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ABSTRACT

Stem borers have been reported as the most injurious insect pests of rice among the insects that
attack rice crop globally. Management of stem borers has been relied on the use of synthetic
insecticides but has been ineffective due to the cryptic nature of the attack, disruption of
environment and unaffordability to purchase insecticides by small- scale farmers. The attempts to
control insects have changed over time from chemicals to natural control methods. Among the
various natural control methods, biopesticides and botanical extracts have received considerable
attention as a viable alternative to chemical pesticides. This study was therefore aimed at evaluating
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the efficacy of fungi based biopesticides and botanical extracts in controlling rice stem borers in
screen house under artificial infestation and in laboratory test condition at the Sokoine University of
Agriculture, Morogoro, Tanzania between March 2017 and January 2018. The experiment was laid
out in a randomised complete block design for screen house trial and a completely randomised
design for laboratory trial. All the treatments in all two trials were replicated four times. The two trials
involved six treatments which includes two commercial biopesticides (Beauveria bassiana and
Metarhizium anisopliae), two botanical extracts (Neorautanenia mitis and Derris elliptica), and one
synthetic insecticide (Amekan 344EC) which was the mixture of (Cypermethrin (144 g/L) +
Imidacloprid (200 g/L)) and untreated control. The results showed a significant influence of
biopesticides and botanical extract in reduction Chillo partellus damage incidences, increased
mortality and increased rice grain yield (p < 0.01). Both biopesticides and botanical extracts reduced
damage incidences from 45% - 64.28% dead heart, 42.01% - 76.19% whitehead and decreased
yield loss from 60.01% - 19.7 % caused by C. partellus. Grain yield of treated samples (4.837 —
6.387 t/ha) with the stem borer mortality rate of 57.51% - 78.12% were higher than 0 - 2.837t/ha
from untreated control plots. The control measures used has shown a great influence on grain yield
due to a reduction of damage incidences and increased C. partellus mortality. The study, therefore,
indicated the possibility of controlling rice stem borers using fungi based biopesticides and botanical
extracts.

Keywords: Botanical extracts; damage incidences; fungi based biopesticides; management; stem

borer and yield loss.
1. INTRODUCTION

Rice (Oryza sativa L), one of the major cereal
crops in the world is attacked by various insect
pests where lepidopteran stem borers have been
reported as the most harmful [1]. About 21
lepidopterans, stem borers have been reported
as an economically important insect pest of
cultivated grasses in Africa including 12
crambids, 7 noctuids and 2 pyralids in which 7 of
them are pests of rice [2]. Rice stem borers in
Africa were primarily reported in West Africa in
1984 where rice crop was cultivated as an
important food crop. In these area four stem
borers were reported, they include African white
borer (Maliarpha separatella Ragot (Lepidoptera:
Pyralidae), African yellow stem borers
(Scirpophaga spp. (Lepidoptera: Pyralidae),
African striped stem borers (Chilo spp.
(Lepidoptera: Pyralidae) and pink stem borers
(Sesamia spp. (Lepidoptera: Noctuidae). These
all are of African origin except for M. separatella
which originated in Asia [3].

In East Africa, at least one species of each
genus have been reported. M. seperatella, S.
calamistis and Chilo partellus Swinhoe in
Tanzania [4-5], C. partellus, M. separatella and
S. calamistis in Kenya [6, 7]) and Chilo spp in
Uganda [8]. Yield losses due to stem borers are
attributed to their progressive feeding at larvae
stage, which had a tunnelling effect in a stem.
When larvae enter the stem, it causes several
destructions including damage on growing point,
early leaf senescence, interference with

metabolite and nutrient translocation which
results to stunting of the plant, stem
breakage, lodging, grain deformity and
ultimately yield loss [9,2]. Different loss estimates
are expected concerning crop type, a country
where the crop is cultivated and stem borer
species. Estimated yield losses due to C.
partellus in Sorghum crop exceed 50% and
70% in Maize in Zimbabwe [10]. In Tanzania,
Maize grain yield loss due to C. partellus of up
to 53% has been reported [11]. For rice
crop, grain yield loss of up to 54% due to
African striped borer has been reported in
Nigeria [12] and up to 100% due to yellow stem
borers have been reported in Kenya, a
neighbouring country with the same climatic
condition like Tanzania [13].

Management of stem borers has been relied on
the use of synthetic insecticides but has been an
ineffective technique due to the cryptic nature of
stem borer attack, disruption of environment and
unaffordability to purchase insecticides by small-
scale farmers [14-15]. The attempts to control
insects have changed over time from chemicals
to natural control methods [16]. Among the
various natural control methods, biopesticides
[17] and botanical extracts [18] have received
considerable attention as a viable alternative to
chemical pesticides. When these natural
methods are used in place of conventional
insecticides they can minimise environmental
pollution, preserve non-target organisms such as
natural enemies and delay insecticide- induced
pest resistance [14].



The study by [19] reported a mass reduction of
stem borers and rice folders in their laboratory
experiment using biopesticide based products
like fungus Metarhizium anisopliae and bacteria
Bacillus thuringiensis (Bt). Also, Teshome and
Tefera [17] have reported M. anisopliae (PPRC-
2, PPRC-14 and PPRC-51), and Beauveria
bassiana (PPRC-GG and PPRC-HH) isolates as
the most virulent biopesticides causing 84.4% to
98.3% mortality to maize weevil (Sitophilus
zeamais) when tested in the laboratory. Further,
the study by Tefera and Pringle [20] testifies the
suppression of foliar damage, reduction of stem
tunnelling and dead heart when the conidial
suspension of M. anisopliae and B. bassiana
isolates was sprayed onto 3 to 4-week-old maize
plants infested with C. partellus larvae in the
screen house. The use of biopesticides will
benefit rice farmers; nevertheless, the efficacy of
M. anisopliae and B. bassiana for rice stem borer
control has not been reported.

The use of botanical extracts in the management
of insect pests as an alternative to synthetic
insecticides have been reported in crop
protection for many centuries [21], but their
potentials have not been fully evaluated. Some
popular botanical extracts such as neem plant
(Azadirachta indica), garlic (Allium sativum) and
ginger (Zingiber officinale) have been used in the
management of post-flowering insect pests in
Nigeria [22]. Neem oil from neem plant has been
reported by Islam et al. [23] as potential control
measures against yellow stem borer damages in
rice crop. On the other hand, Mulungu et al. [24]
have reported the potential of Neorautanenia
mitis in controlling bean bruchid (Zabrotes
subfasciatus Boh) whereas Muro [25] has
reported an increase in mortality of melon fly
(Bactocera cucurbitae concuillet) when using
Derris elliptica extracts. The potential of these
effective botanicals in controlling the rice stem
borers has not been reported. The current study
reports on the efficacy of two commercial fungi
based biopesticides (M. anisopliae and B.
bassiana) and twobotanical water extracts (N.
mitis and D. elliptica) in the control of rice stem
borer.

2. MATERIALS AND METHODS
2.1 Description of the Study Site

The study was conducted in screen house under
artificial infestation and in the laboratory at the
Sokoine University of Agriculture in Morogoro
region located at Latitudes 6°56'S, Longitudes
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35%37'E and Altitude of 525 m.a.s.l. from March
to December 2017.

2.2 Evaluation of Fungi Based
Biopesticide and Botanical Extracts
against Chilo partellus in Screen
House

2.2.1 Rice planting

The rice variety TXD 306 (a low land variety
which is commonly grown by many farmers and
susceptible to stem borers) was used. The
treatment plots size was 4 m*> (2 m x 2 m).
Dibbling of seeds was done at 2 seeds per hole
and later thinned to one seedling per hill at 14
days after planting. All necessary field
management practice such as weeding and
application of fertiliser were done as required.
Fertilisers with nitrogen (N) in form of UREA,
Phosphoras (P) in form of Triple supper
phosphate and Potassium (K) in form of Muriate
of potash (MOP) were applied at the rate of
80:40:40 as described by Mghase et al. [26].

2.2.2 Treatments

The experiment involved four treatments and two
controls. The treatments include: two commercial
biopesticides (Beauveria bassiana (Bals.) Vuill
and Metarhizium anisopliae (Metsch.) Sorok),
obtained from the Real IPM company (Arusha),
and two botanicals (Neorautanenia mitis (A.
Rich.) Verdc.) collected from Makambako and
Derris elliptica (Wall.) Benth.collected from
Handen Tanga Tanzania. The synthetic
insecticide (Amekan 344EC) which was a
mixture of (Cypermethrin (144 g/L + Imidacloprid
200 g/L) purchased from the local agro-vet shop
in Morogoro, Tanzania, used as a positive control
(treated control). Rice plot which received neither
the biopesticides, botanical extracts nor
insecticide served as untreated control (negative
control). The experiment was laid out in a
randomised complete block design (RCBD) with
four replications.

2.2.3 Preparation of botanical extracts

Fresh roots of D. elliptica and N. mitis were
washed with running tap water to remove soil
materials, and rinsed with sterile distilled water
(SDW) for three times. Samples were then
chopped into small pieces and placed on
benches at room temperature and allowed to dry
for 3 to 4 weeks [27]. The dried materials of each
plant species were made into powder separately



using grinding machine at the Animal Science
Department laboratory of the Sokoine University
of Agriculture, then sieved with 1 mm sieve. The
plant powder material was then packed
separately in waterproof plastic bags well
labelled and stored at 4°C until used [28]. Crude
plant extracts were obtained by infusing 50 g of
plant material in 100 ml sterile distilled water
(SDW) to give 50% w/v in a 500 ml conical flask
and the mixture was kept at 25°C-28°C for 20
hours [29]. The infusion was then filtered
separately through sterile  double-layered
cheesecloth into a sterile 400 ml beaker and the
resulting stock solution was ready for use [29]. A
solution of bar soap obtained by dissolving 50 g
in 250 ml of distilled water was also prepared to
be used as sticker [30]. The solutions were used
within the same day to avoid degradation of
chemical ingredients.

2.2.4 Preparation of biopesticides and

synthetic insecticide

The commercial biopesticides and synthetic

insecticide were prepared following
manufacturers recommendation shown on the
label. The recommendation rates for M.

anisopliae and B. bassiana was 1 ml/L whereas
that of synthetic insecticide (Amekan 344EC)
was 0.25 ml/L. These were prepared and used
the same day of preparation.

2.2.5 Infestation of rice in screen house

Egg mass of C. Partellus was collected from
insectary unit of the International Centre of Insect
Physiology and Ecology (ICIPE), Kenya. The
eggs masses were them placed in plastic
containers with perforated lids at the top, lined
with moist tissue paper inside and incubated at
28°C temperature at the Sokoine University
Laboratory for two days to allow hatching prior
seedling infestation. Using camel hair brush,
each individual plant seedling of about 21 days
old were infested with 10 neonate larvae of C.
partellus. Infestation of plants was repeated 35
days after planting (2 weeks after the first
infestation) to ensure sufficient damages to all
treatments. Infested plants were left for about 3
days prior spraying to allow the insects to settle
to natural condition [31].

2.2.6 Treatment application

Each botanical extracts (N. mitis and D. elliptica)
were applied at the rate of 20 ml/L which
includes 10 ml of crude plant extract and 10ml of
sticker material (bar soap solution). The dosage

January et al.; JAERI, 15(4): 1-16, 2018; Article no.JAERI.44015

was chosen based on [32-33] reports on the
preparation of botanicals extracts for insect pest
control. The two biopesticides (M. anisopliae and
B. bassiana were applied at the rate of 1 ml/l
and that of synthetic insecticide at the rate of
0.25 ml/l which were both according to the
recommendations on label as per the manu-
facturers.

A hand sprayer of about 2 L in volume was used.
Sprayer calibration was done to determine the
amount of solution required to cover the
treatment area by filling the sprayer with water
and spray an area of 2 m x 2 m which was
equivalent to the treatment area. The amount of
water required to cover the entire treatment area
was measured and the time was recorded. About
0.5 L was enough to cover the entire treatment
area. This amount of spray (0.5 L) was again
retested to the same area to find out the amount
of spray which remains in the sprayer after
spraying. The remaining amount was measured
and added as additional to 0.5L of each
treatment during application. The nozzle was
adjusted accordingly to avoid wastage of
chemicals. Spraying was done thrice (3, 21 and
42 days after infestation) to the respective
treatment plots except for untreated control
which was sprayed with water and sticker
solution only. Spraying was done by targeting on
runoff points of the leaves.

2.2.7 Data collection and analysis

Data for growth parameters (plant height and the
number of tillers per hill for both infested and un-
infested) was taken during the mid-grain filling
stage of the rice crop in a 1 m?’ area sampled in
every treatment plot. Plant height was measured
as the distance from the soil level to the base of
the flag leaf using a ruler. At harvest, a number
of panicles and number of whiteheads were
counted. Harvesting was done in every treatment
plots from 1m? sampled areas for infested hills
and un-infested hills separately for easy
estimation of yield losses. Grain yield (t/ha) was
calculated based on the harvested unit area at
14% moisture content.

The incidence was calculated using formula as
described by Suresh et al. [34] as follows;

Stem borer incidence %

_ Number of dead hearts or white heads

Total number of productive tillers
Percentage increase or reduction in damage
incidences were calculated using the formula;



[ =——X100
A

Where; | = percentage increase or decrease of
the damage incidence, A = Incidence of the
control treatment and B = Incidence of individual
treatment.

The yield losses were also estimated using the
method of Rahman et al. [35];

YP - Yo
L:

X100
YP

Where; L = percentage vyield loss due to borer,
YP = Yield per m? based solely on un-infested
plants in the sampling area and Yo = Yield per
m? based on both infested and non-infested
plants in the sampling area. Percentage data
were tested for normality and found not normally
distributed and therefore arcsine transformed
prior to analysis.

The collected data were subjected to R statistical
software for analysis. Significant differences
among means were separated using the Student
Newman Keuls (SNK)at p < 0.05 level of
significance. The analysis model was according
to Gomez and Gomez [36] for RCBD i.e yij = y
+Ti + Bj + Eij; where Yij = Response, y= mean, Ti
is the i treatment effect, Bj is the jth block effect,
and Eij is the random error of the observation.
Regression analyses were performed using
Microsoft Excel to see the relationship between
damage incidences and rice grain yield.

The daily temperature and relative humidity (RH)
in the screen house were recorded throughout
the experimental period. The recorded mean
temperature and RH was ranged from 20°C-
31°C and 60% respectively. The Temperature
and RH were suitable for fungal and insect
growth and disease development [37].

2.3 Effectiveness of Fungi Based
Biopesticides and Botanical Extracts
against C. partellus in Rice

2.3.1 Insect colony

Egg mass of C. partellus initially collected from
insectary unit of the International Centre of Insect
Physiology and Ecology (ICIPE) were placed in
plastic containers with perforated lids at the top,
lined with moist tissue paper inside and
incubated at 28°C temperature at the Sokoine
University Laboratory for two days to allow
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hatching. The first instar larvae were then reared
on an artificial diet according to Tefera et al. [38].
The composition of the diet was, common bean
powder 650 g, brewer’s yeast 43 g, glucose 50 g,
methyl paraben 8.5 g, ascorbic acid 11 g, sorbic
acid 6 g, 3000 ml distilled water, 57 g of agar
technology and 12.5 ml of formaldehyde. About
500 larvae were maintained on 250 g diet in a
plastic bottle (5 cm x 11 cm). The plastic bottles
containing the larvae in diet were then covered
with perforated lids at the top and placed on
benches at the Sokoine University of Agriculture,
Entomology Laboratory at room temperature for
larvae to grow. The newly moulted third instar
larvae were fed with pieces of rice stem for 3
days before infestation, so that they become
used to the natural conditions [31].

2.3.2 Bioassays

An experiment was conducted in Entomology
laboratory at the Sokoine University of
Agriculture aimed at evaluating the effectiveness
of two commercial fungi based biopesticides (M.
anisopliae and B. bassiana), two botanical
extracts (N. mitis and D. elliptica), one synthetic
insecticide, Amekan 344 EC (mixture of
Cypermethrin (40 g/l) + immidacloprid (200 g/l))
which served as treated control and one as
untreated control. Thirty third-instar C. partellus
larvae were placed in 9 cm diameter Petri dishes.
The larvae were treated with 3ml of each
treatment using laboratory spray tower. The
larvae in untreated controls were sprayed with
3mil of distilled water which contains neither the
biopesticides or botanical extracts nor the
insecticide. Petri dishes containing treated and
control insects were sealed with masking tape
and incubated at 25°C = 1°C. All treatments and
their controls were replicated four times arranged
in a completely randomised design. The treated
insects and controls were provided with pieces of
rice stem daily after frass and debris had been
removed. The whole experiment was repeated in
7 batches. The mortality was recorded every day
for 7 days in such a way that every batch is
recorded and discarded once every day for every
treatment. Mortality data were corrected for
control mortality according to Abbott [39] as
follows;

n in T after treatment

Corrected mortality % = (1 - )*100

n in CO aftertreatment

Where: n = insect population, T = treatment, CO
= control
3. RESULTS



Table 1 summarises the ANOVA results for the
effect of rice stem bores on rice yield and
yielding components when treated with and
without fungi based biopesticides and botanical
extracts. Fungi based biopesticides and botanical
extracts applications differed significantly (p <
.001) in all measured variables except on the
number of tillers and a thousand seed weight.

3.1 Effects of Fungi Based Biopesticides
and Botanical Extracts on Rice
Growth and Incidence of Rice Stem
Borers

The effects of fungi based biopesticides and
botanical extracts on the growth and incidence of
rice stem borers in rice are summarised in Table
2. Biopesticides and botanical extracts
application had a significant (p < .01) effect on
plant height, dead heart (DH) and white head
(WH) incidences. Plots with high pest incidences
had shorter plant and reduced number of tillers.
There was no significant difference in plant
height on plots treated with Amekan 344EC and
M. anisopliae (p >.05). These plots had taller
plants than height measured in other treatments.
Shorter plants were observed in plots treated
with D. elliptica and untreated control.

The incidence of 20% DH observed in untreated
control were significantly (p < .001) higher than 4
to 5% in other treatments. The percentage
incidence of 17% WH was in untreated plots. The
percentage was higher than 1 to 4% observed in
plots treated with biopesticides, botanical
extracts and Amekan 344EC. However, the
efficacy of these treatments varied significantly.
Application of Amekan 344EC and M.
anissopliae were more effective in reducing the
incidence of WH than the other (Table 3). The
percentage reduction of dead heart and white
head damage were respectively ranged from 45 -
64 and 42.01 -76.19.

3.2 Effect of Botanical Extracts and
Fungi Based Biopesticides on Rice
Yield and Yielding Components

The effects of treatments on rice yield and
yielding component are respectively summarised
in Fig. 1 and Table 4. Significant variation in
panicles/m* and number of whiteheads/m” were
observed among different treatments (p < .001)
except for 1000 grain weight which was
insignificant (p = 0.165). The number of panicles
varied significantly (p < .001) among treatments
(Table 4). Plots treated with Amekan 344EC and
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M. anisopliae had many panicles than the others.
Except control, other plots had an average
number of panicles that ranged from 137 to 158.
These plots had a smaller number of white heads
incidences than in untreated control.

Rice grain yield in botanical extracts, Amekan
344EC and fungi based biopesticides treated
plots differed significantly (p < .01) (Fig. 1). Grain
yield ranging from 4.837 — 6.387t/ha recorded in
either botanical or fungi based biopesticides
treated plots were higher than 2.837tha
recorded in un-treated control plots. Yield
potential was in the order of Amekan 344EC (t
ha'1) > M. anisopliae (t ha'1) >B. bassiana (t h'1)>
N. mitis (t ha™')> D. elliptica >Control (t ha™).

3.3 Relationship between Damage
Incidences, Grain Yield and 100 Grain
Weight

Figs. 2 and 3 summarise the relationship
between rice stem borer damage incidences, rice
grain yield and 1000-grain weight in plots with
and without control measures. Grain yield and
1000 seed weight had a significant negative
relationship with stem borer damage incidences.
Their negative association was confirmed by low
grain yield and 1000 seed weight in plots with
greater dead heart and whitehead incidences,
which had a significant contribution on grain
weight reduction.

3.4 Percentage Yield Loss Due to Stem
Borer (C. partellus) on Rice Crop
Treated with Different biopesticides
and Botanical Extracts

There was a significant difference in yield loss
due to C. partellus in plots treated with different
fungi based biopesticides (M. anisopliae and B.
bassiana) and botanical extracts (N. mitis and D.
elliptica) as compared to their untreated control
(p < .001) (Table 5). The yield loss due to C.
partelus in fungi based biopesticides and
botanical extracts ranged from 19.7%-32.23%.
This was lower than 60% recorded from
untreated control. Plots treated with B. bassiana
recorded the lowest yield loss followed by M.
anisopliae, N. mitis and D. elliptica incomparable
with untreated control. The regression analysis
shows a positive relationship between yield loss
and stem borer damage. Increase in dead heart
or whitehead damage incidences leads to an
increase in yield loss (Fig. 4).
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Table 1. Mean squares and significance tests of the effect of fungi based biopesticides and botanical extracts in rice stem bores management

Analysis of variance DF PH NT DHC WHC DH WH NP NWH GW Yield Loss
Replications 3 3.053 8.84 13.41 3.05 1664.9 90.7 60.4 0.5584 0.57 57.86
Treatments 5 144.89** 7.83™  167.801** 144.89** 1432.70** 1879.70** 2274.80** 10.45** 0.51™ 1713.68**
Error 15 3.429 7.585 6.671 3.429 178 157.4 276 0.3916 0.2747 33.53
Total 23

Notes: DF=degrees of freedom; PH= plant height; NT= number of tillers;
DHC = deadheart incidences; WHC = whitehead incidences; DH = number of dead heart; WH= number of whitehead; NP=number of panicles;
NWH = number of whitehead; GW = 1000 grain weight and YL = yield losses.
**Significant difference at 0.01 probability level;, and ns = non-significant difference at 0.05

Table 2. Effectiveness of biopesticides and botanical extracts on growth parameters and damage caused by C. partellus in rice crop under
artificial infestation in screen house

Treatment Dosage Plant height *SE No. of tillerstSE DH incidence%*SE WH incidence%*SE
Amekan 344EC 130+ 1.87c 5+1.2a 4+1.5a 1+0.71a

M. anisopliae 1mil/L 125+ 1.9bc 6+1.2a 4+1.5a 1+£0.71a

B. bassiana 1mil/L 123+1.9b 6+1.2a 4+1.5a 3+0.71ab

N. mitis 10mil/L 119 £ 1.9ab 7+1.2a 5+1.5a 4+0.71b

D. elliptica 10mil/L 118 £ 1.87a 6+1.2a 4+1.5a 3+0.71ab

Control (Untreated) 115+ 1.87a 9+1.2a 20+1.5b 17 +£0.71c

P-value <.001 0.434 0.003 <.001

(oA 1.5 11.3 22.1 14.1

SE-= standard error, C. V.= Coeffient of variation, DH = dead heart, WH = white head. Means followed by the same letters are not significantly different (P > 0.05) using Student
Newman Keuls (SNK).
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Table 3. Effects of biopesticides and botanical extracts on dead heart and white head damages
reduction caused by Chilo partellus on rice crop over the control

Treatment % <DHD * SE %<WHD * SE
Amekan 344EC -64.28 + 1.6a -76.19 + 3.89b
Metarhizium anisopliae -60.62 + 1.6a -70.70 £ 3.89b
Beauveria bassiana -61.86 + 1.6a -51.17 + 3.89a
Neorautanenia mitis -53.14 + 1.6a -49.28 + 3.89a
Derris elliptica -45.00 = 1.6a -42.01 £ 3.89a
Control (Untreated) +100 %1.6b +100 £ 3.89c
Fis 9.35 5.80

P-value <.001 <.001

CV 26 6

DHD = dead heart damage, WHD = Whitehead damage, SE= standard error and C. V= Coeffient of variation. %
Reduction / increase of DHD or WHD were calculated using the Control mean data of Dead heart or White head
as 100% incidence. Negative sign (-) indicates % of reduction while positive sign (+) indicates % of increase in
dead heart or whitehead. Means followed by the same letters are not significantly different (p > 0.05) using
Student Newman Keuls (SNK)

Table 4. Effects of biopesticides and botanical extracts on yield components of rice crop
infested with C. partellus

Treatment Dosage Panicles/m? White heads/m®> 1000 grain weight(g)
Control (Untreated) - 119+ 3.2a 33.5+0.305d 28.07 £ 0.308a
Deris elliptica 10 mil/L 137 £ 3.2ab 7.5 +£0.305¢c 28.98 £ 0.308ab
Neorautanenia mitis 10 mil/L 153 £ 3.2bc 5.25+0.305abc 28.63 + 0.308a
Beauveria bassiana 1 mil/L 158 £ 3.217bc 5.75 + 0.305bc 28.9 + 0.308ab
Metarhizium anisopliae 1 mil/L 172.2 +3.217cd 2.75 £ 0.305ab 28.88 + 0.308ab
Amekan 344EC 0.25mil/lL 184.5+3.217d 7.5+0.305a 29.63 £ 0.308b
Mean 153.6 11.5 25

Fis 8.24 26.67 1.84

P- value <.001 <.001 0.165

CV 2.1 11.5 12.4

SE = standard error, C. V.= Coeffient of variation. Means followed by the same letters are not significantly
different (P>0.05) using Student Newman Keuls (SNK)
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Table 5. Percentage yield loss due to C. partellus on rice crop treated with different
biopesticides and botanical extracts

Treatment Dosage Yield loss % * SE
Control (Untreated) 60.01 £ 3.11e
Deris elliptica 10 mil/L 32.23 £ 3.11d
Neorautanenia mitis 10 mil/L 27.58 + 3.11cd
Beauveria bassiana 1 mil/L 19.7 £ 3.11c
Metarhizium anisopliae 1 mil/L 10.69 £ 3.11b
Amekan 344EC 0.25 mil/L 0+3.11a
Mean 25

Fis 51.1

P-value <.001

C.v 12.4

Yield loss was calculated based on the yield of
synthetic pesticide Amekan 344EC
(Cypermethrin+timmidacloprid) which was a
treated control. Means followed by the same
letters are not significantly different (P > 0.05)
using Student Newman Keuls (SNK).

3.5 Effects of Treatments on Stem Borer
Mortality

There were significant differences in mean
mortality (F =5.18; p < .01) of stem borers (C.
partellus) treated with different botanical extracts



and fungi based biopesticides for 7 days (Table
6). The mortality rates of stem borer larvae
ranged from 57.51%-78.12%. The highest mean
mortality was recorded in M. anisopliae and B.
bassiana followed by N. mitis and D. elliptica
treated stem borer larvae which were closer to
synthetic insecticide.

4. DISCUSSION

The findings of this study exhibited a clear effect
of fungi based biopesticides (M. anisopliae and
B. bassiana) and botanical extracts (N. mitis and
D. elliptica) in the reduction of stem borer
incidences as compared to their untreated
control. This provides evidence for the
potentiality of using these biopesticides and
botanical extracts in controlling stem borers.
Similar findings were reported by Chatterjee and
Mondal [40] on the efficacy of fungi based
biopesticides (B. bassiana and B. thuringinensis)
and botanical extracts (Azadirachta indica) where
rice yellow stem borer (Scirpophaga incertulas
Walker) dead heart incidence was reduced by
57.3-62% using M. anisopliae and 3.48-4.44%
by using A. indica extracts.

A significant influence of stem borer damage
incidences to plant height and number of
productive tillers per plant in different treatment
indicated the variation in efficacy of these
treatments in pest management. Reduction of
plant height and number of tillers in treatments
with higher infestations is attributed to the
interference of this pest on both metabolic
activity and physiology of the plant. The pest was
found to feed on the inner part of the stem and
affected nutrients uptake, water movement and
thus the process of photosynthesis. The
influence of stem borer infestations on the
reduction of plant height is in line with the
previous studies [41,42]. These studies reported
plant height reduction due to M. separatella
feeding at tillering stage of the rice crop. The
number of tillers was observed to increase as
stem borer infestation rates increased probably
due to the ability of the rice crop of being able to
compensate for the lost tillers at the early stages
of stem borer infestation. This agrees with the
studies by Van Den Berg et al. [43] and Sylvain
[44], who stated that more stem borer attack can
result into the formation of additional tillers.
Further, the study by Kega et al. [13] suggested
that enhancing plant compensation mechanism
to stem borers damage may be a better
approach for the management of stem borer than
using insecticide.
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Fungi based biopesticides (M. anisopliae and B.
bassiana) and botanical extracts (N. mitis and D.
elliptica) were found to possess a lethal effect
that can be used to control rice stem borers. The
comparable but significantly higher grain yield
was produced by the treated than untreated
control showing that fungi based biopesticides
controlled rice stem borers as efficiently as
chemical insecticides. The findings are
consistent with the study by Chatterjee and
Mondal [40] who reported an increase in rice
yield using bio- rational insecticide like M.
anisopliae, B. thuringiensis and B. bassiana in
management of yellow stem borer (Scirpophaga
incertulas Walker) as compared to untreated
control and suggested it to be used as alternative
to conventional synthetic organic insecticides
by incorporating it in an integrated pest
management programme.

Similarly, higher yield return recorded in plots
treated with N. mitis and D. elliptica
extracts indicated that plant extracts are also
potential in managing stem borer problem
remedy. Related findings on the potentiality of
these botanical extracts used under this study
are such as the study by Mulungu et al. [24]
for bean bruchid (Zabrotes subfascialatus)
control in stored common beans (Phaseolus
vulgaris L.) using N. mitis and that of [25]
for melon fly (Bactocera cucurbitae Coquillett)

control in  watermelons using extracts
of D. elliptica. Botanicals may, therefore,
include in an integrated pest management

programmes for the management of stem borers
in rice crop.

Low vyield losses in plots treated with
biopesticides, botanical extracts, and synthetic
insecticide as compared to untreated control are
in line with findings by Muralidharan and Pasalu
[45] who reported high rice yield losses of up to
95% in treatments without any control
measures as compared to protected plots.
Similarly, the study by Way et al. [46]
reported rice yield losses of 60% due to
stem borers damage in the unprotected field in
Texas. A positive relationship between yield loss
and stem borer damage incidences was
recorded under this study which is consistent
with the findings of Sherawat et al. [47] who
reported that rice vyield losses were highly
contributed by increased dead hearts and
whiteheads. Further, the study by Krishanaiah
[48] reported that for every per cent increase in
whitehead incidence in rice crop leads to 1.3%
grain yield loss.



Table 6. Effect of treatments on insect mortality
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Treatments Mortality rates (%) in different days * SE Mean * SE
Day 1 Day2 Day 3 DAY 4 Day 5 Day 6 Day 7

CONTROL 0+23a 0+24a 0+9.3a 0+13.8a 0+3.8a 0+2.6a 0+3.8a 0t4a

D. elliptica 35+23b 39+24b 50.4 + 9.32b 46 +13.8b 74 £ 3.8b 78 £ 2.6b 80 £ 3.8b 58 + 4b

N. mitis 41 + 23bc 45+ 2.4b 60.41 £ 9.3bc 55 + 13.8bc 86 + 3.8¢ 94 + 2.6¢ 95 + 3.8¢ 68 t 4c

B. bassiana 42+23bc  53+24c 68.33 £+ 9.3c 70 + 13.8cd 91 + 3.8cd 95 + 2.6¢ 100 + 3.8c 74 + 4cd

M. anisopliae 47 £ 2.3c 62 +2.4d 76.31+£9.3c 82 +13.8cd 97 + 3.8d 100 + 2.6¢ 100 + 3.8c 78 + 4d

Amekan 344EC 76 +2.3d 92 + 2.4e 93.71+£9.3d 98 + 13.8d 100 + 3.8d 100 + 2.6¢ 100 + 3.8c 94 + 4e

Mean 40.2 48.73 58.2 58.5 74.7 78.2 78.7 62.02

Fis 1.1 1.59 5.77 7.15 3.69 1.31 1.7 5.18

P-value <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

CV 5.8 5 15.9 23.5 5.1 3.3 4.9 9.07

SE = standard error, C. V = Coeffient of variation. Means followed by the same letters are not significantly different (P>0.05) using Student Newman Keuls (SNK).
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The vyield losses were due to an existence of
negative correlation among grain yield and stem
damage incidences. Stem damages occur when
the larva tunnels the stem and makes internal
feeding of the plant tissue where it interferes with
soil nutrients and water uptake [49]. When this
occurs during early stages of rice development, it
results into drying of the central shoot (dead
heart) which prevents panicle initiation and when
occurs after panicle initiation, it can result into
development of empty spikelets (white head)
which consequently lead to grain vyield
disadvantage. The damage done by stem borers
by tunnelling leads to a reduction of grain yield is
parallel with the study by Singh et al. [50] who
reported that loss of maize grain due to stem
tunnelling was greater than losses incurred due
to leaf feeding. Furthermore, the negative
correlation of stem borer damage with yield and
yield components is in line with studies by Kega
et al. [13], Litsinger et al. [51], Asghar et al. [52]
who describes grain yield to decreases with
increasing stem borer infestation.

Findings of this study prove the efficacy of
botanicals (N. mitis and D. elliptica) extracts in
managing stem borer damages in rice. This
protection can occur through repellent action of
the extracts as insect ingests in attempting to
feed on the crop leaves and for their larvae
picking up the residues sprayed on leaves during
spray or through foraging behaviour which
ultimately suffer through feeding inhibition or high
mortality, resulting in reduced crop damage [14].
Fungi based biopesticides have also been
proved under this study as the potential remedy
for rice stem borer control through reduction of
stem borer damage incidence and high mortality
of stem borer larvae. The fungi based
biopesticides can affect the host as the insect
cuticle comes in contact with the fungi during
spray or during larvae movement. The fungi can
then adhere to the host cuticle, germinates, form
appressorium which penetrates to the insect
body, colonise the haemolymph, extrudes and
sporulates which finally lead to the death of the
host [53]. High mortality rates of stem borer
larvae were recorded in B. bassiana and M.
anisopliae treated insects which were parallel
with findings of Tefera [31], Terefe et al. [54] who
respectively reported high mortality of C.
partellus and S. calamistis larvae treated with
natural isolates of B. bassiana and M. anisopliae
under controlled conditions.

Generally, the present
potentiality of fungi

study reveal the
based biopesticides (M.
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anisopliae and B. bassiana) and botanical
extracts (D. elliptica and N. mitis) as natural
insecticides in the control of rice stem borers as
an alternative to synthetic insecticides. Rice grain
yield increase in fungi based biopesticides and
botanical extracts treated plots substantiates the
potentiality of these natural insecticides. Stem
borer infestations result in economic damage to
rice crop in many African countries especially for
small- scale farmers due to little knowledge on
insecticide safety use and/or insecticides been
very expensive. Therefore ideal stem borer
control strategy that would suit the economy of
rice cultivation at the smallholder sector level is
the use of natural insecticides by including them
in integrated rice stem borer management. Since
the results from this study were obtained from
the controlled environment, further studies under
field conditions using the substances obtained
from this study is important. This should be
accompanied with studies on factors contributed
to the production of more tillers in rice infested by
stem borers.

5. CONCLUSIONS

The study was conducted to assess the efficacy
of fungi based biopesticides (M. anisopliae and
B. bassiana) and two botanicals (D. elliptica and
N. mitis) in controlling rice stem borers. It was
found that the use of biopesticides and
botanicals were effective as chemical
insecticides in controlling stem borer incidences.
The highest grain yield and high stem borer
mortality rates were recorded in plots treated with
fungi based biopesticides and botanicals extracts
indicating their potentiality in controlling rice stem
borer. Future studies should rely on evaluating
the active ingredients of the two botanicals used
that can be made available to farmers. The
availability of two biopesticides used or their
relatives in natural habitats as potential for stem
borer control should further be studied.

AKNOLEDGEMENTS

This study was made possible through support
provided by the Feed the Future Collaboration
Research on IPM Innovation Lab of the US
Agency for International Development, under the
terms of grant No. AID-OAA-L-15-00001.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

12



REFERENCES

1.

10.

Sarwar M. Effects of potassium fertilization
on population build-up of rice stem borers
(lepidopteron pests) and rice (Oryza sativa
L.) yield. Journal of Cereals and Oil seeds.
2012;3(1):6-9.
Available:https://dx.doi/10.5897/JCO11.04
1

Kfir R, Overholt WA, Khan ZR, Polaszek A.
Biology and management of economically
important lepidopteran cerial stem borers
in Africa. Annual Revew of Entomology.
2002;47:701-31.
Available:https://doi.org/10.1146/annurev.e
nt0.47.091201.145254

Nwilene FE, Sanyang S, Traore AK, et al.
Rice Stem Borers: Biology, ecology and

control — Field Guide and Technical
Manual. Africa Rice Center, Cotonou,
Benin; 2009.

Banwo OO. Management of major insect
pests of rice in Tanzania. Plant Protection
Science. 2002;38(3):108-113.
Available:https://doi.org/10.17221/4860-
PPS

Leonard A, Rwegasira GM. Abundance
and spatial dispersion of rice stem borer
species in Kahama, Tanzania. Journal of
Insect Science. 2015;15(1):132.
Available:https//doi.dx.10.1093/jisesaliev1
06

WARDA. Medium term plan for 2007 -
2009. Charting the future for rice in Africa.
Africa Rice Centre, cotonou, Benin. 2006;
13-14.

Mailafiya DM, Le Ru BP, Kairu EW, Dupas
S, Calatayud PA. Parasitism  of
lepidopterous stem borers in cultivated and
natural habitats.Journal of Insect Science.
2011;11:15.
Available:https://doi.org/10.1673/031.011.0
115

Harris KM. Bio ecology and Chilo species.
Insect Science Application. 1990;11:467—
77.

Bosque-P’erez NA, Mareck JH. Effect of
the stem borer Eldana saccharina
Lepidoptera: Pyralidae) on the yield of
maize. Bulletin of Entomology Research.
1991;81:243-47.
Available:https://doi.org/10.1017/S000748
5300033496

Seshu Reddy KV. Assessment of on-farm
yield losses in sorghum due to insect

1.

12.

13.

14.

15.

16.

17.

18.

January et al.; JAERI, 15(4): 1-16, 2018, Article no.JAERI.44015

pests. Insect Science Application. 1988;
9:679-85.

Available:https://doi.org/10.1017/S174275
8400005531

Mgoo VH, Makundi RH, Pallangyo B,
Schulthess F, Jiang N, Omwega C. Yield
loss due to the stemborer Chilo partellus
(Swinhoe) (Lepidoptera: Crambidae) at
different nitrogen application rates to
maize. Annals Society Entomology of
France. 2006;42:3-4.

Available:https://doi.org/10.1080/00379271
.2006.10697483

Ukwungwu MN, Odebiyi JA. Yield losses in
resistant and susceptible varieties of rice in
Nigeria due to Chilo zacconius and other
stem borers. International Journal of Pest
Management. 2008;30:3.

Kega VM, Okebayo F, Kasina M, Nderitu
JH. Assessment of yield loss caused by
the African white rice stem borer
(Maliarpha separatella Rag (Lepidoptera:
Pyralidae) at Mwea irrigation scheme,
Kirinyaga County, Kenya. Journal of
Entomology. 2016; 13:19-25. Available:
https://doi.org/10.3923/je.2016.19.25

Ogah EO, Omoloye AA, Nwilene FE,
Nwogbaga AC. Effect of neem seed kernel
extracts in the management of rice stem
borers in the field in Nigeria. Nigerian
Journal of Biotechnology. 2011;23:13-21.

Prasad SS, Gupta AK. Compatibility of
new insecticides and fungicides against
stem borer and leaf blast on semi-deep
water rice. Crop Research. 2012;43(3):
197-200.

Shahid AA, Rao AQ, Bakhsh A, Husnain T.
Entomopathogenic fungi as biological
controllers:  New insights into their
virulence and pathogenicity. Achieves of
Biological Science Belgrade. 2012;64(1):
21-42.

Available:https://doi.org/10.2298/ABS1201
021S

Teshome A, Tefera T. Susceptibility of
Sitophilus zeamais (Mostch.) (Coleoptera:
Curculionidae) to Beauveria bassiana and
Metarhizium anisopliae. Ethiopian Journal
of Science. 2009;32(1):21-28.

Mulungu LS, Ndilahomba B, Nyange CJ,
Mwatawala M, Mwalilino JK, Joseph CC,
Mgina CA. Efficiency of Chrrysanthemum
cinerariaefolium, Neurautanenia mitis and
Gnidiakra ussiana against larger grain
borer (Prostephanus truncates Horn) and




19.

20.

21.

22.

23.

24.

25.

26.

maize weevil (Sitophilus zeamays L.) grain
seeds. Journal of Entomology. 2011;8:81-
87.

Available:https://doi.org/10.3923/je.2011.8
1.87

Shahid AA, Nasir IA, Zafar AU, Sumrin A,
Chaudhry B, Riazuddin S. The use of
camb biopesticides to control pests of rice
(Oryza sativa). Asian Journal of Plant
Science. 2003;2:1079-1082.

Available:https:doi.org/10.3923/ajps.2003.
1079.1082

Tefera T, Pringle KL. Biological control of
the spotted stem borer Chilo partellus
(Swinhoe) (Lepidoptera: Crambidae) with
the entomopathogenic fungi, Beauveria
bassiana and Metarhizium anisopliae.
Ethiopian Journal of Science. 2007;30:65-
70.

Prakash A, Rao J, Nandagopal V. Future
of botanical pesticides in rice, wheat,
pulses and vegetables pest management.
Journal of Biopesticides. 2008;1:154-1609.

Ogah EO. Field evaluation of plant extracts
in the management of Megalurothrips
sjostedti and Maruca vitrata of Cowpea in
South eastern Nigeria. World Essays
Journal. 2013;1:11-17.

Islam MS, Das S, Islam KS, Rahman A,
Huda MN, Dash PK. Evaluation of different
insecticides and botanical extracts against
yellow stem borer, Scirpophaga incertulas
in rice field. International Journal of
Bioscience. 2013;3(10):117-125.

Mulungu LS, Luwondo EN, Reuben SOW,
Misangu RN. Effectiveness of local
botanicals as protectants of stored beans
(Phaceolus vulgaris L) against bean
bruchid (Zabrotes subfaciatus Boh).
Journal of Entomology. 2007;4:210-217.

Available:https://doi.org/10.3923/je.2007.2
10.217

Muro LC. Effcacyof locally formulated baits
in managing the melon fly Bactrocera
cucurbitae (Coquilet) (Diptrrs: Tefritidae). A
Dissertation Submitted in partial fulfilment
of the requirements for the degree of
master of science in science in Sokoine
university of Agriculture, Morogoro. 2010;
56.

Mghase J, Shiwachi H, Nakasone, K,
Takahashi H. Agronomic and socio-
economic constraints to high yield of
upland rice in Tanzania. African Journal

January et al.; JAERI, 15(4): 1-16, 2018, Article no.JAERI.44015

14

27.

28.

29.

30.

31.

32.

33.

34.

35.

of Agricultural Research. 2010;5(2):150-
158.

Akinbode OA, lkotun T. Evaluation of
some bio-agents and botanicals in in-vitro
control of Colletotrichum destructivum.
African Journal of Biotechnology. 2008;7:
868-872.

Hasan M, Chowdhury MSP, Alam S,
Hossain B, Alam MS. Antifungal effects of
plant extracts on seed-borne fungi of
wheat seed regarding seed germination,
seedling healthy and vigor index. Journal
of Biological Science. 2005;8:1284-1289.
Nduagu CE, Ekefan J, Nwankiti AO. Effect
of some crude plant extracts on growth of
Colletotrichum capsici (Synd) Butler and
Bisby, Causal Agent of Pepper
Anthracnose. Journal of Applied
Bioscience. 2005;6:184-190.

Oparaeke, AM, Dike MC, Amatobi CI.
Evaluation of botanical mixtures for insect
pests management on cowpea plants.
Journal of Agriculture and Rural
Development in Tropics and Subtropics.
2005;106(1):41-48.

Tefera T. Germination, radial growth, and
sporulation of Beauveria bassiana and
Metarhizium anisopliae isolates and their
virulence to Chilo partellus (Lepidoptera:
Pyralidae) at different temperatures.
Biocontrol Science and Technology. 2004;
13:699-704.

Available:https://doi.org/10.1080/09670870
31000 1626356

Khan AB, Muhammad A, Arif. AM, Khan
M, et al. Toxicity of botanicals and
selective insecticides to Asian citrus psylla,
Diaphorina citri K. (Homoptera: Psyllidae)
in laboratory conditions. Jokull Journal.
2013;63(8):52.

Maijlish AK, Uddin MM, Jahan M, Rahman
MM. Comparative efficacy of different
botanicals and chemical insecticides for
controlling rice stem borer. Journal of
Bangladesh Agricultural University. 2015;
13(2): 183-189. Available:
https://doi.org/10.3329/jbau.v13i2.28778
Suresh K, Bhaskaran RKM,
Santhilkumaran S, Rajaval M, Shanti K.
Effect of organic sources of nutrient on
management of sucking pest of Cassia
angustifolia. Journal of Plant Protection
Science. 2009;17:32-36.

Rahman T, Khalequzzaman M, Rahman
MA. Assessment of infestation and yield




36.

37.

38.

39.

40.

41.

42.

43.

loss by stem borers on variety of rice.
Journal of Asia-Pasific Entomology. 2004;
7(1):89-95.
Available:https://doi.org/10.1016/S1226-
8615(08)60203-4

Gomez KA, Gomez AA. Statistical
procedures for agricultural research. 2nd
Edition. John Wiley and Sons., New York.
1984,;680.

Mishra S, Kumar P, Malik A. Effect of
temperature and humidity on pathogenicity
of native Beauveria bassiana isolate
against Musca domestica L. J Parasit Dis.
2015;39(4):697-704.
Available:https://doi.org/10.1007/s12639-
013-0408-0.

Tefera T, Mugo S, Tende R, Likhayo P.
Methods of screening maize for resistance
to stem borers and post-harvest insect
pests. CIMMYT. Nairobi, Kenya; 2011.

Abbott WS. A method of computing the
effectiveness of an insecticide. Journal
of Economic Entomology. 1925;18:265-
267.

Available:https://doi.org/10.1093/jee/18.2.2
65a

40. Akinsola EA, Agyen-Sampong M. The
ecology, bionomics and control of rice
stem-borers in West Africa. Insect Science
Application.1984;5:69-77.

Available:https://doi.org/10.1017/S174275
8400001673

Chatterjee S, Mondal P. Management of
rice  yellow stem borer, Scirpophaga
incertulas Walker using some biorational
insecticides. Journal of Biopesticide. 2014
7:143-147

Kega VM, Kasina M, Olubayo F, Nderitu
JH. A study of the African white rice stem
borer (Maliarpha  separatella  Rag.)
population density fluctuations at Mwea
Irrigation Scheme in Central Kenya.
Universal Journal of Agricultural Research.
2017;5(1):52-56.
Available:https://doi.org/10.13189/ujar.201
7.050108

Van Den Berg |, Van Den Berg JB, Pringle
KL. Damage caused by Chilo partellus

(Swinhoe) (Lepidoptera: Pyralidae) to
various cultivars of grain sorghum,
Sorghum  bicolor (L.) Moench. South

African Journal of Plant and Soil. 1990;7:
192-196.

January et al.; JAERI, 15(4): 1-16, 2018, Article no.JAERI.44015

15

44,

45.

46.

47.

48.

49.

50.

51.

52.

Available:https://doi.org/10.1080/02571862
.1990.10634566

Sylvain NM. Effect of Lepidopterous Stem
borers, Busseola fusca (Fuller) and Chilo
Partellus (Swinhoe) on maize (Zea mays
L) Yield: A Review. International Journal of
Innovation Research and Development.
2015;4:10.

Muralidharan K, Pasalu IC. Assessments
of crop losses in rice ecosystems due to
stem  borer damage (Lepidoptera:
Pyralidae). Indian Council of Agricultural
Research, New Delhi. 2005;18.

Way MO, Jones R, Reagan TE. Resitance
to stem borers Lepidoptera: Crambidae)
among Texas rice cultivars. Journal of
Economic Entomology. 2006;99:1867—
1876.

Available:https://doi.org/10.1093/jee/99.5.1
867

Sherawat SM, Inayat M, Ahmad T,
Magsood MK. Determination of economic
threshold level (ETL) for the chemical
control of rice borers. Journal of
Agricultural Research. 2007;45:55-59.

Krishanaiah K. Technology for rice
production. DRR. ICAR, Rajendranagar,
Hyderabad. Ecology of common insect
pests of rice. Annual Review of
Entomology. 1995;13:257-294.

ISU (lowa State University). Field Crop
Insects. lowa Soybean Association. 2012;
4-5.

Singh BU, Sharma HC, Rao KV.
Mechanisms and genetic diversity for host
plant resistance to spotted stem borer,
Chilo partellus in sorghum, Sorghum
bicolor. Journal of Applied Entomology.
2011;135:333-392.

Litsinger JA, Bandong JP, Canapi BL.
Effect of multiple infestation from insect
pests and other stresses to irrigated rice in
Philippines: Il. Damage and Yield loss.
International Journal of Pest Management.
2011;57:117-131.

Available:https://doi.org/10.1080/09670874
.2010.537792

Asghar M, Suhail A, Afzal M, Khan MA.
Determination of economic threshold
level of the stem borers (Scripophaga
sp) and leaf hopper (Cnaphalocrosis
medilanis) of rice (Oryza sativa) in
Kallar truct of Punjab. Pakistan Journal




53.

of Agriculture and Biology. 2009;11:717-
720.

Aw KMS, Hue SM. Mode of infection of
Metarhizium spp. fungus and their
potential as biological control agents.
Journal of Fungi. 2017;3:30.
Available:https://doi.org/10.3390/jof302003
0

January et al.; JAERI, 15(4): 1-16, 2018, Article no.JAERI.44015

54.

Terefe TH, Selvaraj T, Mengistu L, Negery
M. Evaluation of  some native
entomopathogenic fungi against pink stem
borer (Sesamia calamistis Hampson)
(Lepidoptera:Noctuidae) in  sugarcane.
Journal of Agricultural Technology. 2012;
8(2):515-536.

© 2018 January et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/26371

16



