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ABSTRACT  
Chemical is used to control of cotton’s insect pests. The development of biological control (biological agents) of local entomopathogenic 
fungi Beauveria bassiana isolate is effective and efficient as very important pest control to increase the productivity of cotton plants with 
regard to quality of safe environment. Therefore, research on effectiveness of local entomopathogenic fungi B. bassiana isolate to main pest 
of cotton crops in field is important to develop the use of biological agents to control a major pest of cotton that has not been done by many 
cotton farmers. The research is expected to produce biological agents of local entomopathogenic fungi B. bassiana isolates that effective to 
control of cotton’s main pests in field. The method used in study is a randomized block design. Data were analyzed by F test and continued 
with Duncan's multiple range test (DMRT) 5% and 1%, with parameters of pest population and intensity of crop damage. The research 
results showed that local entomopathogenic fungi B. bassiana isolat is effective to suppress the intensity of cotton crops damage by 
Sundapteryx biguttula and Spodoptera litura. Local isolates B.bassiana 1 is more effective against S. litura compared with B. bassiana 2 for 
their suitability host. 
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INTRODUCTION 
 
The cotton’s pests control this time is still done chemically using synthetic chemical insecticides, which 

cause many negative effects [1]. One solutions to overcome this condition is pest control techniques that safe for 
environment and can reduce chemical residues on agricultural products (biological control). Biological control 
(biological agents) have great potential as a natural control of cotton’s pests, among others are the group of 
entomopathogenic fungi. The development of effective and efficient biological agents to control pest is very 
important to be able to increase the productivity of cotton plants with regard to quality of safe environment. 

This research uses development-oriented approach of biological agents from the class of entomopathogenic 
fungi to control a main pests of cotton. It has not been done by many cotton farmers. 

The problem formulation of this study is whether the application of entomopathogenic fungi B. bassiana 
local isolates were effective to suppress the attacks of cotton’s major pests in field? The purpose of this study is 
to analyze and testing the effectiveness of biological agents entomopathogenic fungi B. bassiana local isolates 
in suppressing attacks of cotton’s major pests in field. 

 
Research Methods: 
Research Design: 

This study type was a experimental research. Research experiments in this study is used for purpose of 
explanatory or confirmatory to explain influence of causal relationships between variables or between variables 
through hypothesis testing. 



127                                                                        Irma Wardati, 2016 
Advances in Environmental Biology, 10(8) August 2016, Pages: 126-131 

 

 
Place and Time Research: 

Research was conducted at Polytechnic of Jember land with a height of 89 meters above sea level. The 
study duration was from March to December 2014. 

 
Materials and Research Devices: 

Materials used are biological agents entomopathogenic fungi B. bassiana local isolates generated from 
previous studies (preliminary studies), distilled water, rice corn, heat-resistant plastic the size of ½ kg, cotton, 
PVC rings, wool yarn, cotton plant seeds, manure, NPK fertilizer, biofungisida, adhesive (agristick). 

The tools used are autoclave, laminar air flow, analytical balance, erlenmeyer, a petri dish, a loopful, test 
tubes, shaker, water bath, micropipette, hand counters, haemocytometer, measuring cups, magnetic stirrer, a 
stove, a brush, a microscope and tweezers, stationery, measuring cups, scales, hand counters, knapsack sprayer, 
farming tools. 

 
Research Methods: 

The study used a randomized block design factorial, with seven (7) times replication. 
Linear model for a randomized block design is below [3]: 

Yijk    = µ  + αi + βj + (αβ)ij   +  ρk + εijk , namely:  
Yijk   : observations value at k replication all to gets the factors A at I and B at j 
µ������ :  average value of observations in population 
αi        :  influence of A factor on i level  
βj      :  influence of B factor on j level 
(αβ)ij  : interaction influence of A factor on i level and B factor on j level 
ρk : blocking effect of block-k 
εijk       : error influences acting on experimental all unit block k that are subjected to A factor on i level and B  
  factor on j level 

 
Treatment of control packages are below. 
1. Local isolates of fungus B. bassiana 1, density of 109 spores/ml (P1) 
2. Local isolates of fungus B. bassiana 2, density of 109 spores/ml (P2) 
3. Systemic insecticide synthetic chemical (P3) 
4. Controls (P0) 
Data of this study is analyzed by F-Test with advanced test Duncan's Multipple Range Test (DMRT) at a 

significance level of 5% and 1% (a level of 95% and 99%). 
 

Observation: 
The parameters observed in this study are below.  
1.  The population of pests that attack cotton crop before and after control application. 
2.  The intensity of attack pests on leaves, which calculates the percentage of damage to cotton leaf by 

pests before and after control applications. 
The formula for computing the intensity of leaf damage was [2]: 
Σ (n x v) 
P = ---------------- x 100% 
N x Z 
P = the intensity of leaf damage (%) 
n = number of leaves that have the same defect category 
v = a score (categories) based on leaf area attacked 
N = number of leaves were observed per plant 
Z = highest value of damage score (categories)  
 
Score/category value of caterpillar [2]: 
0 = plants are not attacked (health) 
1 = extensive damage to leaf > 0-25% 
3 = extensive damage to leaf > 25% - 50% 
5 = extensive damage to leaf > 50% - 75% 
7 = extensive damage to leaf > 75% - 100% 
 
Value score/category attack aphids/plant hopper: 
0 = no attack (<50 individuals per plant) 
3 = mild attack (50-100 individuals per plant) 
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5 = moderate attacks (> 100-1000 individuals per plant) 
7 = severe attacks (> 1000 individuals per plant) 
 

Implementation Research: 
Propagation entomopathogenic fungi Beauveria bassiana local isolates 
■  Making Corn Rice Media for Propagation 
Corn rice (grits) washed and drained overnight, then cooked (steamed) until half cooked. Corn rice then 

dried, then put in a heat-resistant plastic size ½ kg of as much as 100 grams. The tip of a plastic bag in a plastic 
ring inserted in such a manner and plugged with cotton until solid. Furthermore, corn rice media sterilized by 
autoclave at a pressure of 15 psi for 30 minutes. Before inoculation media corn rice cooled. 

■  Inoculation of Beauveria bassiana on Corn Rice Media 
Inoculation was carried out in a sterile condition, in isolation, in Laminar Air Flow. Beauveria bassiana 

isolates in vitro results were inoculated using a needle ose, corn rice planted in media by opening the cotton 
stoppers, remains in a sterile condition. Furthermore incubated for about 2 weeks. 

Application of entomopathogenic fungi B. bassiana local isolates in cotton plant at field  
■  Land preparation for cotton plant 
Cotton land is prepared in according to the study layout, with a spacing of 40 cm x 50 cm. Each plot was 

marked with a nameplate treatment in accordance with their treatment. Cotton plants are maintained in 
accordance with applicable technical standard. 

■  Initial observations to cotton’s main pests 
Observations were done at 2 weeks after cotton planting, pest populations include early (before application) 

and initial intensity of pest damage. 
■  Applications of entomopathogenic fungi B. bassiana local isolates 
Application is done at age of 2 weeks cotton after planting, according to treatment, with intervals of one 

week, until the harvest. Application is done in afternoon to avoid the sun. 
 

Parameters Observation: 
Observations parameters are: (1) the population of pests that attack cotton crops, conducted before and after 

the control application; (2) the intensity of pests on leaves, conducted before and after the control application. 
 

RESULTS AND DISCUSSION 
 

Population of Cotton’s Main Pests: 
Observations in research field shows that main pests to attack cotton crop is cotton leafhopper Sundapteryx 

biguttula Ishida (cotton leaf sucker) and caterpillars of Spodoptera litura Fabricius. Cotton leafhoppers are 
difficult to calculate the population in field as these insects active flying, while moth can still be observed and 
counted, although the population in field is relatively small. 

Fluctuations of moth population mean is in range of 0.06 to 0.49 larvae per plant. This number is very small 
compared to economic threshold S. Litura, that is 2 larvae per plant [2]. Therefore,  it can not be used as an 
indicator to test the effectiveness of control factor. Figure 1 shows that fluctuations moth pest populations can 
be observed almost the same, both in variety of treatments (B. bassiana 1, B. bassiana 2, synthetic insecticides 
and control) as well as at different plant ages. The population is allegedly due to nature of S. litura is known as 
nocturnal insects, so the larvae's attack at night and during the day will hide behind plants or in soil [2]. 

Higher population trends is found in control plot because there is no control measures are carried out, so 
that pest population fluctuations presumably caused by natural limiting factors. This is presumably due to high 
rainfall in field, as proposed by Kalshoven [4] that high rainfall can suppress populations of S. litura. 

 
Fig. 1: Graph Population Fluctuations S. litura on Each Plot Treatment 

Pop of 
S. litura 

Age of Plant 
(DAT) 
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The Intensity of Cotton Crop Damage: 

The damage intensity found in land of cotton plants is caused by cotton leaf-sucking pests (S. biguttula 
Ishida) and caterpillars (S. litura L). Damage to leaves of plants by S. biguttula is characterized by curling the 
leaves down, with edge of red leaves, while leaf damage by S. litura appear with their caterpillars bite holes in 
leaves. 

 
Fluctuations in Intensity of Tubes Cotton Crop Damage: 

The damage intensity to cotton crops fluctuate from plant age 21 days after transplanting (DAT) to plant 
aged 52 DAT. Damage to crops by S. biguttula ranged from 2.14% to 9% per plant, while the damage caused by 
S. litura was the broad range of 2.14% to 12% per plant (Figure 2 and 3). 

S. biguttula cause the damage intensity to plant leaves that fluctuate in line with control application. Higher 
the damage intensity is found in control plot which is not controlled at all. In age of plant 21 to 38 DAT, S. 
biguttula attack relative decline, while the plant age 42 DAT there was a slight rise, but subsequently to 52 DAT 
a decline in attacks back. Figure 2 shows that plot with control treatment (B. bassiana 1, B. bassiana 2, synthetic 
insecticides) attacks which tend to be smaller compared to control, indicating that there are significant control 
applications on damage intensity by sucking pests of cotton leaves. 

 

 
Fig. 2: Fluctuations Intensity Crop Damage by S. biguttula. 

 
Cotton leaf damage by S. litura shows the range of numbers that relatively low and declining at aged 21 to 

31 days after planting (DAT), but increase at age of plants 35 DAT, and then decreases again at age 38 to 52 
DAT (Figure 3). The damage percentage of control treatment plots tend lower compared to control (untreated 
control). Suspected fluctuations of crop damage by S. litura is affected by factors other than control. It is also 
affected by other factors, namely bioecology pests and rainfall. At beginning of planting, pest still low because 
they relate to availability of host plants are still a few that do not meet the need of eating. This can become an 
inhibiting factor to population level of this pest because it is also likely cannibals. In addition, factors of high 
rainfall during planting can also suppress populations of eggs and young instar larvae [4]. 

 
Fig. 3: Fluctuations of Crop Damage Intensity by S. litura. 
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The Lower Percentage in Intensity of Crop Damage: 
Application of control treatment to suppress pest attacks on cotton crops showed different results between 

S. biguttula (Table 1) and S. litura (Table 2). The effect of treatment on percentage decrease in damage intensity 
S. biguttula showed that at various plants ages among treatment B. bassiana 1, synthetic insecticides, and B. 
bassiana 2 are not significant, but it showed significant gains when compared all control treatments. The results 
are visible on percentage decrease in damage intensity to S. litura showed that B. bassiana 1 significantly with 
all treatments, whereas the synthetic insecticide with B. bassiana 2 are not significant, but both are significant 
with control (without control applications). 

These results prove that control applications with B. bassiana 1, B. bassiana 2 or of synthetic insecticides is 
effective to reduce the damage intensity on cotton crops by S. biguttula and S. litura, because it has a 
significantly different results with the control. The biological agents ability of B. bassiana 1 and 2 in 
suppressing the intensity of pest damage caused by its mechanism of action that does not just go in and growing 
spread to every part of body of host, but also secretes enzymes or toxins that accelerate the process of death of 
host [7]. 

According Steett and Wood [5], working mechanism of B. bassiana fungus begins with attachment of stage 
of infection for insect cuticle, then going on germination of konidium and insect cuticle penetration through a 
germ tube of konidium, then the fungus begins to grow in body of insect (hemosel) causing the death of insect, 
and latter fungus grows on surface of insect's body and formed conidia on humidity and temperature 
accordingly. 

 
Table 1: Effect of Control Treatment on Lower Percentage of Damage Intensity of S. biguttula 

TREATMENTS 
OBSERVATION TO (DAP) 
24   31   38   45   52   

Bb1 87,06 a 86,19 a 90,00 a 98,10 a 79,46 a 
Insect 85,20 a 78,33 a 85,48 a 91,43 ab 78,37 a 
Bb2 79,72 a 74,42 a 83.33 a 80,45 b 75,27 a 
Control   20,50 b 22,11 b 44,52 b 44,58 c 25,38 b 

The number followed by same letter in a column shows insignificant results based on DMRT at 5% level. 
 
Table 2: Effect of Control Treatment on Lower Percentage of Damage Intensity  S. litura 

TREATMENTS 
OBSERVATION TO (DAP) 

24   31   38   45   52   

Bb1 33.79 a 55.24 a 45.71 a 41.07 a 42.67 a 

Insect 26.96 b 36.67 b 38.30 b 36.08 b 26.60 b 

Bb2 26.30 b 34.09 b 36.03 b 35.24 c 25.53 b 

Control   9.94 c 10.12 c 10.90 c 14.29 c 11.01 c 
The number followed by same letter in a column shows insignificant results based on DMRT at 5% level. 

 
Emphasis intensity S. biguttula damage showed not significant results among all treatments, but the damage 

intensity by S. litura shown that B. bassiana 1 shows the results of a significant emphasis on highest and 
treatment with B. bassiana 2 and synthetic insecticides. This is thought to be caused by a host of factors 
conformity, where B. bassiana 1 better suited to host S. litura, compared to S. biguttula, as proposed by Fuxa 
and Tanada (1987) in Subagiya [6], that organisms that live on host appropriate will grow and develop properly 
because nutritional needs can be met from the host, so the death of host insect can take place quickly. In 
addition, it is also due to isolate the source of biological agents, where B. bassiana 1 was obtained and isolated 
from S. litura caterpillars was found at tomato plants, while B. bassiana 2 isolated from H. armigera caterpillar 
found in maize fields. Both of these caterpillars are equally of Ordo Lepidoptera, but morphologically they are 
different, because the H. armigera caterpillars hairy body, while S. litura not [8]. 

 
Conclusions And Suggestions: 
Conclusion: 

Based on results and discussion can be concluded that B. bassiana entomopathogenic fungi local isolates is 
effective to suppress the damage intensity of cotton crops by S. biguttula and S. litura. Local isolates B.bassiana 
1 more effective against S. litura compared with B. bassiana 2 for their host suitability. 
 
Suggestion: 

Based on research that has been conducted, it is suggested for further research in formulation of 
entomopathogenic fungi B. bassiana local, for storage and wider propagation. 
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