from 0 to 1, of which mature and stable
communities have high index value i.e., rice
field type A (0.6971) is more diverse in terms of
species diversity among the rice field types even
though they are having the same level of species
richness with type B (0.6497) and type C
recorded the least (0.2288) because low
diversity usually show value close to zero. This
was similar to the report of Dash, (2003).More
s0, Shannon-Winner Indexwhich usually varies
from 0 -5. According to this index, as values
increases the more stable the environment is, i.e
less than 1 are characterized to be in heavily
polluted condition and vice versa, having
recorded 1.31, 1.168 and 0.4573 for rice field
type A, B and C respectively, this implies that
rice field type C is heavily polluted and type A
which has no agrochemical inputs is less
polluted. This is in agreement with the report of
Shah and Pandit (2013) However, Evenness
diversity index ranges between 0 to 1, the closer
the index value is to 0, the more rare species are
present in a community. Therefore, Evenness
diversity indices revealed that rice field type C
recording more rare species than others with
Evenness index value of 0.5266 and type A
recorded least rare species of index value of
0.7411.

Margalef index has no limit value and it shows
variation depending upon the number of species.
Thus, it is used for comparison of the site
(Gorelick, 2006.) and takes only one component
of diversity (i.e., species richness) into
consideration. The advantage of the index is that
it compares the richness of different study sites.
In the present investigation, the value of
Margalef diversity index was between 0.3917 at
rice field type C to 0.7771 at rice field type A.
More so, Mechnick diversity index is like
Margelef index but attempts to estimate species
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richness also. In the present investigation, the
value of Mechnick index ranged from 0.2335 in
rice field type C to 0.3812 in rice field type A.
The low diversity associated with rice field type
C as described by Simpson, Shannon, Margelef
and Maechnick indices, may be attributed to
lesser number of species and environmental
degradation due to regular application of both
fertilizer and herbicide in such habitat, beside
other biotic factors, this is in agreement with the
result of Shah and Pandit (2013), whom
intensively worked on the application of
diversity indices to crustacean community of
Waular lake, Kashmir Himalaya.

Results on aquatic insect order diversity indices
of rice-fields community during 2013 rainy
season in Minna are presented on table 3. The
rice-fields sampled harbored five insect orders
as follows Coleoptera, Odonata, Hemiptera,
Decapoda and Orthoptera. The first three orders
had the same number of richness with Taxa (S)
index value of 3.000 and the last two also had
the same with a Taxa (S) index value of 2.000.
Simpson diversity index revealed that Order
Coleoptera is the most mature, stable and
diverse insect Order in the rice-field community
sampled with an index value of 0.631 and the
least stable and diverse Order is Decapoda with
an index value of 0.364. More so, Shannon
Winner diversity index revealed that Order
Decapoda is heavily affected by the pollution
level in the rice field community while Order
Coleoptera is less affected because they record
the least and highest Shannon index value of
0.551 and 1.047 respectively. Although,
Evenness diversity indices revealed that Order
Orthopterais the least rare species and Order
Hemipterais the rarest species with Evenness
index value of 1.000 and 0.845 respectively.
However, Menhinick diversity index revealed
that Order Orthoptera is richer in terms of
diversity with Menhinick index value of 1.000
and Coleoptera had the least richness with an
index value of 0.173. While Margelef diversity
index was similar to Menhinick with the richest
Order to be Orthoptera and the least was Order
Decapoda with Margelef index value of 0.721
and 0.310 respectively. On the other hand
Berger-parker diversity index was highest for
Decapoda (0.760) and the lowest is Order
Coleoptera (0.481) in the rice-field community,
although the higher the Berger-parker index
value, the higher the diversity and lower the
dominance, which implies that Decapoda has the
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highest diversity with low dominance, which is
contrary to the previous diversity indices of
Simpson, Shannon explained earlier.Although,
Fisher-alpha diversity indices is the only
diversity that revealed spatial and temporal
distribution pattern of species in a community,
during the study period, the highest value of
Fisher-alpha index was 1.592 for Order
Orthoptera and the least was 0.481 for Order
Coleoptera. This simply implies that Order
Orthoptera was having the highest spatial and
temporal distribution, meaning its diversity in
the rice-field community was both with time and
also across the different location in the rice-field
community, while Order Coleoptera might be
concentrated in a particular place and only at a
particular period.This contradicts the fundingsof
Andrea et al (2002) who worked on temporal
and spatial diversity and distribution of
ArborealCarabidae (Coleoptera) in a Western
Amazonian rain forest and placed Coleoptera far
higher than previously thought by many
research report.

Conclusion

Regular application of agrochemicals as one of
the agronomic requirements in rice farming had
an influenceon the distribution and diversity of
insect species in the rice fields. Rice-fields
where both fertilizer and herbicide applications
were practiced recorded the lowest insect
density, as well as, diversity; where no agro-
chemical was applied recorded moderate
density, and was having most diverse insect
population; and rice fields where only chemical
fertilizer was applied recorded the highest insect
density, though with slight lower diversity
compare to rice- field type Aduring the study
period. Therefore, application of herbicide in
rice-fieldscould  affect the  occurrence,
distribution and diversity of insect Orders. The
highest insect densities wereattained by
Coleopteraand the lowest was Orthoptera.
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