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Sustainable Management of Megalurothrips distalis (Karny) 

(Thysanoptera: Thripidae) in Mungbean, Vigna radiata L.  

Abstract 
A series of field experiments were conducted during the 2018 and 2019 Kharif 

season at Arid Zone Research Institute, Bhakkar to find out the effect of different 

resistance and susceptible mungbean” genotypes to Megalurothrips distalis L. 

populationin relation to weather factors. During 2018, from the preliminary screening 

trial twenty-five mungbean genotypes were screened against M. distalis. Based on mean 

thrips population per flower, Sawat-1, Dera-M and NM-98 were found comparatively 

susceptible. Whereas, 13TM-04, NM-16 and AZRI-06 were found to be comparatively 

resistant. The genotypes NM-11, 12TM-03 and NM-06 showed intermediate response. 

During final screening trial in 2019, the resistance/susceptible response towards thrips in 

the selected genotypes found to be similar to that observed during the preliminary trial. 

During 2019, Dera-M showed maximum whereas, 13TM-04 showed minimum thrips 

population per flower. While the genotype 12TM-03 and NM-06 showed intermediate 

response aganist thrips followed by NM-11. 

Maximum HPSI, 15% was recorded in Dera –M while the minimum was recorded 

on 13TM-04 and NM-16 each with 8% based on cumulative data of both years. Due to 

susceptibility against thrips, Dera-M showed maximum flowers shedding per plant 

followed by Sawat-1 and NM-98 which ultimately resulted minimum total number of 

pods per plant. Moreover, maximum deformed pods, minimum seed per pod, minimum 

seed weight per plant, per ha were recorded in in both of these genotypes. While 

minimum flower shedding per plant and maximum hundred seed weight were recorded in 

AZRI-06, NM-16 and 13TM-04. Highest total pods per plant and minimum deformed 

pods per plant were recorded in 13TM-04 which was statistically similar to NM-16 

followed by AZRI-06. Genotype 13TM-04 showed maximum number of seeds/pod with 

maximum seed weight per plant.  

Thrips population data in relation to various climate factors during the research 

years 2018 and 2019 showed that maximum population (5.32/flower) was observed, on 

the 04th July, at 35.50 °C average temperature, with 51.75% relative humidity % (RH) 

and with no rainfall. Maximum and average temperature showed highly significant 

correlation (r values 0.90 and 0.668 respectively) with thrips population. Whereas 

negative and significant correlation (r values 0.732 and 0.750)) with RH % and average 

rainfall. Whereas, non significant correlation was found with minimum temperature 

during both years and on cumulative basis.  

Among the four different tested entompathogenic fungi, Beauveria bassiana @ 

7.5% concentration was found to be most effective compared to other tested EPF. While, 

Verticillium lecanii and Isaria fumosoroseus were found least effective against thrips. 

Efficacy of each tested EPF increased up to seven days but after fourteen days EPFs lost 

their efficacy. On cumulative basis B. bassiana @ 7.5% resulted in minimum number of 

thrips 1.76  per flower with maximum 59.42 percent reduction over control was found 

significantly effective than rest of the tested EPFs. Also, B. bassiana @ 7.5% treated 

plots significantly increased the yield 1018.9 kg ha-1 as compared to other tested EPFs.  

For the determination of the color preference of thrips five coloured sticky traps 

viz., yellow, blue, white, green and orange were evaluated on the mungbean variety NM-
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2016. Among tested colored sticky traps blue followed by yellow color sticky trap 

attracted maximum number of thrips. 

 Among various physio-morphological plant characters the moisture contents, 

number of fruiting branches and height had positive and significant correlation (r values 

0.759, 0.897 and 0.883 respectively)  while the dry matter, total pods number, pods 

length and per pod seed number exhibited negative and significant correlation ( r values 

0.778, 0.936, 0.906 and 0.928 respectively with population of thrips. The moisture 

contributed maximum 57.6% in thrips population fluctuation followed by dry matter 

which showed 21.9% change in thrips population.  

Among various chemical plant characters, the effect of nitrogen, crude protein, 

reducing sugar, zinc and copper showed positive and significant correlation whereas 

those of non reducing sugar and boron have negative and significant correlation with 

thrips population on ‘mungbean’. However, phosphorous, potassium, ash, ether extract, 

total sugar, ferrous and manganese did not show a significant correlation with thrips 

population on ‘mungbean’. The nitrogen percentage in the mungbean flowers was the 

most significant factor contributing 59.9% increase in thrips population followed by 

reducing sugar (15.5%), non reducing sugar (9.9%) and protein (6.2). All other factors 

contributed between 0.1 to 1.4% when assessed individually, towards the thrips 

population fluctuation.  

Various control practices, viz., host plant resistance, imidacloprid seed-treatment+ 

use of blue sticky trap, neem seed kernel extract, entomopathogenic fungi B. bassiana 

and insecticides acephate and chlorfenapyr were applied  separately as well as in their 

possible combinations, on a comparatively thrips resistant genotype of mungbean, 13TM-

04 to control thrips population at three different locations of district Bhakkar during 

2020. A combination of treatments, viz., imidacloprid seed treatment+ installation of blue 

sticky traps and chlorfenapyr spray was observed to be the most successful against thrips 

and showed maximum yield 1970.1 kg/ha of mungbean. While the outcome of 

imidacloprid seed-treatment+ blue sticky trap installation, alone, did not have distinctive 

impact on the thrips population as well as on the yield. The imidacloprid seeds treatment 

remained effective up to 38 days after sowing against the thrips. The application of 

chlorfenapyr and acephate when applied as aerial spray, alone and in combination with 

other control methods showed a significant decrease in the thrips population. 
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Chapter 1: Introduction 

Pulses provide highly nutritive food and have a unique position in sustainable 

crop production as they keep the soil alive as well as productive (Sujatha and Bharpoda 

2017). Pulses belonging to Leguminosae family are specially grown for edible seed 

purpose, and for this reason named as grain legumes. They involve a pivotal role in the 

agricultural economy of Pakistan. Pulses provide highly nutritive food to humans and 

also maintain soil fertility through the process of biological nitrogen fixation by nitrogen 

fixing rhizobacteria (Nazir et al., 1994; Kannaiyan, 1999). In Pakistan, during winter, 

major pulses grown are gram (chickpea), lentil (masoor) and field pea (mutter) while in 

summer are mungbean (green-gram), mash bean (black-gram) and pigeon pea (red-gram). 

Mungbean (Vigna radiata L.) generally referred to as green gram, is an essential 

and widely recognized summer pulse crop in several Asian countries including Pakistan. 

It is distributed worldwide mainly in tropical and subtropical regions in south and 

southeast Asia (Chadha, 2010). In contrast with other summer crops, it is a short duration 

crop and thus needs less water (Nadeem et al., 2016). Mungbean is resistant to drought 

and can tolerate unfavorable ecological conditions therefore it is possible to expand its 

production in rain fed areas (Afzal et al., 2000; Anjum et al., 2006). Due to its high 

nutritional value and digestibility, it has an advantage over other pulses (Deeba et al., 

2006; Azam et al., 2008). Due to short life cycle of mungbean it is easily adopted into 

multiple cropping systems in the drier and warmer climates and is most preferred by the 

farmers due to high protein content (Yaqub et al., 2010; Ratnasekera & Subhashi, 2015). 

It is considered as a poor man’s meat as it is a good source of protein (Shafique et al., 

2009) and when it is supplemented with cereals it forms a balanced diet.  

The biomass of mungbean is a superior source of live stock fodder in addition to 

green manure and produce good quality organic matter in soil. In Pakistan, mugbean crop 

can be grown on all types of soil twice a year i.e., rabi and kharif season in both rainfed 

and irrigated conditions. After wheat harvesting, sowing of mungbean crop during 

summer season improved nitrogen status in the soil ranging from 33 to 37 kg/ha which 

saves 25% nitrogen fertilizer application for the next crop (Sekhon et al., 2006). 

Succeeding paddy crop yield (4.58 t/ha) can be increased by the integration of mungbean 
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biomass (2.2 to 2.8 t/ha) and applying of 75% nitrogen (Hamid et al., 2004) and 60 kg 

N/ha for rice crop can be saved by sowing of mungbean during summer (Rekhi & Meelu, 

1983). There is a great potential to increase farm income by adding mungbean to the 

cereal cropping pattern of the country which will improve human health, soil fertility, 

saving of water and support long-term sustainability of agriculture. In Pakistan, during 

2019-20 the total area of mungbean cultivation was 186.7 thousand hectares with 132.7 

thousand tons total production. The production of Mungbean recorded positive growth of 

12.6 percent, as compared to 2018-19 which was 163.2 thousand hectares with total 

production 117.8 thousand tons  (Anonymous, 2019-20). The reason for increase in 

production is increase in area. 

Mungbean crop has a good yield potential in Pakistan however, as compared to 

other advance world countries the average yield is low. The yield and quality of 

mungbean is effected by different biotic (pests and diseases), abiotic (temperature, 

rainfall, relative humidity etc.) and phenological factors (flower and fruit drop) (Nair et 

al., 2019). Among biotic factors insect pests often cause serious threat to mungbean 

production and increase the cost of production. Insect pests incidence significantly 

reduces mungbean yield and quality (Malik et al., 1994). Mungbean is at risk of a 

massive quantity of insect pests that attack and cause considerable crop yield loss. A 

number of different insect pests attack on mungbean crop at different stages of growth. 

Many species of insect pests have been reported to attack mungbean in the field 

(Asawalam & Constance, 2018) Among these, sucking insect pests are of the major 

importance and inflict heavy yield losses in mungbean production, therefore, right and 

effective pest management strategies ought to be adopted to limit the losses due to them 

(Panchabhavi & Kadam, 1990; Venugopal Rao et al., 1990; Bashir et al., 1991; Khattak 

et al., 2004) 

Among the sucking insect pests of mungbean thrips had gained major importance. 

Flower thrips (M. distalis Karny) (Thysanoptera: Thripidae) are serious, widespread and 

regular pests of mungbean causing significant yield losses which are linked generally 

harm tender buds and mungbean flowers (Chhabra & Kooner, 1985; Lal, 1985; Hossain 

et al., 2004; Hossain et al., 2018). For the first time, Kooner et al. (1983) recorded attack 
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of M. distalis on mungbean yield. Thrips is a very prolific species with many overlapping 

generations (Shelton et al., 2006). Many thrips are protected inside flowers.. By sucking 

the cell sap both nymph and adult stages of thrips damage the tissue (Babar et al., 2016). 

Thrips intake nutrition by sucking up protein, vitamins, carbohydrates, inorganic salts, 

lipids, water and different nutrients by piercing the host plant which ultimately affect the 

nutritional quality and resistance of host plant (Zangerl et al., 2002; Haile & Higley, 

2003). The nature and extent of damage caused by thrips in mungbean varies in 

distinctive climatic areas because of variant in the agro climatic conditions (Nair et al., 

2019) 

Flower shedding to the extent of 40-89% has been pronounced in mungbean 

(Kaul et al., 1976; Sinha, 1977). Flower infestation by thrips results in flower drop, pods 

deformation, grain quality deterioration and ultimately excessive yield reduction. 

Premature flower shedding take place in severe infestation. Thrips caused at least 40 

percent yield loss in green gram (Sreekanth, 2002). Yield losses are estimated to be 

around 65% in mungbean due to thrips attack (Indiati, 2004). 

Due to recent production of high yield, short term varieties and rising global 

demand of mungbean, farmers are involved in mungbean cultivation following pest 

management measures. Due to easy approach of insecticides, farmers of Pakistan manage 

thrips by applying and relying on chemical insecticides several times in the growing 

season. However, with the passage of time most of the insecticides become ineffective 

against thrips due to resistance, resurgence, replacement and ecological imbalance 

(Helweg et al., 2003; Zacharia, 2011) which ultimately increase the cost of production 

and destruction of beneficial fauna and environmental pollution (Adilakshmi et al., 2008). 

Intensive study has been carried out to test modern insecticides with different modes of 

action against thrips with minimal risks for mammals and natural enemies (Zidan, 2012). 

These conventional chemicals failed to effectively control the insect pests resulting in 

severe crop yield losses.Though, some bio-rational approaches and bio-pesticides can be 

used to treat insect pests better than synthetic insecticides. Irrationally our farmers are 

using more and more insecticides to control it which is not only destructive to our 
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environment and for natural enemies but also lead to the development of insecticide 

resistance (Sharma et al., 2002). 

In modern agriculture, more-selective and less-polluting products tend to be used 

which manage the pest population (Siegwart et al., 2015). Insect pathogens are 

environmentally secure, safe to human and other non target species and are also 

considered natural mortality agents therefore can be used with other control tactics. 

Entomopathogenic fungi (EPF) infect insect body by contact rather ingestion. Different 

entomopathogenic fungi has been evaluated in the laboratory and applied in a field to 

control numerous insect pests (Reddy et al., 2014; Lopes et al., 2015; Wakil & Schmitt, 

2015; Bayu & Prayogo, 2018). Microbial pesticides can play a enormous role in 

sustainable crop production by offering a strong pest management program and are safe 

for environment and other non target species than chemical control (Khetan, 2000) . 

There is global interest within the use of EPF as biological control agents. EPF are best 

for Integrated Pest Management applications because they are incredibly safe to apply 

and have a narrower spectrum of interest than chemical pesticides (Lacey & Goettel, 

1995). 

In this scenario, it is important to identify some environmentally acceptable 

alternative insect pest control strategies while developing the IPM method in order to 

raise mungbean per hectare yields to levels comparable to those found in developed 

countries. This objective can be accomplished by means of adopting sustainable and 

valuable insect pest control techniques with other modern developed cultivation 

techniques. To beat the prevalence of insect pests on mungbean crop, a number of pest 

management tools like varietal resistance, use of biological and chemical control are 

generally being advocated. The use of resistant varieties is a vital practice in IPM 

(Dilawari & Dhaliwal, 1993). Though, sole reliance on resistant varieties cannot be 

enough due to difference of climatic conditions. It have to be incorporated with chemical 

control due to the fact it is more effective than other control methods and it hold the pest 

population below the economic threshold level (Chhabra & Kooner, 1985). Insecticide 

sprays are regularly being utilized as a part of  controlling insect pests of field and other 

horticultural crops (Kabir et al., 1996).  
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There is a need to incorporate the use of chemicals with other control methods. 

Many of the botanicals and entomopathogenic fungi have been investigated and have the 

potential to become alternatives to chemical insecticides with wide ranging spectrum. 

Since they are efficient and environmental sustainable, the emphasis will be on the 

promoting of the use of such steps to tackle certain insecticides related concerns (Sohail 

et al., 2015). Therefore, bio-rational IPM approach to monitor mungbean thrips and save 

the crop from substantial yield loss is required. This study was planned to evaluate the 

effectiveness of different control, methods, alone and possible combinations of traditional 

and newly introduced insecticides with botanical and entomopathogenic fungi on the 

management of thrips in mungbean under field conditions. 

Keeping in view the pest status and yield losses caused by mungbean thrips the 

present studies was conducted to evaluate sustainable integrated management tools with 

the following objectives: 

 To study the population dynamics of thrips and to identify the available 

genotypes of ‘mungbean’ for their relative resistance/tolerance to thrips. 

 To study therole of weather factors (temperature, rainfall and relative humidity) 

on the thrips population fluctuation. 

 To find the impact of various physio-morphological and chemical plant 

characters in expression of resistance/susceptibility in the ‘mungbean against 

thrips.  

 To screen out different coloured sticky traps and to test the efficacy of various 

concentrations of bio insecticides for the sustainable management of thrips on 

mungbean crop. 

 To integrate various control practices (screening, seed- treatment, biological, 

botanical and chemical control) and finally determine the most efficient 

technique for the thrips management on ‘mungbean’ crop. 
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Chapter 2: Review of Literature 

2.1 Host Plant Resistance 

There are several limiting constraints at the farm level. One of these is the insect 

problem in the mungbean crop production.Thrips significantly reduced the mungbean 

yield during dry season. Yield losses reaches up to 65% in case of severe damage of 

thrips Indiati (2004). Resistant mungbean cultivar is suggested to suppress the population 

of thrips. Thrips resistant mungbean genotypes can be obtained by screening. 

 Sreekanth et al. (2002) conducted study at thirty-eight genotypes of mungbean for 

the resistance to thrips under field conditions for two years. Four genotypes constantly 

showed resistance to thrips namely LGG 460, 480, 491 and 582 during 2000 (2.0 to 2.3 

thrips/5 terminals) and 2001 (4.7 to 5.0 thrips/5 terminals). In the same year, Sreekanth et 

al., (2002) surveyed ocuurence of thrips on mungbean in different districts of India and 

found that the most dominant thrips species was Thrips palmi (51%) followed by 

Scirtothrips dorsalis (24.9%), Frankliniella schultzei (14.9%) and Megalurothrip 

susitatus(9.3%). In the next year Frei et al. (2003) investigated the resistance under 

laboratory and field conditions of common beans (Phaseolus vulgaris L.) to the thrips 

(Thrips palmi Karny). Less population growth was observed on BH-130 and Brunca than 

EMP 486 and FEB115, the latter were comparable to APN18 (susceptible genotype). 

One study found that mungbean genotypes MG 414, SML 189 and SML 346 were 

resistant to M. distalis (Kooner & Malhi, 2004). In the same year Indiati (2004) also 

investigated that mungbean cultivar MLG-716 constantly showed the resistance against 

thrips attack. Similarly Brar et al. (2004) derived that SML 668 a new summer V. radiata 

L. cultivar have high yield capacity and was resistant to various diseases and thrips. In 

the same year, Khattak et al. (2004) tested five mungbean varieties against sucking pests 

and observed that NM-92 and NM-98 were resistant to sucking pests while that NM-98 

and NM-121-125 were at par in case of jassid and thrips attack. Maximum yield was also 

observed in the NM-92 and NM-98 due to less attack of the said pests. Kooner et al. 

(2006) found that Pusa 2032 and NM-92 were resistant against thrips from seventy tested 

entries of mungbean. Furthermore Rani et al. (2008) found that out of 12 tested 
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mungbean entries against thrips less attack of thrips was recorded on MGG362 and 

MGG365 as compared to check MGG 295.  

Khan et al. (2014) also tested the six advance lines and one Bt cotton approved 

variety against Thrips tabaci (Lind). Varietial response to thrips population was 

significantly different to each other. Maximum population of thrips 5.01 per leaf was 

observed in SITARA 10-M which was significantly different with all other genotypes. In 

the same year Nadeem et al. (2014) studied the resistance of advance  mungbean 

genotypes in comparison with check varieties NM-06 and AZRI-06 against whitefly, 

jassids and  thrips. None of the tested advance lines showed complete resistance against 

said pests. Lowest number of thrips/leaf (4±1.00) was observed in cultivar MH 3153 and 

the highest was observed in MH 34143 (12.3±0.67). Among all tested genotypes MH 

3153 gave the maximum yield per plot (438.7g) with 129% increase over NM-2006 and 

161% increase over AZRI-2006. Similarly, Singh and Singh (2014) screened 30 

genotypes of mungbean against sucking insect pests including flower thrips. Minimum 

flower thrips infestation was recorded in ML-1628 and Pusa-1171 while maximum thrips 

infestation was recorded in BPMR-145, HUM-12 and Pusa-0672.  

 Next year Nadeem et al. (2015) found that different mungbean lines had different 

degree of tolerance/susceptibility against thrips and mungbean genotypes C1/95-3-3 and 

C3 /94-4-44 exhibited to be more resistant against attack of thrips. Hossain et al. (2016) 

reported that BINA moog-8 produced the maximum number of fertile seeds/pod, seed 

weight and yield while BARI mung-4 produced lowest number of fertile seeds/pod, seed 

weight and yield.  Sagar et al. (2017) found that out of five tested genotypes of mungbean 

against insect pests Bireswar (WBM-34-1-1) was found less susceptibility to the 

incidence of aphid and thrips which gave highest grain yield (558.79 kg/ha) followed by 

Sukumar (WBM-29) 547.47 kg/ha grain yield while heighest attack of aphid and thrips 

was observed in Samrat (PDM 24-139) with poor yield 902.31 kg/ha.  

Next year  Chauhan et al. (2018) screened the mungbean germplasm against 

sucking pests under field conditions. The maximum 8.80 thrips per five plants was 

observed in IGKM 06-26-5 genotype followed by NKM 15-12 which showed 8.70 thrips 
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per five plants. While the minimum 3.80 thrips per five plants population was observed in 

NBPGR-150. In the same year, Satveer et al. (2018) tested twenty mungbeangenotypes 

against sucking insect pests under natural field condition. The maximum infestation 2.06 

thrips per five flowers was observed in PM 11-26 genotype followed by Pusa 1671 (1.94 

thrips/5 flowers) and minimum 0.21 thrips per five flowers thrips infestation was 

observed in VGG 15-030 genotype followed by genotype COGG 912 (0.45 thrips/5 

flowers).  

Tripathi et al. (2019) found that among 50 tested mungbean genotypes (including 

two checks) seven mungbean genotypes proved highly susceptible, twenty genotypes 

showed moderately susceptible response while twenty-one mungbean genotypes showed 

least susceptible reponse. The maximum 1.78 thrips population per 10 flowers was 

observed in PUSA 0672 germplasm followed by GM 11-02 which showed 1.67 thrips per 

10 flowers while minimum 0.67 thrips population per 10 flowers was found in MH 810 

germplasm in comparison to check germplasm SML 1811 R and ML 623 S which 

showed 1.22 and 1.87 thrips per 10 flowers, respectively. Furthermore, in the same year 

Kumar et al. (2019)  investigated the mungbean genotypes resistance against major 

sucking insect pests under field conditions. The maximum infestation 2.93 thrips per ten 

flowers was observed in LGG 460 genotype and minimum 1.28 thrips per ten flowers 

was observed in DGG 6 genotype. Recently Asif et al. (2020)  evaluated six cotton (FH-

142, FH-598, BS-15, IUB-13, MNH-992, NIA-NOORI) varieties for seasonal population 

dynamics of thrips under natural prevailing conditions and found that no entity was 

completely immune from thrips infestation. However, the lowest mean thrips population 

was recorded in NIA- NOORI variety while maximum attack of thrips was observed on 

MNH-992. 

2.2 Impact of Weather on Population Fluctuation of Thrips on Mungbean 

Insects are capable of surviving within certain environmental limits. Weather 

parameters play a noteworthy role in the population fluctuation sucking insect pests 

(Panickar & Patel, 2001). Farooq et al. (2019) found the direct relation of temperature 

and relative humidity to the population of thrips in citrus. 
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2.2.1 Temperature 

Bale et al. (2002) found that temperature is the main abiotic factor in the 

fluctuation of pest population. Arif et al. (2006) found that temperature played a 

significant and positive correlation with the thrips population. Furthermore,Yadav and 

Singh (2006) developed forecast model against Caliothrips indicus. During rainy season, 

collective effects of weather factors were more distinct with maximum temperature, 

while minimum temperature showed negative response in summer. Similarly, Khan et al. 

(2008) investigated the correlation of average population of Thrips tabaci to weather 

factors on eight genotypes of cotton. They observed that temperature showed positively 

correlation with thrips population. In the same year, Khan et al. (2008) investigated the 

impact of temperature onthe thrips densityin mungbean. The maximum thrips per leaf 

density was observed on 23rd August 2005. The temperature and thrips population had 

significant and negative correlation (r=-0.860). 

 Next year Nitharwal and Kumawat (2009) investigated  the population dynamics 

of thrips, whitefly and jassid in mungbeanin relation to abiotic factors. It was found that 

maximum temperature showed a significant negative correlation of these insect pests (in 

2006 r = -0.61, -0.56 &-0.54 and in 2007 r = -0.65, -0.78 & -0.52). Thrips showed 

significant and positive correlation with minimum temperature (in 2006 r = 0.67 and in 

2007 r = 0.56). Furthermore, Shivanna et al. (2011) investigated that thrips population 

increase with maximum temperature while minimum temperature showed non-significant 

results.In the same year, Khan et al. (2011) observed the temperature effect on thrips 

(Thrips tabaci L.) in mung bean crop. Their results showed that temperature had 

significant and negative correlation (r = -0.860). 

Akram et al. (2013) investigated the role of weather on thrips population in 

cotton. On accumulative basis strong positive correlation of thrips was observed with 

minimum temperature. In the same year Patel et al. (2013) revealed that on thrips 

population maximum temperature had positive impact. However, Saleem et al. (2013) 

found that maximum and minimum temperature showed non-significant correlation with 

thrips population. In the next year Zala et al. (2014)  found that thrips has significantly 

negative association with maximum temperature. Moreover, Smith et al. (2016) 
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discovered that when temperatures exceeded 17 °C, T. tabaci densities increased 

significantly and 90% of the thrips were collected between 20.8 and 27.7 °C. No thrips 

were caught over 30.6 °C. In the same year Patel et al. (2016) investigated the role of 

weather factors on sucking insect pests population in transgenic cotton under natural field 

condition. The peak thrips population was observed in 40th standard week. Maximum 

temperature exhibited significant positive impact on all the sucking insect pests. While 

the minimum temperature exhibited non-significant impact on the density of thrips. In the 

same year Kumar and Singh (2016) recorded the highest population of flower thrips 

during 37th standard week in black gram. Flower thrips density hadnon significant 

positively correlation with maximum and minimum temperature. 

 Ahmed et al. (2017) investigated the influence of abiotic factors on the thrips 

population in six cotton cultivars. Higher number of thrips density was observed at 29-

35oC which declined at 40°Ċ. In the same year Janu et al. (2017) investigated the thrips 

population buildup with correlation of weather factors for two seasons 2014 and 2015 in 

cotton. During first year all of the climate parameters have been non-notably correlated 

with the thrips population whereas, throughout second season maximum temperature 

correlated significantly negative with the thrips population while significant positive 

correlation was observed with minimum temperature. Furthermore, Reddy et al. (2017) 

reported the correlation between Scirtothrips dorsalis with weather variables and found a 

significant negative correlation between maximum, minimum, mean temperatures with r-

values -0.51**,-0.80**,-0.87** during Kharif, 2015-16. While during kharif 2016-17, 

maximum, minimum, and mean temperature showed negatively significant with the 

population of thrips with r values -0.59**, -0.83** and -0.87**, respectively. In the same 

year, Tamang et al. (2017)  found that thrips attained maximum population in second 

week of April. The maximum temperature showed highly positive and significant 

correlation with r = 0.78. 

Saleem et al. (2018) evaluated that in cotton crop average temperature showed 

positive response against sucking insect population. Farooq et al. (2019) found positive 

correlation of different life stages of thrips with temperature in citrus. In the same year 

Bala et al. (2019) concluded from the two years mean data that among the weather factors 
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maximum temperature showed positive correlation with, S. dorsalis population in cotton. 

Similarly Qayyum et al. (2019) found that temperature had a positive correlation with T. 

tabaci in cotton crop. Recently Raut et al. (2020) investigated the thrips population 

dynamics in onion and found that thrips population had significant positively correlation 

with temperature in 1st and 2nd date of transplanting (DOT) and negatively in 3rd DOT 

due to extremely high temperature coupled with maturity of crop. Bora et al. (2020) 

found that maximum temperature had significant positive effect on thrips population 

buildup. Furthermore Tirkey et al. (2020) reported that temperature had positive 

correlation with chilli thrips population. Similarly Asif et al. (2020) found that thrips 

correlated positively with minimum temperature and  maximum temperature. Ali et al. 

(2020) observed that temperature had non significant influence on population of thrips. 

Karuppaiah et al. (2020) found that thrips population had a significant negative 

correlation with temperature [maximum (r = -0.726**), minimum (r= -0.670**) and 

average (r= -0.719**)]. 

2.2.2 Rainfall  

Arif et al. (2006) found that rainfall had not a considerable role in thrips 

population fluctuation.In the same year, Yadav and Singh (2006) developed forecast 

model against thrips by incorporating different abiotic  parameters of weather and thrips 

population. During the monsoon season, rainfall had a detrimental influence on the thrips 

population. Furthermore, Khan et al. (2008) observed that rainfall showed positive 

correlation with thrips population.However Sedaratian et al. (2010) found that thrips have 

negative association with rainfall. Next year, Shivanna et al. (2011) found that rainfall 

had non-significant result on thrips population. However Shahid et al. (2012) observed 

negative relationship between thrips population and rainfall . Due to mechanical impact 

rainfall causes mortality of insect  which wash small insects down onto the soil and the 

indirectly rainfall increases the humidity (Semeao et al., 2012). 

Patel et al. (2013) found that on thrips population rainfall had negative impact. 

However Saleem et al. (2013) found that rainfall showed non- significant correlation with 

thrips population.In the next year, Morsello et al. (2014) reported that thrips population 

may be affected by rainfall by direct and indirect way. Furthermore Patel et al. (2016) 
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found that precipitation had negative impact on all the sucking insect pests. In the same 

year Kumar and Singh (2016) found that flower thrips densityin black gram showed 

positive and non significant correlation with total rainfall. Furthermore, Saini et al. 

(2017) also affirmed the negative relation of thrips with rainfall. Similarly, Reddy et al. 

(2017) reported the correlation between S. dorsalis with weather variables and found a 

significant negative correlation with rainfall with r-values-0.55** during Kharif, 2015-16. 

While during kharif 2016-17, rainfall showed negatively significant correlation with the 

thrips population with r values -0.59**.  

In the next year Saleem et al. (2018) found that in cotton rainfall exerted negative 

response against sucking insect pests population. Similarly Barbosa et al. (2019) found 

that thrips increased in dry periods and observed a negative impact of rainfall on thrips 

population in multiple regression analysis. Furthermore Qayyum et al. (2019) observed 

that rainfall had a positive correlation with T. tabaci in cotton. In the same year, Bala et 

al. (2019) found that thrips were unaffected by rainfall in cotton. Furthermore, Farooq et 

al. (2019) observed that in citrus rainfall had significantly negatively correlation with 

thrips population.Similarly, Raut et al. (2020)  found that rainfall had negative impact on 

thripspopulation in onion crop. Tirkey et al. (2020) found that chilli thrips had negatively 

correlation with total rainfall.  

2.2.3 Relative humidity 

 Arif et al. (2006) found that relative humidity had not a considerable role in thrips 

population fluctuation. However, temperature, humidity and rainfall collectively 

exhibited 36.8% impact on thrips population by multivariate regression analysis. In the 

same year, Yadav and Singh (2006) found negative response of relative humidity against 

thrips. Furthermore, Khan et al. (2008) investigated the correlation of average population 

of T. tabaci to weather factors in cotton crop. They observed that relative humidity had 

positive correlation with thrips population.In  the same year, Khan et al. (2008) 

investigated the impact of relative humidity onthethrips population in mungbean and 

reported that relative humidity and thrips population showed significant and positive 

correlation (r= 0.569). 
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Similarly, Nitharwal and Kumawat (2009) reported the population dynamics of 

thrips, whitefly and jassid in mungbeanin relation to abiotic factors. The results showed 

positive significant correlation of said insect pests with relative humidity (in 2006 r = 

0.62, 0.63 & 0.68 and during 2007 r = 0.70, 0.56 & 0.72). However, Sedaratian et al. 

(2010) found that thrips have negative association with relative humidity. Next year, 

Shivanna et al. (2011) found that relative humidity had non-significant results against 

thrips.In the same, year Khan et al. (2011) observed relative humidity effect on thrips (T. 

tabaci L.) in mung bean crop and found that R.H had noteworthy and positive correlation 

withthepopulation of thrips. However, Shahid et al. (2012) found the  negative 

relationship between thrips population and relative humidity. 

Akram et al. (2013) found that in cotton thrips population showed negative 

correlation with relative humidity. Similarly, negative impact of relative humidity against 

thrips was also observed by Patel et al. (2013). In the same year, Saleem et al. (2013) 

studied that R.H. has positive and noteworthy correlation with thrips population. 

Furthermore, Kumar and Kumar (2015) found that abiotic factors have a significant 

influence on the infestation and stabilization of various insect pests in cowpea and 

reported that thrips density had a  negative association with relative humidity. In the next 

year, Patel et al. (2016) found that relative humidity had non significant impact on the 

thrips density. Furthermore, Janu et al. (2017) investigated the thrips population buildup 

with correlation of weather factors for two seasons in cotton. During the first year all of 

the climate parameters have been non-notably correlated with the thrips population 

whereas, throughout second season significant positive correlation was observed with 

relative humidity. In the same year, Reddy et al. (2017) reported negative correlation 

between S. dorsalis with relative humidity (r = -0.66**). In the same year, Tamang et al. 

(2017) found that relative humidity had significant negative correlation against thrips. In 

the next year, Saleem et al. (2018) found that relative humidity had negative response on 

sucking insect pests population in cotton.  

Similarly, Farooq et al. (2019) observed significant negative correlation of thrips 

population with humidity in citrus. Furthermore, Qayyum et al. (2019) observed negative 

correlation of thrips with relative humidity in cotton crop. Recently, Raut et al. (2020) 
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observed that in onion crop relative humidity had negative impact on T. tabaci 

population. Bora et al. (2020) observed that average relative humidity had significant 

negative effect on thrips (-0.661** and -0.576**) in Bhut Jolokia crop which showed that 

R.H had the deep influence in suppressing the thrips population. In the same year, Tirkey 

et al. (2020) observed that relative humidity had non-significant correlation with the 

incidence of thrips. Furthermore, Ali et al. (2020) evaluated the impact of environmental 

factors on the eggs and adults of thrips and found that humidity had non significant effect 

on thrips population. Asif et al. (2020) reported negative association of thrips with 

relative humidity. Sahani et al. (2020) found that minimum relative humidity played a 

significant role (r= 0.643*) on thrips population. Multiple regression analyses revealed 

that combined effect of abiotic factors on population build-up of thrips was 89.8% (R2 

=0.898*). Karuppaiah et al. (2020) observed that thrips had significant positive 

correlation with R.H mean (r= 0.588*). This indicates that activity of thrips population 

increases with the rise of mean relative humidity. 

2.3 Physio-morphic Plant Characters 

Very little work has been reported on physiomorphic plant characters of 

mungbean in relation to thrips therefore the work done on other crops is reviewed here. 

Moisture contents showed significant and positive correlation with thrips 

population in cotton (Zia & Chaudhary, 1994). However, Ali et al. (1995) found that the 

leaf moisture contents of different cotton genotypes was not so significant for population 

of thrips. Furthermore, Raza et al. (2000) found that thrips density increased with the 

increase of plant height. Arif et al. (2004) investigated the impact of morphological plant 

traits in various cotton genotypes and found that all cotton genotypes significantly 

differed in expression of thrips resistance regarding morphological plant characters. They 

stated that cumulatively all the morphological plant traits contributed to thrips resistance 

by 75.6%.In the next year Arif et al. (2005) tested the some morpho-physical plant 

characters role presenting resistance against thrips in various genotypes of  cotton and 

found that all the examined cotton genotypes considerably differ in relation to all 

morphological plant characters. According to Ibrahim and Adesiyun (2009) the effect of 
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age and height of onion crop effect on thrips population. They found that oldest and 

tallest plants had highest thrips population.  

 Mustafa et al. (2010) reported the leaf morphology effect on the occurrence of 

thrips on different cotton genotypes. In the same year Jilani et al. (2010) found that wider 

plant spacing improved plant growth characters like plant height, leaves per plant, bulb 

diameter and weight but this reduced yield per plot and total yield which may be due to 

thrips attack. Similarly, Saleem et al. (2013) evaluated twenty genotypes of Bt-cotton 

against Thrips tabaci (Lind.) and correlated thrips population with morphological plant 

characters to establish mechanism of resistance. They found that moisture contents have 

significantly correlaton (r = 0.571**) with thrips density in cotton crop. In the next year 

Khan et al. (2014) found that seven genotypes of cotton showed significantly different 

results in case of various morphological characters against thrips. They found that 

morphological characters take part in resistance against thrips and can be used in IPM 

model. Furthermore, Ali et al. (2016) found that plant heights are positively correlated 

with thrips in onion crop. Similarly Khalil et al. (2017) reported that thrips population has 

positive correlation with  plant height in cotton. However next year Saleem et al. (2018) 

reported contrary results that plant height showed negative correlation with thrips density 

in cotton crop.  

2.4  Chemical Plant Characters  

Nitrogen and crude protein contents have positive correlation with thrips 

population and could be proficient criteria for screening the resistance cotton varieties 

against thrips (Riaz et al., 1988). Similarly, Javed et al. (1992) observed that nitrogen 

contents have a positive correlation with thrips attack in cotton plant. Chhabra et al. 

(1994) reported that SML99 and SML100 showed resistance because of high contents of 

total sugars, non-reducing sugars, calcium and potassium. In the same year, Zia and 

Chaudhary (1994) found that protein content showed negative correlation with thrips 

population in cotton. However, Ali et al. (1995) found that the nitrogen and manganese 

exhibited positive response towards thrips infestation while zinc showed negative 

correlation with thrips populations. Ali (1999) reported that nitrogen, potassium, zinc and 

copper exhibited positively correlation with thrips population.  
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Hasan et al. (2000) reported that low level of nitrogen, phosphorus, potassium, 

copper and zinc led to resistance of thrips. Furthermore, Indiati (2004) studied that 

mungbean (V. radiata L.) cultivar MLG-716 constantly showed the resistance against 

thrips attack. The constant resistance of MLG-716 against thrips was due to lower total N 

and higher fibre contents. Tahir (2013) reported that phosphorus showed negative 

correlation with respect to thrips population. Furthermore Saleem et al. (2013) evaluated 

twenty genotypes of Bt-cotton against T. tabaci (Lind.) and correlated thrips population 

with chemical characters to establish mechanism of resistance. Thrips population was 

significantly correlated with protein, total minerals, reducing sugar, calcium, magnesium, 

and zinc contents.  

Kandakoor et al. (2014) reported that total sugar (r = 0.313, 0.38) and reducing 

sugars (r = 0.408, 0.337) exhibited positive association with the population of thrips and 

their damage per cent. In the same year Khan et al. (2014) found that seven genotypes of 

cotton showed significantly different results in case of various biochemical characters 

against thrips. Negative and highly significant correlation with thrips population was 

observed in case of phosphorous contents of leaves (-0.490). They reported that nitrogen, 

potassium and copper were positively correlated with thrips population while zinc 

showed negative correlation with thrips populations. Principle component analysis of 

chemical factors showed that phosphorus content (0.064%) was not so an important 

factor. So, it was observed that biochemical characters take part in resistance against 

thrips and can be used in IPM model.  

Bhatti et al. (2015) studied the chemical plant characters on jassid population in 

cotton. Total minerals exerted significantly positive effect while significantly negative 

correlation of jassid population was observed by reducing sugar, calcium and manganese. 

They reported that jassid population had non significant correlation with phosphorus, 

potassium, copper, zinc and ferrous. In the same year, Silva et al. (2015) assessed 

chemical plant characteristics of onion cultivars and their resistance to thrips. They 

evaluated that cultivars BR 29 and Sirius showed resistance due to the presence of 

resistance-conferring substances in the chemical compostion of plants.  
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Furthermore, Shah et al. (2016) tested the chemical composition of seven maize 

cultivars Jalal, Babar, Azam, Iqbal, Climax 30M62, Pahari, and Climax 3055 against 

different insect pests. Results showed that higher ash contents, minimum percentage of 

moisture and protein contents proved to have contribution for resistance against insect 

pest in maize cultivars. Among the seven tested cultivars of maize, Climax 3055 showed 

resistance against insect pests. Chandrayudu et al. (2016) reported total sugars showed a 

positive relationship with thrips number in peanut.Furthermore, Njau et al. (2017) found 

that in onion, the total sugars content have a positive correlation with thrips number. 

Recently Abdelmaksoud et al. (2020) found that in strawberries association between 

mean number of Frankliniella occidentalis and leaf nitrogen was not significant. They 

also observed that phosphorus and potassium content of leaves had significant association 

with mean numbers of F. occidentalis. The maximum mean numbers of thrips were 

found on Fortuna strawberry cultivar with high levels of phosphorus and low levels of 

potassium contents.  

2.5 Seed Treatment  

 Ester and Huiting (2001) reported the effectiveness of seed treatment of 

imidacloprid against thrips and found that seed film coated with imidacloprid effectively 

controlled the thrips population for twelve weeks after transplanting on the seed bed of 

Allium porrum. In the next year, Rao and Rao (2002) observed that good plant growth, 

vigour and moderately effective control of  thrips by thiamethoxam 70WS and 

imidacloprid 70WS both @ 3 g/kg of seed treatment. Similarly, Nakat et al. (2002) found 

that imidacloprid 70 WS @ 0.5% and thiamethoxam at 0.2, 0.3 and 0.5 % a.i. per kg seed 

gave effective thrips control in mungbean. Furthermore, Dhandapani et al. (2002) found 

that imidacloprid seed treatment controlled thrips for up to 8 weeks after sowing. 

 Nayak et al. (2004) studied the different insecticides combinations efficacy 

amongst which imidacloprid as seed treatment against thrips was most effective. 

Furthermore, El-Dewy (2006) observed that imidacloprid had comparatively fast and 

long lasting action against thrips. Similarly in the same year El-Naggar (2006) found that 

imidacloprid was efficient against thrips for seven weeks after planting. Similarly 

Karabhantanal et al. (2007) also observed that imidacloprid 70 WS  at 10 g/kg seed 
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treatment recorded significantly lowest number of thrips.  In the same year, Rao et al. 

(2007) found that imidacloprid 70 WS seed treatment were successful against thrips on 

blackgram.  

Reisig et al. (2012) found that in soybean both imidacloprid and thiamethoxam 

reduced thrips densities in comparison with untreated control. In the next year, El-Naggar 

and Zidan (2013) found that from the onset of cotton seed planting, imidacloprid seed 

treatment protected cotton seedlings for at least 6 weeks from thrips. In the next year 

Duraimurugan and Tyagi (2014) carried out field experiments to explore pest status, 

change in pest spectra and succession and their loss in mungbean and urdbean yield under 

changing environmental situation. They found that among other pests in Kharif season 

Bean Flower Thrips (M. usitatus) has now gained a status of major pest. Imidacloprid 

17.8 SL seed treatment caused 40.2-81.4% reduction in sucking pests. In the same year 

(2014) observed that imidacloprid 17.8 SL seed treatment caused 40.2 -81.4 % reduction 

in sucking pests in blackgram.  

Somasunder et al. (2016) reported that the imidacloprid at 5 ml and 10 ml kg-1 

seed treatments in mungbean were highly efficient against thrips attack up to thirty days 

after germination. Furthermore Nataraja et al. (2016) tested the seed treatment 

imidacloprid against thrips at different concentrations on groundnut. Imidacloprid seed 

treatments showed good results in lowering the population of insect pest. In the next year 

Sujatha and Bharpoda (2017) found that thiamethoxam 25 WG @ 0.01% (0.33) was 

considerably superior than the rest of the other tested insecticides and was not 

significantly different with imidacloprid 70 WG @ 0.014% (0.46). The effectiveness of 

these insecticides also improves the green gram yield. Similarly in the same year Tang et 

al. (2017) found that thiamethoxam 350 FS seed treatment gave excellent control of rice 

thrips at 28 days after sowing which resulted significant increase in yield compared to 

untreated control. Furthermore Shobharani et al. (2017) tested the field effectiveness of 

new seed dressing chemical imidacloprid 60 FS at different doses against green gram 

early season sucking pests. Among the tested doses for protecting the crop from the early 

season sucking pests including thrips the higher doses of imidacloprid 60 FS, i.e., at 10 
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ml and 15 ml/ kg of seeds were proved superior in, up to 40-45 days after sowing and 

recorded significantly highest grain yield.  

Kar et al. (2018) found that seed treatment with imidacloprid 48 FS @ 5 ml/ kg 

was highly efficient against sucking pests like whiteflies, aphids and thrips in mungbean. 

Imidacloprid seed treatment proved more effective against thrips and recorded highest 

yield (8.9 quintal/ha). Furthermore, Radhika et al. (2018)found the effectiveness of 

different novel group of insecticides against sucking pest complex in blackgram. Results 

showed that among all the tested insecticides imidacloprid WS 70 @ 5 g/kg was found to 

be the most effective treatment against thrips population in rabi blackgram. Ding et al. 

(2018) found that corn seeds treatment with imidacloprid, thiamethoxam and 

clothianidin, can provide efficient control of thrips thrips which ultimately reduce yield 

losses. 

 Singh et al. (2019) determined the relative effectiveness of different newer 

insecticides against green gram sucking insect pest. The results revealed that acetamiprid 

(0.004%) found to be the most efficient followed by imidacloprid (0.005%). The 

treatments of thiamethoxam (0.005%) stood in middle order of efficacy. Furthermore, 

Yasmin et al. (2019) studied the effectiveness of bio-pesticides and chemical insecticides 

to control thrips infesting mung bean. The performance of the treatments was 

substantially different and provided successful results in reducing the mungbean thrips 

population. The lowest flower infestation and shedding by thrips with the highest number 

of pods per plant, seed/pod, 1000 seed weight and yield were observed in Stargate 48SC 

followed by Confidor 70WG treatments. Recently Kumar et al. (2020) found that seed 

treatment of imidacloprid reduced the thrips population significantly and also recorded 

higher yield of chilli fruits. They also observed that imidacloprid seed treatment even at 

highest doses did not cause phytotoxicity in the chilli plants. 

2.6 Botanical Control 

 Nisbet (2000) found that A. indica has many excellent characteristics like 

systematic plant action, quick environmental degradation, and small impacts on 

biological control agents. In the same year Copping and Menn (2000) reported that 
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botanical insecticides have a safer and much better alternative than conventional 

insecticides to insect pest control programmes. Aslam and Naqvi (2000) observed that 

neem products were very efficient against sucking insect pests (thrips, whitefly, jassid 

and aphid) in cotton. Rahman (2004) found that botanicals, like azadiractin, gave 

significant results in reducing population of mungbean flower thrips.  

 Hassan et al. (2006) observed that neem based bio-pesticides effectively manage 

the population of sucking insect pest in cotton crop. Thoeming and Poehling (2006) 

reported that neem products have advantage of extremely low mammalian toxicity 

compared to conventional synthetic pesticides. Furthermore Khattak et al. (2006) found 

that 2% neem oil concentration and 3% neem seed water extract concentration 

considerably control the thrips up to 168 hours after spray on cotton. Furthermore, 

Oparaeke et al. (2006) observed the insecticidal effect of aqueous extracts of Piper 

guineenseSchum and Thonn (West African black pepper) seeds mixed at three 

proportional levels i.e., 10:10, 10:20, and 20:10% w/v with A. indica (Neem) seeds, 

Xylopia aethiopica (Dunal) A. Rich pods (African pepper), Allium sativum L (garlic) 

bulbs and Syzigium aromaticum (L.) Merr. & Perr (clove) infloresence against thrips. All 

botanical extracts were superior at different combination proportions in comparison to the 

control.  

In the next year Oparaeke (2007) evaluated the effectiveness of crude aqueous 

extracts of chilli pepper, Capsicum annum L and Citrus sinensis L., peel in combination 

with other plant species extracts on thrips. Superior control of thrips (5.05 thrips per 

flower) in cowpea was observed Chilli pepper crude extract mixtures with neem leaf 

treated plots and, in the end, ensuring better pod load per plant. Most effective thrips 

suppression and maximum pod setting/plant was observed in the combination of neem 

leaf extract with chilli pepper as compared to check uppercott. Ahmed et al. (2009) found 

that variety of botanicals were effective against sucking insect pest including thrips.  

Kadri and Basavana Goud (2010) reported that neem extract significantly reduced 

the thrips population in onion. In the same year, Rukhsana et al. (2010) observed that 

neem (Azadirachta indica) extract at 0.015% concentration were effective to control 

insect pests. In the next year Mochiah et al. (2011) found that plant extracts can 
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significantly control the sucking insect pest population. Aliakbarpour et al. (2011) 

determined the effectiveness of neem oil and imidacloprid, on thrips populations. Both 

neem oil and imidacloprid efficiently managed the thrips population in comparison with 

untreated control. Rashid et al. (2012) noted that the thrips, whitefly and jassid population 

were significantly reduced by 2% of neem oil and the 3% of neem seed water extract up 

to 12 days in comparison to untreated control. In the same year Fiaz et al. (2012) reported 

that plant derivatives significantly controlled the thrips population. Neem oil and neem 

leaf extract exerted higher mortality against thrips.  

In the next year, Khan et al. (2013) evaluated the effictiveness of certain plant 

products against the cotton pests and found that datura and neem oil were most successful 

and caused noteworthy suppression in the sucking insect pests including thrips 

population. In the next year Hossain (2014) found that thrips infestation can be  reduced 

siginficantly by spraying botanicals in mungbean crop.  Similarly Iqbal et al. (2015) 

found that neem considerably reduced thrips population and reduced fruit damage by 

3.38 %, resulting in maximum 3178.7 kg/ha pod production in okra crop. In the next year 

Nadeem et al., (2016) found that neem oil at1, 2 and 3% exhibited comparatively low per 

infloresence thrips population than untreated control and neem oil at 3% exhibited 

relatively best results against thrips. Similarly, toxicity of neem + Spilanthes  against 

thrips were reported by Subba (2016) with 72.27% suppression. 

Next year Ali et al. (2017) studied the neem product effect on thrips and found 

that during first spray reduction of thrips in neem oil treated plot was 43.33% and 40.42% 

by neem kernal, while during second spray it was 57.88% by neem oil and 52.42% by 

neem kernal as compared to untreated plot which was 10.31% during first spray and 

14.77% during second spray. Furthermore, Sathua et al. (2017) investigated the 

effectiveness of four insecticides and three botanicals (Allium cepaextract, Allium 

sativum extract and NSKE) against chilli thrips. Among botanicals, maximum mortality 

of thrips 64.50% was recorded in NSKE 5% while comparatively less performance was 

observed in in garlic and onion extracts which was 55.98% and 51.53% respectively.   

In the next year, Asawalam and Constance (2018) tested the efficacy of seven 

plant extracts including neem leaf (A. indica) against the insect pests of mung bean. They 
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observed that all treatments effectively managed mungbean insect pest. Asif et al. (2018) 

found that all the neem derivatives and imidacloprid effectively reduced the sucking 

pest’s population in comparison with control in cotton. Neem oil @ 5% concentration 

was most effective resulting highest 68.02% thrips mortality followed by neem seed 

water extract @ 5% and neem oil @ 3% concentration. Maximum yield was observed in 

imidacloprid, neem oil and neem seed water extract @ 5% concentrations treated plots 

with 2626.7, 2551.1 and 2437.8 kg/ha yield respectively as compared to 1703.3 kg/ha 

yield in control. Recently Singh et al. (2020) found that highest mean percent reduction 

of thrips population (90.44 and 79.59%) in flowers of summer mung bean was recorded 

with Neem seed kernel extract (NSKE) at 5% which resulted high grain yield. 

2.7 Sticky Traps 

 Hoddle et al. (2002) tested three colored sticky cards (blue, white and yellow) for 

their attractiveness to Scirtothrips perseae, Franklinothrips orizabensis and Frankliniella 

occidentalis in an avocado orchard. Yellow cards captured more number of S. perseae 

and white colored cards were most attractive to F. occidentalis and F. orizabensis. Blue 

cards capture rate declined in case of F. occidentalis and S. perseae while in case of F. 

orizabensis this trend was not observed. Furthermore, Chen et al. (2004) evaluated 

various types of sticky traps for catching western flower thrips and observed that blue 

sticky traps  attracted more number of thrips as compared to yellow or white sticky traps. 

One study found that blue and white sticky traps were most favored colorations for 

several species of thrips, which includes T. tabaci. Blue traps captured considerably 

greater thrips than the white color sticky traps Liu and Chu (2004).  

Demirel and Cranshaw (2005) studied the thrips species behavior to different 

sticky trap colors and found that neon yellow, orange, neon orange and neon pink colors 

were attractive to thrips species. In the same year, MacIntyre-Allen et al. (2005) 

investigated the onion thrips population fluctuation by the white sticky traps and counting 

thrips population on plants. The results indicated that sticky traps detected thrips more 

consistently than plant counts. Next year Chu et al. (2006)  foundthat yellow sticky traps 

may be used for monitoring S. dorsalis populations.  
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However Harman et al. (2007) identified that among four colours (green, blue 

yellow and white) sticky traps, green sticky cards catch maximum number of  bean thrips, 

Caliothrips fasciatus (Pergande) population. In the same year Natwick et al. (2007) 

observed that blue sticky cards were more efficient than yellow sticky cards against thrips 

species. They further observed significant negative correlation between thrips number on 

plant samples and colored sticky traps. Since blue sticky traps attracted more number of 

thrips as compared to whole plant samples so blue traps can be used for detection of early 

thrips presence in the field.  Furthermore, Ranamukhaarachchi and Wickramarachchi 

(2007) studied the reaction of  Ceratothripoides claratris to different color traps (yellow, 

white,  blue, light green, dark green, purple, orange, red and black) in tomato field. As 

compared to other colors blue and white color traps attracted more number of C. 

claratris. Higher infestation of thrips was observed in tomato plots where no sticky traps 

were installed.  

 Demirel and Yildirim (2008) determined that yellow, blue, and white sticky 

colour traps were very attractive for thrips (T. tabaci Lindeman) monitoring in cotton. 

According to Pizzol et al. (2010) number of thrips recorded with the aid of using yellow 

sticky traps correlated with determined through tapping flower heads or  real counts of 

entire plant. Results confirmed that yellow sticky traps are satisfactory for accurate 

counting of thrips of rose flora in green houses. In the next year, Aliakbarpour and Rawi 

(2011) determined the effectiveness of yellow sticky traps for thrips monitoring in mango 

(Mangifera indica L.) orchard and observed that yellow sticky traps is a useful tactic for 

thrips sampling and have the potential to satisfactory estimate of thrips  population. In the 

same year Atakan and Bayram (2011) studied the efficiency of capturing of  western 

flower thrips of four colored sticky traps (yellow, white, green and blue) in cotton crop. 

In two year study, white colored sticky trap capture more F. occidentalis and prove most 

attractive for thrips.  

Broughton and Harrison (2012) evaluated that more thrips species (F. occidentalis 

Pergande), (T. imaginis Bagnall), (T. tabaci Lindeman) were captured on blue, yellow 

and white bases. Moreover, seven times more F.occidentalis (Pergande) were captured on 

commercially available sticky traps of seabright than yellow. In the same year Malik et 
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al. (2012) found that the most noteworthy attraction to thrips (S. dorsalis) become located 

in okra on yellow color trap followed by green color. In the next year Elekcioğlu (2013) 

tested blue, yellow and white sticky traps for their attractiveness to thrips in lemon and 

orange orchards and found that in both orchards blue sticky traps captured maximum 

number of thrips. Blue sticky traps can be used for the estimation and control of thrips 

density.  

Al-karboli and Al-Anbaki (2014) studied the effectiveness of different colored 

sticky traps on onion thrips and observed that white or blue sticky traps were notably 

desirable for T. tabaci Lindeman than yellow-colored traps. They strongly recommended 

the use of white or blue sticky traps in onion fields for monitoring and reducing thrips 

population. However Gharekhani et al. (2014) observed that for monitoring of thrips 

yellow sticky trap was the appropriate one. In the same year Muvea et al. (2014) 

investigated the potential use of different coloured sticky traps in French bean field for 

monitoring the thrips population in two planting periods. In the first and second planting 

period blue traps proved better because blue traps captured 2 to 3 times more thrips than 

yellow traps with least influence on natural enemies. 

Sridhar and Naik (2015) evaluated different color sticky traps against chilli thrips 

(S. dorsalis) on Rose. Blue color traps attracted more number of thrips followed by 

yellow and pink color sticky traps. In the same year Thongjua et al. (2015) investigated 

seven sticky trap colors (yellow, purple, white,blue, green, black and orange) for catching 

thrips population. Yellow followed by blue sticky trap was found more effective in 

catching thrips with the average number 18.19 and 10.81 thrips per trap respectively per 

14 days. The purple color sticky trap was found lowest in effectiveness in catching thrips 

population with average number 7.38 thrips per trap per 14 days.  

Mohan et al. (2016) deterrmined the effectiveness of five different colored sticky 

boards (green, white, yellow, violet and orange) against thrips in onion crop. Among 

different colored sticky boards green color sticky boards were observed more effective 

against thrips than yellow followed by violet, orange and white colored sticky boards 

which were found at par with each other. In the same year Tang et al. (2016) investigated 

the reaction of bean flower thrips (M. usitatus) to distinctive-colored sticky traps on 
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cowpea. Maximum numbers of thrips were captured on blue, light blue, white, and purple 

traps. However Rőth et al. (2016) concluded that onion thrips were equally attractive to 

yellow and white traps.  

Next year Devi and Roy (2017) studied the preference of different colored traps 

(blue, yellow, white and fluorescent green) against onion thrips. They found that a greater 

number of thrips were attracted by bluecoloured sticky traps over the crop growth period 

than other coloured sticky traps. They suggested that blue colored sticky traps can be 

used for monitoring and mass trapping of thrips as a component of IPM programme. 

Furthermore Muthuram et al. (2017) tested the effectiveness of five various colored 

sticky boards viz., yellow, green, orange, white and violet in Onion (Allium cepa L.). 

Green colored sticky board captured more number of thrips as compared to othe colored 

boards. Furthermore Muvea et al. (2017) studied the effectiveness of sticky traps for 

thrips monitoring  in tomato. They observed that blue traps captured a greater number of 

Frankliniella schultzei (Trybom) and Ceratothripoides brunneus (Bagnall) than yellow 

traps. In the same year Wagan et al. (2017) investigated that yellow sticky trap was most 

effective for monitoring and managing the thrips population in okra (Abelmoschus 

esculentus L.) at sub tropical climate conditions.  They also found that yellow color 

sticky traps are less expensive and are less hazardous than chemical pesticides and can be 

used as an alternative for the protection of okra crop.  

Recently Pobozniak et al. (2020) tested the efficacy of three different trap colors 

(blue, yellow and white) in order to determine the best trap colour for the monitoring of 

thrips. The number of captured thrips specimens was greatly influenced by the color of 

the trap, with blue and yellow being the two most desirable trap base colors for thrips. 

Overall, blue traps were the most successful ones for thrips monitoring in pea fields 

among the trap colours tested and could be used as an early detection technique. In the 

same year Hossain et al. (2020) studied the various color preferences viz., blue, yellow, 

white, green and pink against S. dorsalis in chilli under field conditions. The color traps 

used, at 35 days after installation (DAI) of trap blue color attracted maximum number of 

S. dorsalis adults followed by white, yellow, green and pink with 8.44, 5.43, 4.30, 3.52 

and 3.40 thrips per square inch area of trap color respectively.  
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2.8 Entomopathogenic Fungi 

 Shahid et al. (2012) reported that insect pests may be controlled by the use of 

fungal entomopathogens. In the next year  Arthurs et al. (2013) found that 

entomopathogenic fungi may be used as a management strategy for low to moderate 

population of chilli thrips (S. dorsalis) offering a tool for small number of resistance 

management to insecticides that are efficient against this pest. Similarly Ghelani et al. 

(2014) observed that biopesticides were efficient in reducing the thrips population, they 

cause moderate mortality. Furthermore Hemalatha et al. (2017) stated that 

entomopathogenic fungi can be substitute to chemical insecicides and can play a 

noteworthy role in bio-intensive management of pest. Chilli thrips (Scirtothrips dorsalis 

Hood) can be managed by Entomopathogenic fungi. Recently Bara and Laing (2020) 

evaluated that EPF as an substitute to chemicals for the management of thrips on 

avocado. Similarly Dannon et al. (2020) reported that entomopathogenic fungi as a 

biopesticide can ensure good quality of crops and can be evaluated to protect the 

ecosystem and biodiversity. 

2.8.1 Verticillium lecanii 

 Van der Schaaf et al. (1990) found that weekly sprays of the V. lecanii fungus 

caused 60% infection rates in WFT on cucumber. Similarly Helyer (1993) reported that 

applications of V. lecanii (Zimmermann) Viegas provided efficient management of the 

WFT on chrysanthemum in the greenhouse. Furthermore Palthiya et al. (2017) tested the 

effectiveness of three entomopathogenic fungi and their  combinations with each other at 

same concentrations and was compared with standard check  dimethoate 30EC against 

thrips on okra crop. They found that for the suppression of thrips population combination 

of EPF as M. anisopliae 1.15% WP+ V. lecanii 1.15 % WP was the most efficient as 

compared to dimethoate on okra crop. 

2.8.2 Isaria fumosorosea 

 Arthurs et al. (2013) screened the commercial strains of entomopathogenic fungi 

against chilli thrips. It was observed that I. fumosorosea PFR-97 reduced thrips by 62 to 

66%.It was observed that for the management of low to moderate population of S. 
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dorsalis myco insecticides can be used. Cuthbertson and Audsley (2016) found that 

Isaria fumosorosea appreciably (p < 0.001) decreased the Drosophila suzukii population 

development from infested berries among the tested entomopathogenc fungi. 

2.8.3 Beauveria bassiana 

 B. bassiana (Bals.) Vuill. applied to the plant as a spray reduced the population by 

47% (Brownbridge, 1995). Similarly, Gill et al. (1998) found that weekly application of 

Botanigard, a commercial formulation of B. bassiana, gave complete control of F. 

occidentalis on garden mums in the greenhouse. Ugine et al. (2007) found that when B. 

bassiana spray was applied at the highest label rate in the highest volume with less than 

seven days interval than 3 to 4 sprays significantly reduce thrips population over control. 

The simplest treatment packages decreased pest populations by way of 30 to 40 % in 

comparison to untreated controls. 

 However Singh et al. (2011) found that entomopathogenic fungus was less 

efficient in controlling thrips as compared to chemical insecticide in onion but B. 

bassiana performed better in relation to both reduction in population of thrips as well as 

increasing yield. Shiberu et al. (2013) evaluated some botanical extracts and two EPF 

viz., B. bassiana and M. anisopliae for controlling onion thrips under field conditions. 

Entomopathogeic fungi and untreated control were at par after 24 hours of application but 

after 3rd, 5th and 7th day highly significantly mortality against thrips was observed in EPF 

treated plots. At third day of application botanical extracts exhibited mortality rate 

ranging 26.09-74.75%. On 5th and 7th day, the mortality rate was declined in all 

treatments except B. bassiana. It was observed that all tested agents exhibited 26.09-

74.75% insecticidal action against onion thrips. Treated plots showed low yield reduction 

as compared to untreated plots. Results showed that under field conditions at 

recommended rate B. bassiana gave excellent results against onion thrips. Similarly Zahn 

and Morse (2013) found that all strains of B. bassiana had been able to infect both 

species of thrips i.e., Citrus thrips and Avocado thrips. 

One study found that Naturalis (B. bassiana strain АТСС 74040) @100 ml/da has 

a good effectiveness (over 75%) against different insect pests of green house including 
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thrips (Yankova & Markova, 2017). In the next year Sridevi et al. (2018) found that B. 

bassiana was considerably better to all other treatments and gave the highest cumulative 

mean chilli thrips (S. dorsalis) population reduction of 47.54 per cent. Furthermore, Bayu 

and Prayogo (2018) stated that 4 to 6 times application of B. bassiana can suppress the 

insect pest population in mungbean and lead to high seed weight (659.7g/plot). Moreover 

B. Bassiana may be suggested for mungbean as a biological agent in IPM component. 

More recently Zhang et al. (2021) found that application of B. bassiana granules gave 

significant reductions in F. occidentalis populations  

2.8.4 Metarhizium anisopliae 

 Lopes et al. (2000), evaluated efficiency of applications of the M. anisopliae 

fungus, caused a 60% reduction of thrips population, 6 days after the first application in 

areas of hydroponic lettuce production.In the next year Ekesi et al. (2001) observed that 

to keep legume flower thrips population in check in cowpea, M. anisopliae one 

application at flower bud stage and two packages at flowering were required. Maniania et 

al. (2003) tested M. anisopliae against onion thrips (T. tabaci) and found that weekly 

application of M. anisopliae recorded the highest 24 metric tons ha-1 yield. In the same 

year Maniania et al. (2003) found that adult and larval population of F. occidentalis were 

significantly reduced by the M. anisopliae on chrysanthemum cuttings in green house. 

Similarly Ansari et al. (2008) evaluated the capability of numerous entomopathogenic 

fungi to manage western flower thrips and found that M. anisopliae V275 is strong and 

offers much promise for the management of thrips as a part of an IPM. 

 Ganga Visalakshy and Krishnamoorthy (2010) observed that significant thrips 

reduction per plant and increases of yield in entomopathogen treatments were statistically 

similar to chemicals. M. anisopliae @1×109 spores per ml recorded the lowest thrips per 

plant contributing reduction to 58% and 49.12% yield increase over control. They 

concluded that for the management of thrips in onion entomopathogens can substitute 

chemical pesticides. Similarly Niassy et al. (2012) suggested that M. anisopliae isolate 

ICIPE 69 can be used for the management of thrips.  
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 Wraight et al. (2016) tested three entomopathogenic fungi (B. bassiana stress 

GHA, M. anisopliaes.l. pressure ESC-1 and M. brunneum strain F52) against thrips. The 

three fungi produced similar degrees of thrips control below similar moisture conditions. 

Longer intervals of high humidity (35 h) were required to achieve comparable manage in 

flowers. In the next year Mfuti et al. (2017) tested the effectiveness of M. anisopliae 

(Metsch.) with spot and cover spray application for two seasons against bean flower 

thrips (BFT), on a cowpea crops. During first year of study spot spray got less attack 

(10.1±4.3) of BFT population/plant 5 days post-application and cover spray (11.5±4.8) as 

compared to control (41.8±15.2). During the second year of study, lowest BFT 

population (32.5±6.0) was found in spot spray treatment followed by cover spray 

(40.9±7.0) thrips population. The highest BFT population was (67.4±10.3 5) recorded in 

control treatment 5 days post application.  

2.9 Integration of Methods 

 Khattak et al. (2001) reported that neem extracts and combination of insecticides 

resulted considerably more yield as compared to untreated control in cotton. Furthermore, 

Khan et al. (2002) reported that after 17 days of application neem extract and insecticide 

combinations substantially inhibited cotton bollworm and thrips populations. However, 

their toxic effects steadily decreased against the insect.In the next year, Sreekanth et al. 

(2003) tested different imidacloprid schedules on mungbean and observed that all tested 

imidacloprid schedules reduced thrips population significantly. Superior control of thrips 

was found on seed treatment of imidacloprid 0.0035% followed by foliar spray of 

imidacloprid 0.008% at 15, 30 & 45 days after sowing (during kharif 62.2 & 37.4% 

reduction compared with check and 70.5 & 55.1% during rabi), followed by seed 

treatment imidacloprid 0.0035%, together with foliar spray imidacloprid 0.008% at 15 & 

30 days after sowing (60.8 & 36.8% and 69.6 & 52.6%). Highest yield was obtained in 

imidacloprid seed treatment 0.00035% followed by foliar spray of imidacloprid 0.0008% 

when applied after sowing of 15, 30 and 45 days. 

 Cuthbertson et al. (2005) found that imidacloprid in combination with both 

biological agents increased thrips juvenile mortality. Rahman et al. (2007) found that 

neem combination with low dosages of insecticides is useful against thrips in tea. In the 
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same year Ansari et al. (2007) found that M. anisopliae is effective and compatible with 

conventional insecticides and offers a lot of thrips control as a part of an IPM program. 

Furthermore Azam et al. (2008) conducted a field study for the thrips management in 

mungbean crop. In comparison with other treatments, environmentally friendly Neem oil 

with Trix gave good results. Minimum yield was obtained in control. In the next year, 

Mandi and Senapati (2009) evaluated the efficiency of four insecticides acetamiprid 

0.004%, thiamethoxam 0.005%, neem pesticide 0.4% and B. thuringiensis, subsp. 

kurstaki (BT) at gL- 1 against thrips. They observed that neem pesticide and microbial 

pesticide BT with 54.2 and 43.43%, mortality respectively were found moderately 

effective. However, two sprays of acetamiprid and thiamethoxam followed by two sprays 

of neem and BT found to be more efficient for thrips control and it gave maximum yield. 

 Islam and Omar (2012) pronounced that efficacy of entomopathogenic fungi 

could be improved by means of application in combination with low rates of insecticides. 

Furthermore, Subbulakshmi et al. (2012) found that nimbecidineneem based formulation 

has compatible with EPF including B. bassiana. The significant rise in neem activity and 

EPF mixtures was due to the  probable stabilizer and synergistic  effect of neem (Halder 

et al., 2013). Furthermore, Iqbal et al. (2013) evaluated that seed-treatment and detergent 

did now not prove specific effect on the pest  population. However, best results against 

thrips in mungbean crop can be achieved by combining imidacloprid as a seed treatment 

with acephate foliar spray.Shiberu et al. (2013) evaluated some botanical extracts and two 

EPFs viz., B. bassiana and M. anisopliae for controlling onion thrips under field 

conditions. It was observed that all tested agents exhibited 26.09-74.75% insecticidal 

action against onion thrips. Treated plots showed low yield reduction as compared to 

untreated plots. Results showed that under field conditions at recommended rate B. 

bassiana gave excellent results against onion thrips and confirmed importance of 

entomopathogenic fungus as a component of IPM practices.  

Asmita and Ukey (2014) found that the seed karanj oil at both doses @ 20 and 10 

ml/kg seed was the most effective at 25, 30 and 35 DAE in controlling thrip population 

followed by the treatment with neem-based material. The seed treatment and spray 

application of other botanicals also exerted good impact against thrip.In the next year, 
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Suradkar and Ukey (2014) tested the  efficacy of seed treatments with different doses of  

botanical oils, spray application of botanicals and recommended insecticide for safety of 

early stage of thrips infesting tomato. The seed treatment @ 20 and 10 ml/kg seed with 

karanj oil at both doses emergedto be the most effective treatments in controlling 

population of thrip population at 25, 30 and 35 DAE, followed by the treatment with 

neem based material. Effective control of thrips was obtained by seed treatment and spray 

application of other botanicals. In the same year Hossain (2014) reported that highest 

yield 1933 kg/ha was achieved from white sticky trap in combination with voliam flexi 

sprayed plots while testing different IPM practices in mungbean.  

In the next year Singh and Singh (2015) found that IPM module was relatively 

economical over farmer's practices against insect pests of mungbean. The results indicate 

that, IPM module i.e., mungbean with imidacloprid seed treatment followed by one spray 

of NSKE (5%) at 30 DAS and chemical insecticide Triazophos 40 EC 0.04 per cent of 

the crop, were efficient in thrips reduction and disease occurrence and gave maximum 

grain yield in comparison with farmer's practices. Furthermore Bharani et al. (2015) 

tested the biopesticides effectiveness viz., B. bassiana and V. lecani 2.5 kg ha-1 and novel 

insecticides viz., imidacloprid 30.5 SC @ 100mL ha-1 and thiomithoxam 25 WG @ 

75g.a.i. ha-1against the thrips, in tomato. Insecticidal treatments imidacloprid + 

thiomithoxam (1.15 nymphs’ plant-1) followed by thiomethoxam (1.35 nymphs plant-1) 

and imidacloprid (1.37 nymphs plant-1) got significantly lowest population of thrips as 

compared to B. bassiana + V. lecani (2.01 nymphs plant-1) followed by B. bassiana, V. 

lecani (2.12 and 2.33 nymphs plant-1
, respectively) compared to control treatment (6.27 

nymphs plant-1).  

Kivett et al. (2016) tested the effectiveness of three different EPFs, I. 

fumosoroseus, M. anisopliae and B. bassiana with the combination of insect growth 

regulator azadirachtin against F. occidentalis (Pergande). Azadirachtin combination with 

M. anisopliae at the highest label rate led to more thrips mortality than B. bassiana and I. 

fumosoroseus. However, combining azadirachtin with B. bassiana or I. fumosoroseus did 

not demonstrate any more efficacy advantage. However Mishra et al. (2016) evaluated 

ten different treatments including control of microbial and chemical insecticides in 



32 
 

different combinations against thrips in mungbean crop. Among different insecticidal 

treatments, the combination of seed treatment with Pseudomonas fluorescens and 

spraying of entomopathogenic fungi B. bassiana was found to be most efficient and gave 

better results against thrips in mungbean crop. Next year Ali et al. (2017) evaluated the 

neem products and synthetic insceticides efficacy against thrips in cauliflower. They 

found that during first spay highest reduction of thrips was observed 50.61% by chemical 

control (Diamond) followed by 43.33%, by neem oil, 40.42% by neem kernel and lowest 

10.31% for untreated control while during the second spray higest control of thrips 

58.51% by chemical control (Diamond) followed by 57.88% by neem oil, 52.43% by 

neem kernel and lowest 14.77% bytthe control plot. Halder et al. (2017) reported that all 

the tested entomopathogenic fungi (EPF) including B. bassiana were compatible with 

neem against insect pests of vegetables. 

 Hossain et al. (2018) while installing white sticky trap + spraying chlorfenapyr + 

spraying with emamectin benzoate got highest mungbean yield. In the same year 

Kansagara et al. (2018) used different combination of seed treatment with various foliar 

insecticides for the management of thrips in mungbean under field conditions and found 

that among the different combinations thiamethoxam 25 WG @ 0.10% seed treatment 

and insecticidal spray of spinosad 45 SC @ 0.0135% followed by imidacloprid 30.5 SC 

@ 0.12% + spinosad 45 SC @ 0.0135% were found most successful against thrips with 

highest yield of mungbean 1066 and 1025 kg/ha, respectively. It was observed that 

mungbean thrips can be managed efficiently by thiamethoxam and imidacloprid seed 

treatments up to 27 days after sowing of mungbean crop. In the same year Singh et al. 

(2018) investigated that combination of seed treatment with B. bassiana gave best 

performance with lowest thrips infestation and highest reduction over control, followed 

by the seed treatment with imidacloprid in mungbeancrop. Raoul et al. (2019)  found that 

A. indica and M. anisopliae combination can be considered as a potential insecticide for 

the management of thrips in V. unguiculata fields which will increase V. unguiculata  

yields, and reduce environmental pollution of chemical insecticides. 

Recently Hossain et al. (2020) tested the effectiveness of various integrated 

management approaches against flower thrips of mungbean. All of the management 



33 
 

packages significantly reduced the infestation of flower thrips. The highest reduction 

percentage of flower infestation, thrips population was found in IPM package-3: 

installing blue sticky trap + two spraying of chlorfenapyr (Intrepid 10 EC) @ 1 ml/l + 

third spraying with (chlorantraniliprole + thiamethoxam), i.e., Virtako 40 WG) @ 0.15 

g/l, followed by IPM package-1, IPM package-2 and recommended practice (spraying 

imidacloprid, i.e. Imitaf 20 SL @ 0.5 ml/l). The highest yield was also recorded from 

IPM package-3, which was statistically similar to IPM package-1, followed by IPM 

package-2 and recommended practice. The components of IPM package-1, i.e., 

biopesticides, are ecologically safer than that of IPM package-3 (synthetic chemical 

insecticides). So, considering environment friendliness, the IPM package-1: installation 

of blue sticky trap and pheromone trap + two spraying of azadiractin (Biomeem plus 

1EC) @ 1 ml/l + third spraying with spinosad (Success 2.5 EC) @ 1.2 ml/l would be the 

best package for controlling flower thrips of mungbean with higher yield in the insects 

prone areas, without harming the ecosystem. 

2.10 Chemical control  

 Cloyd and Sadof (2000) determined the effectiveness of spinosad, and acephate, 

against western flower thrips and found that spinosad and acephate controlled thrips 

effectively. In the next year Saleem and Khan (2001) found that imidacloprid 20 SL @ 

250 ml/acre gave maximum control of sucking insects. Similarly, Afzal et al. (2002) 

studied the effectiveness of various insecticides against whitefly and black thrips in 

mungbean. They concluded that Imicon (imidacloprid) 25WP @ 200 gm per acre proved 

most effective against thrips which gave in highest yields in mungbean.  

 Hossain et al. (2004) studied that double spray in mungbean crop reduced more 

thrips attack in comparison to single spray. Furthermore Khattak et al. (2004) evaluated 

the effectiveness of various insecticides against sucking insect pests of mungbean. At 240 

hours after spray all tested insecticide except Actara reduced the mean percent population 

of thrips and whiteflies. Mospilan 20SP, Polo 500EC and Confidor 200 SL were 

completely ineffective after 120 and 240 hours. However Aslam et al. (2004)  reported 

Confidor 200 SL, Tamaron 60 SL and Mospilan 20 SP were highly efficient against 

thrips.  Tomizawa and Casida (2005) found that imidacloprid is a widely-used, relatively 
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low human toxic insecticide. In the next year Shibao et al. (2006) found that application 

of imidacloprid on grapes was highly efficient in comparison to permethrin against thrips 

(Scirtothrips dorsalis) (Hood). Similarly Byrne et al. (2007) confirmed that imidacloprid 

was the most effective in comparison with thiamethoxam, clothianidin and dinotefuran 

against thrips.  

 Kooner et al. (2007) evaluated three insecticides against thrips (M. distalis) in 

mungbean variety SML 668. All insecticides effectively control the bean thrips which 

resulted significantly higher yield. During the three years Triazophos 40 EC @ 1.5 Litre 

per ha was the most successful insecticide against thrips which resulted considerably 

1393 kg per ha higher yield in comparison with 1162 kg/ha in control. In the same year 

Shah et al. (2007) investigated the effectiveness of four insecticides on the growth and 

yield of mungbean. The results showed that different insecticides were statistically 

different in case of no. of pods/plant and seed yield kg per ha. Maximum yield i.e., 1563 

kg per ha was obtained in imidacloprid treated plots while the yield 1056 kg per ha was 

obtained from where no insecticide was used (control plots). 

In the next year Muthomi et al. (2008) tested the effectiveness of Dimethoate and 

Copper Oxychloride mixture for the insect pest management of legume crops including 

V. radiata L. Flower thrips population was significantly reduced  and  increase in number 

of pods/plant and total seed yield  was observed by the spray of pesticides. The results 

showed that Dimethoate and Copper Oxychloride was very effective in controlling 

common insect pests of legumes. In the same year, Bhede et al. (2008) found that 

imidacloprid gave excellent control of chillithrips. In the next year  year, Mandi and 

Senapati (2009) observed that chemical insecticides were the more efficient than neem-

based pesticides against thrips. In the next year Ullah et al. (2010) studied the effect of 

Thiodan, Tracer, Confidor, Megamos and Actara against Caliothrips indicus. All 

insecticides significantly controlled thrips population except Actara as compared to 

control. Verma et al. (2012) found that imidacloprid @ 0.5 ml per lit gave highest garlic 

yield (172.49q/ha).  

In the next year Iqbal et al. (2013) tested insecticide sprays of Confidor 20% SL, 

Actara 25 WG, Acelan 20% SL and Commando 75 SP, Confidor 70 WS seed treatment 
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and spray with detergent combination against jassids, whitefly and thrips on mungbean. 

All the treatments behaved statistically different, regarding their effectiveness with one 

another. The mortality of the pests was immediately enhanced after spray. Maximum 

control of thrips was observed in Acephate followed by Acetamiprid treated plots. Sahito 

et al. (2013) investigated the effectiveness of various insecticides against thrips. The 

results revealed that all insecticides i.e., Radiant, Crown and Finvil performed well in 

thrips reduction. Insecticide Radiant performance was better against pea thrips (C. 

indicus). In the same year Hossain (2013) concluded from two years research that higher 

suppression of thrips can be achieved from double sprayed than single sprayed treatment. 

Furthermore, Pachundkar et al. (2013) reported that acephate had maximum control of 

thrips population.  

In the next year Hossain (2014) found that imidacloprid at 0.5ml/l concentration 

gave best control in reducing thrips infestation in flowers of mungbean. Babar et al. 

(2014) the efficacy of various insecticides and found that acephate 75SP was most 

effective insecticide to be used in any integrated management program against onion 

thrips. In the next year Din et al. (2015) reported that acephate has a maximum control of 

thrips as compared to other tested treatments. In the same year Mandal (2015) also 

reported that mungbean yield was considerably high in chemicals treated plots. 

Furthermore Hossain (2015) recorded that thrips population were significantly 

suppressed by the imidacloprid application at various mungbean growth stages.  

Nadeem et al. (2016) tested the relative efficiency of different synthetic 

insecticides namely Confidar 200 SL, Actara 25 WG, Mospilan 20 SP and different neem 

oil concentrations (Neem oil 1%, 2% and 3%) against thrips in mungbean crop. Least per 

inflorescence population of thrips was obsereved in Mospilan 20 SP treated plot (5.08) 

which was at par to Actara 25 WG with 5.75 thrips per infloresence.  All the tested neem 

oil concentrations showed relatively low per infloresence of thrips population than 

untreated control. Maximum thrips population reduction (65.06%) was recorded in 

Mospilan 20 SP treated plots which was at par to Actara 25 WG (60.57%). In the same 

year Din et al. (2016) observed that chlorfenapyr 36 SC is better than imidacloprid 200 

SL.  
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Ahirwar et al. (2016) tested various insecticides against mungbean sucking insect 

pests and found that thiomethaxam was more effective against thrips followed by 

imidacloprid in comparison to other used insecticides whereas chloropyriphos and 

dimethoate had least effect. As compared to chloropyriphos and acephate treated plots 

imidacloprid treated plot gained significantly higher yield. However, Babar et al. (2016) 

observed that after 24 and 72 hours of post treatment, acephate 75 SP exhibited highest 

mortality percentage. Similarly, Khaliq et al. (2016)  reported that acephate was the best 

as compared to spirotetramat and spinetoram, and these pesticides proved better over the 

botanicals. Furthermore, Ahirwar et al. (2016) reported higher yield of green gram in 

thiamethoxam followed by imidacloprid, dimethoate and acephate. Asif et al. (2016) also 

reported that imidacloprid was more effective against cotton thrips. 

Samota et al. (2017) studied the effectiveness of some new insecticides and 

biopesticides against thrips (S. dorsalis) on chilli. The most effective insecticide against 

thrips was acetamiprid followed by thiamethoxam, imidacloprid, fipronil and standard 

check with 82.62, 80.79, 77.90, 76.38 and 71.92% respectively while spinosad was 

61.65% and NSKE was 48.95% were moderately effective. Less thrips population 

reduction 33.60% and 34.86% was recorded in M. anisopliae and B. bassiana 

respectively. The maximum yield 105.11 q ha-1was obtained in imidacloprid treated plot 

followed by thiamethoxam, acetamiprid, dimethoate/ oxydemeton and fipronil with 

103.18, 99.99, 99.69 and 97.65 q ha-1 yield, respectively. Furthermore Shah et al. (2017) 

found that acephate pesticide showed 37.39% overall thrips reduction in overall sprays 

which is superior to other tested insecticides and with the control plot (11.50%). In the 

same year Sujatha and Bharpoda (2017) reported that yield losses due to thrips could be 

avoided with the use of different pesticides. 

Nirgude (2017) reported that thiamethoxam 25 WG and imidacloprid 70 WG 

were considerably better among the tested chemicals in case of reducing the thrips 

population. Das et al. (2017) observed that imidacloprid 17.8 SL gave maximum control 

of thrips population in onion and improved the total yield (263.56 q/ha.). Shah et al. 

(2017) found that among tested pesticide against sucking insect pest including thrips in 

cotton crop, acephate was more effective up to 12th day among all pesticides which 
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exhibited 37.39% reduction in overall sprays when compared with the control (un-

sprayed) plot and Pyriproxyfen was least effective. In the same year Sathua et al. (2017) 

investigated the effectiveness of four insecticides (imidacloprid, acephate, dimethoate 

and cypermethrin) and three botanicals (Allium cepaextract, Allium sativum extract and 

NSKE) against chilli thrips. The maximum thrips reduction was observed in imidacloprid 

17.8SL (82.46%) treated plots followed by acephate 75 SP (80.86%). 

Hossain et al. (2018) found that for the thrips control chlorfenapyr gave very good 

efficiency as compared to spraying of Azadirachtin which exhibited less effectiveness in 

reducing thrips population. In the same year, Asif et al. (2018) observed that imidacloprid 

was more toxic to the targeted pests than neem derivatives which resulted highest yield 

2626.7 kg/ha in comparison with control 1703.3 kg/ha in cotton. Mahoney et al. (2018) 

found that Peanut yield was equally protected from thrips injury by phorate, acephate, 

and the combination of both insecticides. 

Brandenburg et al. (2019) found that that imidacloprid protects peanut against 

thrips attack more effectively than the acephate and phorate. Yasmin et al. (2019) 

evaluated that the most effective insecticide in mungbean was stargate 48SC 

(clothianidin) with the highest thrips reduction on flower buds 86.04% and flowers 

85.95%. The lowest flower bud and flower infestation (7.22 and 3.41%, respectively) and 

shedding (4.21 and 1.06%, respectively) by thrips with the highest 23.80 number of pods 

plant-1, seed 10.20 per pod, 48.40 g 1000 seed weight and 1026.91 kg ha-1 yield were also 

found in Stargate 48SC treated plots followed by Confidor 70WG treatment. However 

Javalage et al. (2019) revealed that the imidacloprid 17.8 SL were most efficient against 

management of sucking pests such as aphid, jassids and thrips population. Imidacloprid 

17.8 SL followed by acephate 95 SG and 75 SP was obtained highest seed cotton yield 

indicating most cost effective treatment. Shweta et al. (2019) studied the effectiveness of 

synthetic insecticides against thrips in onion and found that thiamethoxam and 

imidacloprid recorded significantly lowest thrips population which resulted the highest 

bulb yield during the experimental period indicating the superiority of both the treatments 

towards onion thrips. Whereas, lamda cyhalothrin and chlorfenapyr found to be least 

effecient in reducing the population of thrips.  
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Recently Negash et al. (2020) evaluated that among the tested insecticides in 

onion, systemic insecticide imidacloprid and translaminar insecticide spinetoram resulted 

in less numbers of thrips and higher yields than contact insecticides profenofos and λ –

cyhalothrin. Maradi et al. (2020) observed the effectiveness of various insecticides 

against thrips and found that the highest thrips reduction 83.91% was recorded in 

imidacloprid followed by acetamiprid, acephate and diafenthiuron with 81.20, 73.44 and 

69.18% reduction, respectively. However, the mnimum 51.93% reduction of thrips 

population was found in azadirachtin treated plot when compared to untreated control.  
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Chapter 3: Materials and Methods 

 
The studies were conducted at the Arid Zone Research Institute (AZRI), Bhakkar, 

Punjab province and Gomal University Dera Ismail Khan, Khyber Pakhtunkhwa 

Province, Pakistan during three consecutive years of 2018, 2019 and 2020 to develop an 

integrated control model for the management of thrips on mungbean crop.  

3.1 Experiments Details  

3.1.1 Experimental Site 

This field research study was conducted at AZRI, Bhakkar, Punjab, Pakistan 

during the year 2018-2019. Bhakkar lies in between 31º .64/N latitude and 71º .12/ East 

longitude; 159 m above the sea level in Punjab province of Pakistan. Bhakkar’s climate is 

usually dry, composed of Thal desert and the annual rains fall is approximately 213 mm. 

3.1.2 Soil 

Sandy loam soils are present in the area which is deficient in organic matter, 

nitrogen and phosphorus. Adequate to marginal amount of potassium is present in the 

soil. Almost arid to semi-arid climate prevails in Bhakkar. In summer weather is hot and 

dry while during monsoon season it has moderate spells of rain. 

3.1.3 Land Preparation and Manuring 

For good seed bed preparation, the soil of experimental plots were ploughed twice 

with desi plough and leveled with the help of heavy wooden plank (Phatta). Pre-irrigation 

was carried out before one week of sowing. Being a leguminous crop, mungbean needs a 

small quantity of nitrogen fertilizer for early growth period. N-P-K 22: 57: 30 kg/ha was 

applied as a recomended dose for the mungbean crop  

3.1.4  Seed Rate and Method of Sowing 

 

Recommended seed rate i.e 30 kg/hectare was used and before sowing seed was 

treated with fungicide dithane M-45 @ 2.0 gm per kg of seed. Bacterial culture i.e., 

Rhizobium leguminosarum was also applied for nitrogen fixation. Sowing was done with 

the help manually operated hand driven drill keeping 30 cm row to row distance and 10 

cm plant to plant distance.  

3.1.5 Seed Germination Data  

After 5-6 days of sowing germination started. Seed germination was 90 to 100%.  

mailto:fungicide%20Dithane%20M-45@2.0
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3.1.6 Irrigations 

Mungbean required 2-3 irrigation depending upon the climatic condition. First 

irrigation was done after 3-4 weeks of germination. Second irrigation was applied on 

flowering stage and thrid irrigation was applied on pod formation stage. 

3.1.7 Application of Weedicides 

Pendimethalin 33EC @ 2.5 l/ha as pre-emergence treatment was applied. After 

germination of the crop when weeds appeared in the experimental trials than manual 

cleaning of weeds and proper weedicides were applied as and when required. Weedicide 

Haloxyfop-R-Methyl 10.8EC @ 875 ml/ha was applied for narrow leaves weeds and 

Lactofen 24% @740 ml/ha was applied for broad leaves weeds. 

3.1.8 Plot Labeling 

Each trial and treatment was properly labeled.  

3.1.9 Harvesting and Threshing 

After 90 days of sowing, the mungbean crop was ready for harvest. After 

harvesting and threshing, the crop was left to dry in the sun for a few days. 

3.1.10 Calculation of Yield 

After the harvesting and threshing of mungbean crop total numbers of seeds 

obtained from each plot were properly sun-dried and their weights were recorded from 

each replication. Then from their mean value weight of seeds per plot and yield per 

hectare were calculated. 

3.2 Screening of the Mungbean Genotypes/Lines 

Field research was conducted during 2018 and 2019, to screen 25 “Mungbean” 

varieties/genotypes against mungbean thrips on per flower basis..  The experiment was 

laid out following Randomized Complete Block Design (RCBD), replicated thrice. The 

row-to-row distance was 30 cm and plant to plant distance was kept as 10 cm. The plot 

size was maintained 5 × 2.4 m2 during the both study years. 

3.2.1 Preliminary Screening of the Mungbean Genotypes 

 Twenty-five ‘mungbean’ genotypes (Table 1) were sown in the research area of 

the AZRI, Bhakkar during May, 2018. All recommended cultural practices were applied 
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as and when needed. No plant protection measures were adopted for the thrips control 

during the entire growing season. The observations on the population fluctuation of thrips 

were recorded on weekly basis and three genotypes each of resistant, susceptible and 

intermediate response towards thrips infestation were chosen on the basis of thrips 

density on each genotype for final investigations. Thus, in total, nine genotypes/varieties 

were selected against the test insect. 

3.2.2 Final Screening of the Mungbean Genotypes 

Nine mungbean genotypes were selected from preliminary screening trial for 

final investigations. The crop was sown in the same experimental area during May, 2019, 

following RCBD replicated thrice. All recommended cultural practices were applied 

when required during the experiment. Data of the test insect was recorded on per flower 

basis. 

3.3 Population Density Counts 

At reproductive stage, five plants were selected randomly from each treatment 

avoiding border rows and three opened flowers of each randomly selected plant was 

observed at 4 days interval commencing from the first thrips appearance up to maturity 

stage of the crop. The collected flowers were opened immediately on white paper board 

and thrips data was recorded by counting number of thrips with help of magnifying lense. 

The average population of thrips per flower for each genotype was determined 

using following formula: 

 

X =
X1 + X2 + X3 … . . … … … … + X14 + X15

15
 

 Where:  

   X =  Mean number of thrips flower-1and 

X1+X2+X3+, ···· +X14+X 15 =  Number of observed flowers 
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Table No.1 Status of various genotypes of mungbean, V. radiata L. included in the 

preliminary screening trial for evaluation their resistance/ 

susceptibility against thrips M. distalis (Thysanoptera: Thripidae) 

during 2018 

Genotypes Reaction 

Sawat-1 Susceptible   * 

NM-98 -do-               * 

DERA-M -do-               * 

 Moderately susceptible 

 -do- 

NM-92 -do- 

Chakwal-06 -do- 

 -do- 

Bahawalpur -do- 

 -do- 

Inqilab-M -do- 

Sona-M -do- 

 -d0- 

NM-06 Intermediate   ** 

12TM-03 -do-                 ** 

NM-11 -do-                 ** 

 Moderately resistance 

 -do- 

NCM-13 -do- 

 -do- 

 -do- 

 -do- 

AZRI-06 Resistant        *** 

13TM-04 -do-                *** 

NM-16 -do-                *** 

The star sign genotypes were selected for final screening trial. 
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3.4 Variation in susceptibility 

Based on population of thrips on different genotypes of mungbean the Host Plant 

Susceptibility Indices (HPSI) for thrips population was determined by the formula given 

below. 

HPSI(%) =  
B − A

B
 X 100 

 Where:  

  A= Population of thrips in individual genotype of mungbean 

  B= Population of thrips in all genotype of mungbean on average basis 

3.4.1 Yield Data 

After the harvesting of mungbean crop, total numbers of seeds obtained from each 

plot were properly sun-dried and their weights were recorded from each replication. Then 

from their mean weight of seeds per plot were calculated and converted to yield per 

hectare. 

3.5 Role of Weather Factors in Resistance Expression  

3.5.1 Meteorological Observations 

Meteorological data associated tomaximum and minimum atmospheric 

temperature, relative humidity (R.H) and total rainfall was obtained from the AZRI, 

Bhakkar meteorological observatory for the relevant months to observe the impact of 

different abiotic factors on the thrips population in mungbean crop.  

3.5.2 Statistical Correlation 

 The weather factors impact on the thrips incidence at different mungbean 

genotypes during 2018 and 2019, was computed by working out simple correlation (Steel 

et al., 1997) between population of thrips and abiotic factors (maximum and minimum 

temperature, rainfall and relative humidity). The means were compared by the Least 

Significant Difference test, at P = 0.05.  

Before proceeding for the analysis, the data were transformed into square roots,. 

The combined effect of the abiotic factors (temperature, relative humidity and rainfall) 
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was measured on the thrips population for both study years, by using a Multiple Linear 

Regression Equation of type 1 viz., = a + b1 x1+ b2 x2+b3x3,… where, the following 

‘predictors’ variables were used to represent the equation 

  X1 = Maximum Temperature (oC); 

  X2 = Minimum Temperature (oC); 

  X3 = Average Temperature (oC); 

  X4 = Relative Humidity (%); 

  X5 = Rainfall (mm); 

  R2 = Coefficient of Determination; andas a response variable 

  Y = Thrips Population 

3.6 Methodology To Test the Mechanisms of Resistance 

From preliminary screening trial, nine mungbean genotypes based on per flower 

population of thrips, were sown during May 2019 in the AZRI, Bhakkar following RCBD 

with three replications. During the study period all the recommended cultural practices 

were applied as and when required and no plant protection measures were adopted for the 

control of thrips. Data of the thrips population was recorded.  The plant-to-plant distance 

10 cm and row to row distance will be kept 30 cm. The plot size was maintained at 5 × 

2.4 m2. 

Nine genotypes of mungbean were selected in 2019 during final screening trial. 

These studies were conducted in the plant protection research laboratory of the AZRI, 

Bhakkar. Collected flowers were sealed in white transparent plastic bags and immediately 

transported to the laboratory for further investigations for the role of various physio-

morphic plant characters in expression of plant resistance/tolerance to mungbean thrips 

and analysis. 
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3.6.1 Physio-morphic Plant Characters  

When the plants were green at maturity, the following physio-morphic characters 

of the plant were studied 

3.6.1.1 Moisture Percentage in the Flowers (%) 

Ten grams of fresh opened flowers were collected from upper parts of different 

plants was taken from each replication so total three samples will be collected. All 

sampled flowers were weighed and placed into drying oven at 65oC, for 72 hours. The 

flowers were weighed again after drying and placed back in the drying oven for another 

six hours at the same temperature. The collected flowers were taken out from the drying 

oven and put in a desiccator for ten minutes and weighed. Then weighed the dry material 

which becomes constant. According to the following formula moisture percentage was 

determined. 

Moisture percentage =
Weight of fresh flowers − Weight of dry flowers

Weight of fresh flowers
X100 

3.6.1.2  Dry Matter 

Dry matter was calculated by the following formula 

% DM = 100 - [(original weight - dry weight) ÷ original weight] x 100 

3.6.1.3 Number of Total Pods per Plant 

From five sample plants all pods were separated and total numbers of pods were 

recorded. Then average numbers of pods/plants were calculated. 

3.6.1.4  Pod Length (cm) 

From five sample plants of each test entry, five pods from each plant were 

randomly selected than pod length (PL) was recorded in cm. Then from their mean value 

pod length (cm) per plant was calculated. 

3.6.1.5  Number of Seeds per Pod 

After harvesting of the crop number of seeds per pod was recorded from the five 

randomly selected pods. Then from their mean value seed per plant were calculated. 
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3.6.1.6  Number of Fruit Bearing Branches per Plant 

From five randomly selected plants from each test entry, the total number of fruits 

bearing branches, arising from the basal node, was counted. The mean number fruiting 

branches per plant was expressed on per plant basis. 

3.6.1.7  Plant Height (cm) 

From each test entry five plants were randomly selected and their heights were 

recorded with ordinary meter rod from the ground level to the canopy of the plant  

To find out the significance difference between the different treatments the data 

on aforementioned parameters as well as occurrence of thrips were statistically analyzed 

using computer software Statistix ver. 8.1. The significance of the differences among the 

mean values of treatment in respect of different parameters were estimated by the Least 

Significant Difference Test (LSD Test) at 5% probability level. Aforementioned physio-

morphic plant charaters were correlated with the thrips population. Multiple Linear 

Regression Models were developed through the coefficient of determination (R2) values 

to work out the impact of differentphysio-morphic plant characters, towards the 

resistance/susceptibility against thrips on mungbean 

3.6.2 Chemical Plant Characters 

During final screening trial for the year 2019, following chemical plant characters 

were studied on nine different genotypes of mungbean. These analyses were carried out 

in the Faculty of Veterinary and Animal Sciences, Institute of Food Sciences laboratories 

of Gomal University, Dera Ismail Khan and Soil and Water testing Labortories, Multan. 

The following parameters were studied in these laboratories. 

3.6.2.1 Nitrogen (N) (%) 

3.6.2.2.  Crude Protein (%)  

3.6.2.3 Total Ether (%)  

3.6.2.4 Ash Content (%) 

3.6.2.5 Reducing Sugars Content (%)  

3.6.2.6 Non-Reducing Sugars Content (%)  

3.6.2.7 Total Sugar contents 
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3.6.2.8 Micro and Macro nutrients such as zinc, copper, ferrous, manganese, 

boron, phosphorous and potassium contents. 

Sampling Procedure: 500 grams of fresh opened flowers of each genotype was 

taken singly and their flowers collections were stored separately. After washing with 

distilled water, samples were dried by using an electric oven, at 100 ± 5 ºC, for time 

duration of 12 hours. Then dried material was grinded and passed through a sieve of 1.0 

mm mesh. For further analysis it is stored in dry polythene bags. The following chemical 

plant characters were examined. 

3.6.2.1 Nitrogen (N%) in Flowers of Mungbean Plant 

Each sample of 0.5 g of dried flower tissue was used to determine the percentage 

of nitrogen repeated thrice by following the Kjeldahl Method reported by Winkleman et 

al. (1986). 

Nitrogen(%) =
N of acid ×  14.007 ×  [Vol. of Titrant for sample (ml) − Vol. of Titrant for blank(ml)]

Weight of sample (g) 
× 100 

3.6.2.2 Crude Protein (%) in Flowers of Mungbean Plant 

By the following the formula suggested by Winkleman et al. (1986) crude protein 

was determined. 

Crude Protein (%) = Nitrogen (%) × 6.25 

3.6.2.3 Total Ether (%) in Flowers of Mungbean 

In the plugged thimble, 2 grams of the bulk 'mungbean' flowers were taken. For 

ten hours a complete amount of ether was collected on the Soxhlet extraction unit using 

the solvent ether. Ether extract was dried and following formula was used (AOAC, 1990). 

Total Ether (%) =
Weight of ether extract

Weight of sample
𝑋100 

3.6.2.4 Ash Content (%) inFlowers of Mungbean  

Principle: At temperatures above 500 °C, the combustion of the plants sample would 

oxidize all organic matter present in the sample. All left is inorganic or only ash material. 
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Procedure: In the tared crucible, 2 grams of flower sample was taken. The crease was 

then partially ignited on a fire until there was no smoke. The creases were held in a 

muffle furnace at 550 °C for 3 hours. After that, crumbs were removed and held for 15 

minutes in the desiccators and then weighed carefully. The contents of ash were 

determined using the following formula and calculations.  

Weight of crucible (g)   =  W1 

Weight of crucible + sample (g) =  W2 

Weight of sample (g)   =  W2 - W1 

Weight of crucible + ash (g)  =  W3 

Weight of ash (g)   =  W3-W1 

3.6.2.5 Reducing Sugars Content (%) in Flowers of Mungbean, (V. radiata L.) 

To determine the reducing sugar content (%) 2 grams of the well dried flowers 

of  ‘mungbean’ sample was taken into a beaker and added the distilled water to make 

up the final volume of 100 ml. then the solution was titrated with 10 mI of the fehling 

solution until the blue color appeared. Further 2 drops of methylene blue were applied 

and titrated another time, until a desired brick red color observed. Used fehling 

solution reading was noted. Reducing sugar was determined by the following method. 

10 ml fehling solution contains reducing sugars   = 0.5 

1 ml fehling solution contains reducing sugars   =  1/10 

X ml fehling solution contains reducing sugars 0.5/10 x X = Y 

2 gm sample contain reducing sugars    = Y 

1 gm sample contain reducing sugars    = Y/2 

100 gm sample contain reducing sugars    =   Y/2 x 100 = Z  

Z = % reducing sugars        

3.6.2.6 Non-Reducing Sugars Content (%) in Flowers of Mungbean 

To determine the non-reducing sugars content (%), 20 ml of the sample 

solution was taken from last procedure (distilled water and dried sample) and adding 

5 ml of HCI (2%). Then, in a water bath, it was boiled for 30 minutes, cooled down 

and pH brought up to 7. Now, with addition of distilled water, its volume was raised 
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up to 100 ml. It was then titrated using the similar method as defined in the reducing 

sugar part. The equations below calculated non-reduced sugars. 

Non reducing sugars =Non reducing sugars reading - reducing sugars reading x 9/10  

Composition of Fehling Solution 

It consists of the 86.5gm of Sodium potassium tartarate and 25 gm of Sodium 

hydroxide. Then both chemicals were dissolved in distilled water and raised the volume 

up to 250 ml = A and  

17.31 gm Copper sulphate (CuSO4 and distilled water was also added to make 250 ml 

= B 

100 ml from each A and B, were mixed to form fehling solution of the 200 ml.  

3.6.2.7 Total Sugar Contents 

Total sugar was calculated by the formula 

Total Sugar = Reducing sugar + Non-Reducing Sugar 

3.6.2.8   Micro and Macro Nutrients in Flowers of Mungbean, (V. radiata L.) 

3.6.2.8.1 Copper, Zinc, Meganese, Iron, and Potassium Contents 

In 'mungbean' flowers, copper, zinc, meganese and iron were evaluated by the 

procedure prescribed AOAC (1990). One gram of the 'mungbean' flower was kept in 

conical flask and kept overnight after 5 ml of concentrated HNO3 and 5 mL of 

HClO4. Next day, 5 ml concentrated HNO3 was applied and digested on a hot plate 

until the content was transparent. After digestion, the substance was cooled up to 50 

ml with distilled water (Miller & Kalra, 1998). Then with the help of filter paper 

(whatman No. 42) obtained solution was filtered and kept at room temperature in 

airtight bottles. Cu, Mn andZncontents were measured usingan atomic absorption 

spectrophotometer (AAS) (Thermo AA, Solar-Series). While a flame photometer 

calculated potassium, Page et al. (1982) identified Model Jenway PFP-7 following the 

technique. 
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3.6.2.7.2 Phosphorous Contents 

Phosphorous concentration in flower samples was determined by following the 

method of Chapman & Pratt (1961). For the preparation ammonium vanadate-molybdate 

reagent, 22.5 gram of ammonium heptamolybdate [(NH4)6MoO24.4H2O] was dissolved in 

distilled water and raised the volume upto 400 ml, and a 300ml solution was prepared 

using 1.25 grams of the ammonium metavanadate (NH4VO3) in hot distilled water. Both 

solutions were mix together in volumetric flask carefully and cooled at room temperature. 

Finally concentrated nitric acid (HNO3) (250 ml) as added to the mixture and let it to cool 

at room temperature and raised the volume up to 1 liter by adding distilled water. 5 ml, 

each of the filtered digest, and in 50 ml volumetric flask ammonium vanadomolybdate 

reagent, were taken, added distilled water to raise to volume upto 50 ml and kept for 

stabilization to developed blue colour. Phosphorous content was determined by using 

spectrophotometer (Thermo Electron). Different standard solutions of P were used for 

calibration of instrument a standard curve was prepared for final results. The absorbance 

was recorded at wavelength of 410 nm and actual concentration was obtained by 

comparing with the standard calibration curve. 

 Aforementioned chemical plant charaters were correlated with the thrips 

population. Multiple Linear Regression Models were developed through the R2 values to 

work out the impact of different chemical plant characters, towards the 

resistance/susceptibility against thrips on mungbean. 

3.7 Effectiveness of Different Coloured Sticky Traps for Monitoring of M. distalis  

(Thysanoptera: Thripidae) in Mungbean Crop 

3.7.1 Layout and Design 

Five coloured sticky traps viz., yellow, blue, white, green and orange were tested 

during May, 2018 for determining colour preference of mungbean thrips at AZRI, 

Bhakkar using RCBD replicated thrice. The mungbean variety NM-2016 was sown in the 

experimental area. The plot size will be maintained   5.0 x 2.4 m2   with row to row 30 cm 

and plant to plant 10 cm distance. No pesticides were applied during the study period. 
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3.7.2 Preparation of Coloured Sticky Traps 

By laminating the different colour papers sticky cards were prepared. On the card 

board each card was mounted and positioned at the level of the plant canopy that was 

attached to the iron rod. On the surface of each colour card petroleum jelly was evenly 

applied. After recording thrips data, the cards were replaced at weekly intervals.  Each 

card consists of 8×10 square grids measuring 1 square inch per grid. 

3.7.3 Observations 

With the help of hand-held magnifying lens, the numbers of trapped thrips on 

coloured sticky traps were counted from ten square grids. Traps were replaced on weekly 

basis. Data was collected at seven days interval starting from seven days after installation 

(DAI) up to maturity of the crop. 

3.7.4. Statistical Analysis 

The data obtained in all treatments were subjected to work out the analysis of 

variance (ANOVA). The least significant differences (LSD) were calculated for mean 

values of thrips population at 5% probability level. 

3.8 Efficacy of Different Entomopathogenic Fungi Biopesticides at Different 

Concentrations for the Management of M. distalis in Mungbean 

During kharif 2018 a field trial was conducted at AZRI, Bhakkar during kharif 

2018 to evaluate/test the efficacy of different entomopathogenic fungi at three different 

concentrations viz. 2.5, 5.0 and 7.5%. The variety NM-2016 was sown during second 

week of May 2018. The plot size was maintained 5 × 2.4 m2 in RCBD with three 

replications. The treatments evaluated were Verticillium lecanii (zimm) (Mealikil-VL), 

Metarhizium anisopliae (Pacer-MA), Beauveria bassiana (Bals) (Racer-BB) and Isaria 

fumosoroseus. The treatments were applied at the appearance of thrips and repeated when 

thrips population reached at ETL except check treatment. Recommended cultural 

practices were performed at proper time in all treatments. The thrips data was taken a day 
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before and three, seven and fourteen days after each spray. Data was analyzed 

statistically by the LSD Test at 5% probabality level. 

3.8.1 Entomotoxicity of Various Concentrations of Different Entomopathogenic 

Fungi Against M. distalis in Mungbean  

The effect of various concentrations of different strains of entomopathogenic 

fungi on the population reduction of mungbean thrips was worked out. The quantity of 

water for the spray solution was increased depending on the growth stage of the 

mungbean crop.  

3.8.2 Source of Entomopathogenic Fungi 

All the mentioned entompathogenic fungi (Bio Insecticide) formualtions were 

imported from Agri life Medak District Hyderabad, Andhra Pradesh, India. 

3.8.3 Observations 

The data was obtained 1 day before and 3, 7 and 14 days after the spray (DAS) 

application. For the collection of data, on white paper board the collected flowers were 

immediately opened carefully and numbers of thrips were counted with the help of 

magnifying lens. Second spray application was carried out after rebuilt of thrips 

population and again observations were recorded with the same pattern as explained 

earlier.  

The efficacy of various concentrations of EPF was assessed on the bases of 

following parameters  

3.8.3.1  Number of M. distalis  

At reproductive stage thrips data was recorded. From five randomly selected 

plants from each treatment and three flowers of each those plants were observed for the 

collection of thrips data at 7 days interval commencing from first appearance of thrips up 

to maturity of the crop. 
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3.8.3.2  Percent Reduction of M. distalis  

 Percent reduction of thrips over control was determined by the following formula: 

% reduction of thrips =
No. of thrips in control –  No. of thrips in treatments

No. of thrips in control
× 100 

3.8.3.3  Total Number of Flowers and Number of Flower Shedding per Plant 

Total number of flowers and flower shedding were recorded before harvesting. 

For this purpose, five plants were selected randomly from each treatment and all flowers 

of those plants were observed for the collection of data. From this data on average basis 

per plant data was calculated.  

3.8.3.4  Percent Flower Shedding, Percent Reduction of Flower Shedding and  

Percent Increase of Flowers over Control  

These parameters were studied by the following formulas:        

% flower shedding by thrips =
No. of flower shedding

Total no. of flowers
× 100 

% Reduction of flower shedding over control =
FSC − FST

FSC
× 100 

Where   FSC = Flower shedding in control and  

FST = Flower shedding in treatment 

% Increase of flowers over control =
TFT − TFC

TFC
× 100 

Where   TFT = Total flowers in treatment and  

TFC = Total flowers in control 

3.8.3.5  Number of Total Pods, Deformed Pods and Percent Increase of Pods over 

Control 

From each treatment data of total number of pods and deformed pods were 

obtained from randomly five selected plants and were separated and recorded. From this 

data on average basis pods per plant was calculated.  

% increase of pods =  
TPT − TPC

TPC
× 100 
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Where   TPT = Total pods in treatment and  

TPC = Total pods in control 

3.8.3.6    Yield per Plot 

Plants were sun-dried after harvesting the crop and threshed. Seeds were properly 

sun-dried and their weights were recorded. Yield of each plot was then converted in to 

yield per hectare.  

3.8.3.7    Statistical Analysis 

The data obtained from experiment on various parameters  andthe difference in 

the mean population at different time intervals and yield were analyzed with ANOVA and 

by the LSD test at 5% probability  level of significance (Gomez et al., 1984). 

3.9. Integration of Various Control Methods 

3.9.1 Study Area and Experimental Design 

Integrated Pest Management (IPM) study for the control thrips on mungbean was 

conducted at three locations, i.e., AZRI, Bhakkar, as well as at the Farmer fields of Chak 

No. 36/TDA and Kotla Jam of District. Bhakkar during 2020. Diverse manipulate 

measures like, resistance cultivar 13TM-04, microbial control agents, like, 

entomopathogenic fungi B.bassiana @ 7.5%, mechanical control, like, use of blue color 

sticky trap @ 1 trap/treatment, were included in the studies along with imidacloprid 70 

WP @ 5 gm/kg of seed treatment, NSKE @ 5% and the insecticide, like, spray of 

acephate @ 330 gm/acre, chlorfenapyr @ 100 ml/acre alone, and in feasible 

combinations were applied at 3 localiions for thrips control. The crop was sown on May 

25, May 27 as well as on May 29, 2020 at the farmer field chak No. 36/TDA, farm of 

AZRI, Bhakkar and farmer field of Kotla Jam, respectively. All agronomic practices were 

applied as and when required. At each locality, the plot size 5m  2.4m for each 

treatment was maintained with row to row 30 cm and   plant to plant 10 cm spacing 

replicated thrice.  

3.9.2 Application of Treatments 

The imidacloprid seed treatment and blue sticky trap effect on thrips population 

was observed 38 DAS, at seven days intervals up to 45 days after spray and considered as 

pre treatment counts or 24 hours before the first spray application. The efficiency was 
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observed by recording the thrips data before one day application (pre-treatment 

population) and after 3, 7 and 14 days after each treatment application. After rebuilt of 

the thrips population second spray application was carried out and again observations 

were recorded with the same pattern as explained earlier. Crop was sun-dried after 

harvesting and threshed. Seeds were properly sun-dried and their weights were recorded 

from each treatment. Yield was then converted in to yield per hectare. For the control of 

thrips following treatments were applied at three locations. 

 T1    = Imidacloprid 70 WS seed treatment @ 5gm/Kg of seed + Blue sticky trap 

 T2    = Entomopathogenic fungi B. bassiana @ 7.5%.  

T3    =  ‘Neem’ seed kernel-extract @ 5% 

 T4    =  Acephate 75% SP @ 330 gm/acre 

T5    =  Chlorfenapyr 360SC @ 100 ml/acre 

T6    =   Imidacloprid 70 WS seed treatment + Blue sticky trap +  

Entomopathohenic fungi B. bassiana @ 7.5%  

T7    = Imidacloprid 70 WS seed treatment @ 5gm/Kg of seed + Blue sticky trap  

+ ‘Neem’ seed kernel-extract @ 5%  

T8    =  Imidacloprid 70 WS seed treatment @ 5gm/Kg of seed + Blue sticky trap  

+ Acephate @ 400gm/acre 

T9  = Imidacloprid 70 WS seed treatment @ 5gm/Kg of seed + Blue sticky trap 

+ Chlorfenapyr @ 100 ml/acre 

T10= Entomopathogenic fungi B. bassiana @ 7.5% + ‘Neem’ seed kernel-

extract @ 5% 

T11 = Control 

3.9.3 Data Collection  

From each treatment, five randomly selected plants data was recorded avoiding 

border rows from each treatment and three randomly selected flowers of each plant were 

observed with the help of magnifying lens from each replication. So, for data collection, 

fifteen flowers were taken per treatment. Second spray application was carried out after 

rebuilt of thrips population and again data wasrecorded. The average population of thrips 

of each genotype was determined on per flower basis. The blue sticky traps were installed 
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before flowering stage i.e., 31 days after sowing (DAS). Yield data was also recorded 

from each locality. 

3.9.4 Statistical Analysis 

To determine treatments significance, the data was analyzed for analysis of 

variance (ANOVA) by using Statistix 8.1 version. The least significant differences (LSD) 

were calculated for mean values of thrips population at 5% probability level 
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Chapter 4: Results and Discussion 

4.1 Host Plant Resistance 

Field research was carried out to screen 25 genotypes/varieties of ‘mungbean’ to 

assess their comparative resistance/ susceptibility against the mungbean thrips, M. 

distalis, during 2018. Based on per flower thrips data, each of 3 genotypes showing 

resistant, intermediate and susceptible responses, were chosen for the final screening 

trails, during 2019. The outcomes are presented under the following sub-headings. 

4.1.1 Preliminary Screening Trial of the Mungbean Genotypes 

4.1.1.1 Varietal Performance of Different Mungbean Genotypes against M. distalis 

during 2018 

The results (Table 2) showed the mean number of thrips per flower population on 

different mungbean genotypes during 2018. It is clear from the outcomes that during 

2018 on the basis of mean population of thrips maximum thrips population were 

observed on Sawat-1, Dera-M and NM-98 which were statistically at par with each other 

with 6.03, 6.00 and 5.57 thrips per flower, respectively. The minimum population 3.07 

thrips per flower was observed in 13TM-04 which was statistically similar with the 

genotypes NM-16 and AZRI-06 which showed 3.27 and 3.40 thrips per flower population 

respectively during 2018. The genotypes NM-11, 12TM-03 and NM-06 showed 4.77, 

4.67 and 4.53 thrips per flower population, respectively which did not show significant 

difference with each other. On the basis of mean number of M. distalis population during 

2018 all the mungbean genotypes were categorized in descending order as follows: 

Sawat-1 (6.03), Dera-M (6.00), NM-98 (5.57), TM-1626 (5.43), TM-1611 (5.40), TM-

1609 (5.37), Chakwal-06 (5.33), Inqilab-M (5.13), TM-1607 (4.87), TM-1615 (4.87), 

TM-1601 (4.83), NM-11 (4.77), 12TM-03 (4.67), NM-06 (4.53), Bahawalpur mung-17 

(4.50), NCM-13 (4.43), Sona-M (4.37), NM-92 (3.93), TM-1418 (3.83), TM-1627 (3.70), 

13TM-14 (3.70), 09TM-11 (3.59), AZRI-06 (3.40), NM-16 (3.27) and 13TM-04 (3.07). 

From these findings it is concluded that Sawat-I, Dera-M and NM-98 with 6.03, 

6.00 and 5.57 thrips per flower population and appeared to be comparatively susceptible; 
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NM-11, 12TM-03 and NM-06 with 4.77, 4.67 and 4.53 thrips per flower, appeared to be 

intermediate and AZRI-06, NM-16 and 13TM-04 with 3.40, 3.27 and 3.07 thrips per 

flower population and were observed to be comparatively resistant and were chosen for 

the final screening experiment during 2019. 

4.1.2 Final Screening Trial of the Mungbean Genotypes 

Based on the per flower thrips data during 2018, in the preliminary screening 

experiment, 3 genotypes (Dera-M, Sawat-I and NM-98) showing comparatively the 

highest population, 3 genotypes (NM-11, 12TM-03 and NM-06) having an intermediate 

response, and 3 genotypes (AZRI-06, NM-16 and 13TM-04) with the minimum thrips 

population, were chosen for the final screening trials during 2019 to confirm the previous 

year’s results. The outcomes are presented under the following sub-headinigs. 

4.1.2.1 Varietal Performance of Different Genotypes against Thrips During 2019 

From the outcomes of preliminary screening trial, three highly susceptible 

genotypes (Dera-M, Sawat-1 and NM-98), three intermediate response genotypes (NM-

11, NM-06 and 12TM-03) and three with the lowest thrips population showing resistant 

response (13TM-04, NM-16 and AZRI-06) were chosen for final screening trial during 

2019. The results (Table 3) showed that maximum number of thrips 6.27 per flower was 

observed on Dera-M followed by Sawat-1 and NM-98 with 5.90 and 5.73 thrips per 

flower respectively which were not significantly different with each other. While 

minimum 3.50 thrips per flower population was recorded in 13TM-04 followed by NM-

16 with 3.53 thrips per flower which did not differ significantly with AZRI-06 with 3.87 

thrips per flower. The genotype 12TM-03 showed 4.47 thrips per flower which was 

statistically similar with NM-06 with 4.73 thrips per flower and followed by NM-11 with 

4.87 thrips per flower. 
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Table No.2. A mean comparison of the data regarding M. distalis density on 

different genotypes of V. radiata L. during 2018  

Genotypes Thrips per Flower during 2018 

Dera-M 6.00 a * 

Sawat-1 6.03 a * 

NM-98 5.57 ab * 

TM-1626 5.43 abc 

TM-1611 5.40 abc 

TM-1609 5.37 abcd 

Chakwal-06 5.33 abcd 

Inqilab-M 5.13 bcde 

TM-1607 4.87 bcdef 

TM-1615 4.87 bcdef 

TM-1601 4.83 cdef 

NM-11 4.77 cdef** 

12TM-03 4.67 def ** 

NM-06 4.53 defg ** 

Bhawalpur M-17 4.50 efg 

NCM-13 4.43 efg 

Sona-M 4.37 fgh 

NM-92 3.93 ghi 

TM-1418 3.83 ghi 

TM-1627 3.70 hij 

13TM-14 3.70 hij 

09TM-11 3.50 hij 

AZRI-06 3.40 ij *** 

NM-16 3.27 ij *** 

13TM-04 3.07 j *** 

LSD value @5% 0.70 

Means with the similar letter(s) are not significantly different from each other at P=0.05 

* = Susceptible genotypes;   ** = Intermediate resistant genotypes;  

*** = Resistant genotypes 
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Table No.3. A mean comparison of the data regarding M. distalis density on 

different genotypes of V. radiata L. during 2019 

Genotypes Thrips per Flower during 2019 

Dera-M 6.27 a 

Sawat-1 5.90 b 

NM-98 5.73 b 

NM-11 4.87 c 

12TM-03 4.47 d 

NM-06 4.73 cd 

AZRI-06 3.87 e 

NM-16 3.53 ef 

13TM-04 3.50 f 

LSD value @5% 0.34 

Means with the similar letter(s) are not significantly different from each other at P=0.05 

* = Susceptible genotypes 

** = Intermediate resistant genotypes 

*** = Resistant genotypes 

4.1.3 Variation in Susceptibility 

Host Plant Susceptibility Indices (HPSIs) were determined on the basis of thrips 

population, for selected genotypes of ‘mungbean’ during 2018 and 2019 and an average 

of both the study years. The results of both years are given as under: 

4.1.3.1 HPSI%, During 2018 

The outcomes (Table 4; Fig. 1) revealed the HPSI (%), based on per flower thrips 

population on different genotypes ofmungbean during 2018. The genotype Dera-M and 

Sawat-I showed maximum 15% HPSI followed by NM-98 which showed 13% HPSI 

during 2018 on per flower basis. These three genotypes were found comparatively 

susceptible to thrips infestation. GenotypesNM-11 showed 12% while 12TM-03 and 

NM-06 each showed 11% HPSI% during 2018. The minimum 7% HPSI was recorded in 

13TM-04 during 2018 followed by NM-16 and AZRI-06 each of which showed 8% 

HPSI%.  
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4.1.3.2 HPSI%, During 2019 

The results (Table 4; Fig. 2) revealed the HPSI (%), based on per flower thrips 

population on different genotypes of mungbean during 2019. The genotype Dera-M 

showed maximum 15% HPSI on per flower basis followed by Sawat-1 and NM-98 which 

showed 14% and 13% HPSI% during 2019. These three genotypes were found 

comparatively susceptible to thrips infestation. Genotypes NM-11 and NM-06 showed 

11% HPSI each during 2019 while 12TM-03 showed 10% HPSI% during 2019. The 

minimum 8% HPSI was recorded in 13TM-04 and NM-16 during 2019 followed by 

AZRI-06 which showed 9% HPSI.  

4.1.3.3 Cumulative HPSI%, During 2018 and 2019 

The results (Table 4; Fig. 3) showed the HPSI (%) on cumulative basis of both 

study years during 2018-19 which showed that maximum HPSI 15% was recorded in 

Dera-M followed by Sawat-1 and NM-98 with14% and 13%, respectively which showed 

that these three genotypes are more susceptible to thrips infestation. While 12TM-03, 

NM-06 and NM-11 showed 11% HPSI of each genotype which were found intermediate 

in response. The minimum HPSI was recorded on 13TM-04 and NM-16 with 8% of each 

followed by AZRI-06 which showed9% HPSI which showed the resistant response to 

thrips infestation on per flower basis. 
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Fig. 1:  HPSI (%) based on per flower M.distalis population on various genotypes of mungbean during 2018. 
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Fig. 2:  HPSI (%) based on per flower M.distalis population on various genotypes of mungbean during 2019  
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Fig. 3:  HPSI (%) based on per flower M.distalis population on various genotypesof mungbean on Cumulative basis 

during 2018-19  
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Table 4: HPSi (%) based on mean percentage of thrips on various genotypes of 

mungbean during 2018 and 2019 and on cumulative basis 

Genotypes Host Plant Susceptible Indices (%) 

Based on per Flower during 

 2018 2019 Cumulative of 2018-19 

Dera-M 15% 15% 15% 

Sawat-I 15% 14% 14% 

NM-98 13% 13% 13% 

12TM-03 11% 10% 11% 

NM-06 11% 11% 11% 

NM-11 12% 11% 11% 

AZRI-06 8% 9% 9% 

NM-16 8% 8% 8% 

13TM-04 7% 8% 8% 

 

4.2 Response of Different Mungbean Genotypes against Thrips Attack 

Response of different selected mungbean genotypes against thrips was assessed by 

comparing the total flowers, flower shedding, total pods and deformed pods per plant basis.  

4.2.1 Total Flowers and Flower Shedding Per Plant 

The results (Fig. 4) showed total number of flower and flower shedding per plant of 

different mungbean genotypes. It is evident from the present findings that different genotypes 

behaved differently in the case of total number of flowers on per plant basis. Results showed that 

the maximum flowers 125.93 per plant were observed in Dera-M which was at par to Sawat-1 

and 12TM-03 with 116.60 and 112.80 flowers per plant, respectively. While 13TM-04, NM-98, 

NM-06, NM-11 and NM-16 behaved statistically at par with each other having 102.53, 100.93, 

100.27, 100.13 and 98.13 flowers per plant, respectively. Minimum 85.47 flowers per plant were 

observed in AZRI-06 which was significantly different with all tested genotypes. The results 

(Fig. 4) also revealed that different genotypes had significant impact on number of flower 

shedding which may be due to thrips preference. Maximum 99.53 flower shedding per plant was 
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Figure 4.  Response of different mungbean genotypes on number of flowers per plant 
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observed in Dera-M which was significantly the highest than other tested genotypes followed by 

Sawat-1 with 87.67 flower shedding per plant. While minimum flower shedding per plant was 

recorded in AZRI-06 and 13TM-04 which was not significantly different from each other having 

54.73 and 59.87 flowers shedding per plant, respectively. While genotypes NM-06 and NM-11 

showed 74.47 and 74.27 flowers shedding per plant, respectively which were not significantly 

different with each other. 

4.2.2 Total Pods and Deformed Pods per Plant 

The results (Fig. 5) depicted the total number of pods and deformed pods on per plant 

basis of different mungbean genotypes. It is clear from the results that utmost 36.60 pods per 

plant was observed in 13TM-04 which was statistically similar with NM-16 with 34.80 pods per 

plant followed by AZRI-06 with 28.73 pods per plant. Minimum 16.07 pods per plant were 

observed in NM-98 having non significant difference with Sawat-1 and Dera-M with 18.53 and 

18.67 pods per plant, respectively. While 12TM-03, NM-11 and NM-06 behaved statistically 

similar with 22.93, 22.20 and 21.20 total pods per plant, respectively. Results also showed that 

maximum deformed pods 4.93 and 4.33 were recorded in Dera-M and Sawat-1 and were 

statistically at par with each other (Fig. 5). However minimum 2.07 deformed pods per plant 

were observed in 13TM-04 which was statistically at par with NM-16 and AZRI-06 with 2.33 

and 2.60 deformed pods per plant, respectively. The genotypes NM-06, NM-98, 12TM-03 and 

NM-11 showed 3.27, 3.07, 2.87 and 2.87 deformed pods per plant, respectively and were 

statistically similar with each other. 
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Figure 5.  Response of different mungbean genotypes on number of pods per plant 
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4.3 Role of Different Genotypes/Varieties on the Yield and the Yield 

Contributing Characters 

The results showed the yield (kg/ha) and yield contributing characters of different 

mungbean genotypes which revealed that genotype 13TM-04 showed maximum number 

8.40 seeds per pod which was closely followed by NM-16 with 7.73 seeds per pod and 

were statistically at par with each other (Table 5). While minimum 5.80 seeds per pod 

was observed in Dera-M which was not significantly different from NM-98 and Sawat-1 

with 6.60 and 6.67 seeds per pod, respectively. While the genotypes AZRI-06, 12TM-03, 

NM-11 and NM-06 showed 7.47, 7.47, 7.07 and 6.80 seeds per pod, respectively and 

were not significantly different with each other. 

The outcomes (Table 5) also revealed that maximum seed weight 4.77 g per 

plant was recorded in 13TM-04 which was not significantly different from NM-16 and 

AZRI-06 which showed 4.22 and 4.31 g seed weight per plant, respectively. Minimum 

2.53 g seed weight per plant was recorded in Dera-M which was considerably different 

from the rest of the other tested genotypes followed by NM 98, Sawat-1 and NM-06 with 

3.20, 3.43 and 3.70 g seed weight per plant, respectively, which were statistically at par 

with each other. The results (Table 5) also exposed that no significant difference exists 

among the NM-16, 13TM-04, AZRI-06 and NM-11 genotypes of mungbean with 5.57, 

5.51, 5.42 and 5.27 g maximum hundred seed weight, respectively. While minimum 3.80 

hundred seed weight was recorded in Dera-M which was not significantly different with 

NM-98 and Sawat-1 with 4.04 and 4.31 g hundred seed weight, respectively. The 

genotypes NM-06, 12TM-03 showed 4.72, 4.49 g hundred seed weight, respectively and 

did not differ significantly from each other. 

The results (Table 5) also depicted that the per hectare yield significantly differ 

in the different selected mungbean genotypes. The highest yield 935 kg/ha was recorded 

in NM-16 which was at par to 13TM-04 which results 902.8 kg/ha yield and were 

significantly different from all other selected genotypes of mungbean followed by AZRI-

06 and NM-11 with yield 759.4 and 675.0 kg/ha yield, respectively. However minimum 

yield was recorded in Dera-M followed by NM-98 with 333.3 and 466.7 kg/ha 

respectively which were significantly different from each other. 
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Table No. 5:  Effect of different genotypes/varieties on the yield and the yield 

contributing characters of mungbean 

Treatments No. of 

Seed/pod 

Seed 

weight/plant 

(gm) 

100 Seed 

Weight (gm) 

Yield/plot 

(gm) 

Yield 

kg/ha 

AZRI-06 7.47 bc 4.22 ab 5.42 a 455.7 b 759.5 b 

NM-16 7.73 ab 4.31 ab 5.57 a 561.0 a 935.0  a 

13TM-04 8.40 a 4.77 a 5.51 a 541.7 a 902.8 a 

NM-11 7.07 bc 4.08 bc 5.27 ab 405.0 c 675.0 c 

NM-06 6.80 c 3.70 bcd 4.72 bc 369.0  cd 615.0 cd 

12TM-03 7.47 bc 3.98 bc 4.49 cd 345.7 d 576.1 d 

NM-98 6.60 cd 3.20 d 4.04 de 280.0 e 466.7 e 

Sawat-1 6.67 cd 3.43 cd 4.31 cde 332.7 d 554.2 d 

Dera-M 5.80 d 2.53 e 3.80 e 200.0 f 333.3 f 

LSD 0.05 0.88 0.66 0.56 42.77 71.28 

Means with the similar letter(s) are not significantly different from each other at P=0.05 

4.4 Impact of Weather Factors on the Thrips Population Fluctuation  

 The study was planned to examine the impact of weather in the thrips population  

fluctuation, during 2018 and 2019. The outcomes are described under the following sub-

sections. 

4.4.1 M. distalis Population Fluctuation versus Climate Factors, During 2018 

The outcomes regarding per flower thrips population versus weather factors, 

during 2018 are presented in Table 6 with the objective of determining the thrips per 

flower population fluctuation trend with respect to weather conditions. During 2018, the 

highest thrips density were observed on the dates, the 26th June, with 5.099 thrips per 

flower at 43.50 °C, 26.88 °C and 25.19 °C maximum, minimum and average temperature, 

respectively and with 44.125% average R.H with rainfall nil which declined to 4.83 thrips 



71 
 

per flower during the 30th  June, 2018 and again increased to 5.07 thrips per flower on 

the date 04th  July 2018 at 41.50 °C, 26.75 °C and 34.13 °C maximum, minimum and 

average temperature, respectively and with 58% average relative humidity.  

4.4.2 M. distalis Population Fluctuation versus Climate Factors, During 2019 

The results regarding per flower thrips population, versus weather factors, during 

2019 are presented in Table 6. The maximum 5.11 thrips per flower were observed 

during the 26th, June 2019 which gradually increased to 5.22 thrips per flower during the 

30th, June 2019 and a peak population of 5.58 thrips per flower was observed during the 

04th, July 2019 at 45.50 °C, 28.25 and 36.88 °C maximum, minimum and average 

temperature, respectively and with 45.50% average R.H with no rainfall. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



72 
 

Table 6:  Data regarding meteorological observations on various weather 

factors and thrips population per flower during 2018-19 

Sr.No. Date Temperature oC Average 

R.H (%) 

Average 

R.F 

(mm) 

Average 

Thrips/Flower Maximum Minimum Average 

1 14.06.18 45.125 29.625 37.375 46.250 0.000 4.562 

  (6.755) (5.489) (6.154) (6.837) (0.707) (2.250) 

2 18.06.18 43.500 28.500 36.000 47.500 0.000 4.763 

  (6.633) (5.385) (6.042) (6.928) (0.707) (2.294) 

3 22.06.18 41.750 26.750 34.250 49.250 2.500 4.341 

  (6.500) (5.220) (5.895) (7.053) (1.732) (2.200) 

4 26.06.18 43.500 26.875 35.188 44.125 0.000 5.099 

  (6.633) (5.232) (5.974) (6.680) (0.707) (2.366) 

5 30.06.18 39.750 26.000 32.875 54.500 0.000 4.831 

  (6.344) (5.148) (5.777) (7.416) (0.707) (2.309) 

6 04.07.18 41.500 26.750 34.125 58.000 0.000 5.067 

  (6.481) (5.220) (5.884) (7.649) (0.707) (2.359) 

7 08.07.18 37.750 25.875 31.813 55.750 17.880 4.028 

  (6.185) (5.136) (5.684) (7.500) (4.287) (2.128) 

8 12.07.18 45.250 (29.375) 37.313 48.250 0.000 4.999 

  (6.764) (5.466) (6.149) (6.982) (0.707) (2.345) 

9 16.07.18 42.500 29.750 36.125 56.125 0.000 4.873 

  (6.557) (5.500) (6.052) (7.525) (0.707) (2.318) 

10 20.07.18 38.500 26.000 32.250 68.000 13.500 4.144 

  (6.245) (5.148) (5.723) (8.276) (3.742) (2.155) 

11 24.07.18 40.500 28.925 34.713 68.125 0.250 4.503 

  (6.403) (5.424) (5.934) (8.284) (0.866) (2.237) 

12 28.07.18 39.000 26.500 32.750 68.750 4.875 4.144 

  (6.285) (5.196) (5.766) (8.322) (2.318) (2.155) 

13 01.08.18 39.500 27.125 33.313 60.625 0.000 4.273 

  (6.325) (5.256) (5.815) (7.818) (0.707) (2.185) 
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Sr.No. Date Temperature oC Average 

R.H (%) 

Average 

R.F 

(mm) 

Average 

Thrips/Flower Maximum Minimum Average 

        

1 14.06.19 43.500 28.870 36.185 46.500 0.000 4.867 

  (6.633) (5.419) (6.057) (6.856) (0.707) (2.317) 

2 18.06.19 44.380 25.500 34.940 47.630 0.500 4.931 

  (6.699) (5.099) (5.953) (6.938) (1.000) (2.330) 

3 22.06.19 38.250 23.000 30.625 54.000 3.750 4.751 

  (6.225) (4.848) (5.579) (7.382) (2.062) (2.291) 

4 26.06.19 40.380 26.130 33.255 55.130 1.500 5.111 

  (6.394) (5.160) (5.810) (7.459) (1.414) (2.369) 

5 30.06.19 42.500 26.000 34.250 52.880 0.750 5.223 

  (6.557) (5.148) (5.895) (7.306) (1.118) (2.392) 

6 04.07.19 45.500 28.250 36.875 45.500 0.000 5.583 

  (6.782) (5.362) (6.114) (6.782) (0.707) (2.466) 

7 08.07.19 39.130 25.630 32.380 66.880 8.250 4.763 

  (6.295) (5.112) (5.734) (8.209) (2.958) (2.294) 

8 12.07.19 41.000 28.130 34.565 62.000 0.000 5.215 

  (6.442) (5.351) (5.922) (7.906) (0.707) (2.391) 

9 16.07.19 39.250 25.630 32.440 62.000 1.250 4.528 

  (6.305) (5.112) (5.739) (7.906) (1.323) (2.242) 

10 20.07.19 39.130 26.750 32.940 65.250 0.550 4.215 

  (6.295) (5.220) (5.783) (8.109) (1.025) (2.171) 

11 24.07.19 41.880 29.000 35.440 57.000 0.000 4.647 

  (6.510) (5.431) (5.995) (7.583) (0.707) (2.269) 

12 28.07.19 37.950 28.000 32.975 66.630 0.250 4.338 

  (6.201) (5.339) (5.786) (8.193) (0.866) (2.200) 

13 01.08.19 37.630 25.100 31.365 68.380 14.500 3.800 

  (6.175) (5.060) (5.645) (8.299) (3.873) (2.074) 

Numbers in parenthesis are square root transformed 
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4.4.3 M. distalis population fluctuation versus climate factors, on Average Basis for 

Both Studies Years (2018 and 2019) 

The results (Fig. 6) showed the thrips population and climate factors relationship 

at various dates of observations on average basis for both study years 2018 and 2019. The 

outcome showed that a maximum thrips population (5.32/flower) was observed, on the 

04th July, at 43.50 °C, 27.50 °C and 35.50 °C maximum, minimum and average 

temperature, respectively with 51.75% relative humidity and with nil rainfall. 

4.4.4 Abiotic Factors Influence on M. distalis Population 

The results regarding thrips density, per flower, during 2018 and 2019, were 

correlated with the weather factors, year-wise as well as cumulatively to see the weather 

factors influence on the thrips per flower population fluctuations on ‘mungbean’. The 

weather/ abiotic factors impact on the thrips population was also calculated by processing 

the data through a Multiple Linear Regression analysis. 

The data (Table 7) showed that during both research years 2018-19 maximum 

temperature and average temperature showed a positive and significant correlation with 

highly significant correlation with (r) value 0.90 and 0.668 respectively on cumulative 

basis, whereas average R.H and rainfall during both years exhibited negative and 

significant correlation with the thrips population with highly significant correlation with 

(r) value 0.732 and 0.750, respectively on cumulative basis. Whereas, non significant 

correlation was found with minimum temperature during both years and on cumulative 

basis. 
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Figure 6. M. distalis population fluctuation versus weather factors during 2018-19 on cumulative basis 
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Table 7. Correlation coefficents (r) between M. distalis population per flower 

basis on mungbean, and various weather factors, during 2018 and 

2019 

Weather Factors Per Flower Thrips 

2018 2019 Cumulative 

Max. Temperature (°C) 0.715** 0.747** 0.90** 

Min. Temperature (°C) 0.413 ns 0.250 ns 0.285 ns 

AverageTemperature (°C) 0.644** 0.633* 0.668** 

Average Relative Humidity (%) -0.555* -0.715** -0.732** 

Average Rain Fall (mm) -0.761** -0.553* -0.750** 

 

Where 

* = Significant at P ≤ 0.05;  

**= Significant at P ≤ 0.01;  

ns = Non Significant 

4.4.5 The Weather Factors Multiple Effects on M. distalis Population 

The results (Table 8) showed the weather factors multiple effects on per flower 

thrips population, during 2018. According to findings during 2018 maximum contribution 

(51.1%) was observed by maximum temperature in thrips population fluctuations 

followed by rainfall (14.8%), average temperature (3.0%) and average relative humidity 

(1.4%). The R2 value was observed 70.3%, when the effects of all climate factors on the 

per flower thrips population fluctuation on mungbean was analyzed together for the year 

2018 and the equation was good fitted.  

The results (Table 9) revealed that in 2019 maximum temperature contributed 

maximum (55.8%) role in thrips per flower fluctuation of population followed by rainfall 

(4%), average relative humidity (1.2%) and average temperature (1.0%). The R2 value of 

all climate factors for the year 2019 was observed 62.0%, on the per flower thrips 

population fluctuation on mungbean and the equation was not fitted. The regression 

model showed that maximum temperature was the most important abiotic factor with 

maximum contributioni.e. 51.1% and 55.8% role followed by rainfall which showed 
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14.8% and 4% role during 2018 and 2019, respectively in the thrips population 

fluctuation. The contribution of other weather factors to the thrips population variation 

was low. 

 

Table .8 Multiple linear regression model/s along with (R²), regarding the 

impact of weather factors, on the per flower M. distalis population 

during 2018 on mungbean 

REGRESSION EQUATION R² 100 R² Percent 

Role 

F 

value 

P 

Value 

Y** = 0.184 + 0.320 X1
** 0.511 51.1 51.1 11.47 0.006 

Y * = 0.484 + 0.610 X1 – 0.368 X2 0.541 54.1 3.0 5.89 0.020 

Y* = -0.12+ 0.849X1 - 0.572 X2 + 0.0349 X3 0.555 55.5 1.4 3.74 0.054 

Y* = 1.54 + 0.619 X1 - 0.562 X2 + 0.0117 X3  

- 0.0376 X4 

0.702 70.3 14.8 4.73 0.030 

Where 

* = Significant at P ≤ 0.05;    

**= Significant at P ≤ 0.01;  

Y = Thrips population per flower;  

X
1
= Maximum temperature (

o
C);  

X
2
= Average temperature (

o
C);  

X
3 

= Average relative humidity (%), and  

X
4 

= Rainfall (mm). 
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Table .9 Multiple linear regression model/s along with (R²), regarding the 

impact of weather factors, on the per flower M. distalis population 

during 2019 on mungbean 

REGRESSION EQUATION R² 100 R² Percent 

Role 

F 

value 

P 

Value 

Y** = - 0.266 + 0.398 X1
** 0.558 55.8 55.8 13.89 0.003 

Y* = - 0.073 + 0.513 X1 - 0.159 X2 0.568 56.8 1.0 6.58 0.015 

Y* = 0.89 + 0.335 X1 - 0.066 X2 - 0.0478 X3 0.580 58.0 1.2 4.15 0.042 

Y = 1.19 + 0.503 X1 - 0.333 X2 - 0.017 X3  - 

0.0334 X4 

0.620 62.0 4.0 3.26 0.073 

 

Where 

* = Significant at P ≤ 0.05;  

**= Significant at P ≤ 0.01;  

Y = Thrips population per flower;  

X
1
= Maximum temperature (

o
C);  

X
2
= Average temperature (

o
C);  

X
3 

= Average relative humidity (%), and  

X
4 

= Rainfall (mm). 
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The results (Table 10) showed the weather factors multiple effects on thrips 

population on cumulative basis during 2018 and 2019. According to findings on 

cumulative basis maximum temperature contributes maximum (62.4%) role in thrips per 

flower fluctuation of population followed by rainfall (6.3%), average temperature 

(4.8%) and average R.H (0.4 %). The R2 value of all climate factors for the year 2018 

and 2019 was observed 73.9%, on the per flower thrips population fluctuation on 

mungbean and the equation was good fitted.  

 

Table .10 Multiple linear regression model/s along with (R²), regarding the 

impact of weather factors, on the per flower M. distalis population 

cumulative during 2018-19, on mungbean 

REGRESSION EQUATION R² 100 R² Percent 

Role 

F 

value 

P 

Value 

Y** = -0.399+ 0.415 X1
** 0.624 62.4 62.4 18.24 0.001 

Y** = 0.034 + 0.731 X1
* - 0.420 X2 0.672 67.2 4.8 10.23 0.004 

Y** = - 0.66 + 0.957 X1 - 0.600 X2 + 0.0.38 

X3 

0.676 67.6 0.4 6.27 0.014 

Y *= 1.21 + 0.792 X1 - 0.706 X2 + 0.024 X3  - 

0.0431 X4 

0.739 73.9 6.3 5.67 0.018 

 

Where 

* = Significant at P ≤ 0.05;  

**= Significant at P ≤ 0.01;  

Y = Thrips population per flower;  

X
1
= Maximum temperature (

o
C);  

X
2
= Average temperature (

o
C);  

X
3 

= Average relative humidity (%), and  

X
4 

= Rainfall (mm). 
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Results of the present findings showed that out of twenty five tested genotypes 

against thrips infestation three genotypes namely 13TM-04, NM-16 and AZRI-06 

showed resistant response in two years trial which are in partial confirmatory with 

Sreekanth et al. (2002) who found that among thirty eight genotypes, four genotypes of 

mungbean constantly showed resistance to thrips namely LGG460, 480, 491 and 582 

during 2000 and 2001. The results of the present findings are in accordance with the 

Kooner and Malhi (2004) and with Brar et al. (2004) who obtained similar results 

although they used different mungbean varieties. The present results are also in 

confirmatory with Rani et al. (2008) who found that out of 12 tested mungbean entries 

against thrips, less attack of thrips was recorded on MGG362 and MGG365 as compared 

to check MGG 295. The present findings are in agreement with Singh and Singh (2014) 

who screened 30 genotypes of mungbean against sucking insect pests including flower 

thrips. Minimum flower thrips infestation was recorded in ML-1628 and Pusa-1171 while 

maximum thrips infestation was recorded in BPMR-145, HUM-12 and Pusa-0672. In the 

present studies 13TM-04 constantly showed resistance against thrips attack which are in 

confirmatory with Indiati (2004) who investigated that mungbean cultivar MLG-716 

constantly showed the resistance against thrips attack. The resistance of 13TM-04 may be 

due to antixenosis action. 

Sucking insect pests population fluctuation is significantly influenced by weather 

factors. (Gogoi & Dutta, 2000; Murugan & Uthamasamy, 2001; Panickar & Patel, 2001). 

According to our findings maximum temperature has dominant role in thrips population 

fluctuation and is the most important abiotic factor which has highly significant and 

positive correlation while minimum temperature has positive and non-significant 

correlation which is in partial agreement with the Akram et al. (2013) they found that 

maximum and minimum temperature has strongly positive association with thrips 

population . Our outcomes are in accordance with the outcomes of Shivanna et al. (2011) 

who observed that with the rise in maximum temperature thrips population increases. 

Present results are not in agreement with  Zala et al. (2014) who found that thrips has 

significantly negative association with maximum temperature. According to present 

results rainfall and average relative humidity has a strong negative correlation on 

cumulative basiswhich confirm the result of the Patel et al. (2013) and Saini et al. (2017) 
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also affirmed the negative relation of thrips with rainfall. Our results confirmed the 

findings of  Shahid et al. (2012) who observed that thrips population has negative 

relationship with rainfall and relative humidity. Our results are in confirmatory with the 

findings of  Akram et al. (2013) who observed that with the increase in R.H, thrips 

population decreases because R.H has strong negative association. Our results are not in 

confirmatory with the Saleem et al. (2013) and Janu et al. (2017) who observed that 

thrips population has positive and noteworthy association with relative humidity and have 

no considerable relationship with maximum, minimum temperature and rainfall. Thrips 

population may be affected by rainfall by direct and indirect way (Pereira et al., 2007; 

Semeao et al., 2012; Morsello et al., 2014). Our findings showed that rainfall have 

significant and negative correlation during 2018,2019 and on cumulative basis which is 

in confirmatory with the findings of Sedaratian et al. (2010) who found that thrips have 

negative association with rainfall and relative humidity. Rainfall causes mortality of 

insect  due to the mechanical impact of droplets which wash small insects down onto the 

soil and the indirectly rainfall increases the humidity (Semeao et al., 2012). Similarly 

Barbosa et al. (2019) found a negative impact of rainfall on thrips population in multiple 

regression analysis.  

4.5 Mechanism of Resistance 

From preliminary screening trial, nine mungbean genotypes viz., 13TM-04, NM-

16, AZRI-06, NM-11, 12TM-03, NM-06, NM-98, Sawat-I and Dera-M were selected 

based on per flower thrips population and were sown in the field. Various physio-

morphic and chemical plant characters were evaluated and correlated with the thrips 

population, on per flower basis. To examine the impact of different plant characters, 

towards the resistance/susceptibility against thrips, on ‘mungbean’Multiple Linear 

Regression Models were also developed. In the following sub-sections, the results are 

presented. 
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4.5.1 Physio-Morphic Plant Characters in Various Selected Genotypes of 

Mungbean (V. radiata L.) 

4.5.1.1  Moisture (%) 

The moisture contents data for different selected mungbean genotypes are given 

in Table 11 Column A which reveals a highly significant variation among the genotypes. 

The highest 89.77% moisture contents were recorded in Dera-M which was statistically 

at par with those of NM-98 with 89.70% moisture contents followed by Sawat-I and NM-

11 with 89.23 and 88.83% moisture contents, respectively and were not significantly 

different with each other. The genotypes 13TM-04 and NM-06 exhibited minimum 86.87 

and 87.27% moisture contents which behaved statistically similar results. While the 

genotypes NM-16, 12TM-03 and AZRI-06 showed 88.19, 88.27 and 88.54% moisture 

contents, respectively. There were no significant differences between theses three 

genotypes. It was found from these results that Dera- M exhibited maximum moisture 

contents, while 13TM-04 had minimum moisture contents in flowers of mungbean. 

4.5.1.2  Dry Matter (%) 

Difference was found to be significant Table 11 Column B among mungbean 

genotypes regarding dry matter contents in the flowers of mungbean. The maximum dry 

matter percentage was recorded in 13TM-04 which was not significantly different from 

NM-06 with 13.13 and 12.73% dry matter respectively. The genotypes NM-16, 12TM-03 

and AZRI-06 possessed 11.81, 11.73 and 11.46% dry matter and did not exhibit a 

substantial difference between themselves. The genotype NM-11 exhibited 11.17% and 

Sawat-I showed 10.77% dry matter contents which were statistically at par with each 

other. While the genotype Dera-M showed minimum 10.23% dry matter contents which 

was statistically similar with NM-98 with 10.30% dry matter contents. It is concluded 

from the results that 13TM-04 possessed minimum dry matter contents whereas, Dera-M 

showed maximum dry matter contents in the flower of mungbean. 
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4.5.1.3  Number of Pods 

The results Table 11 Column C showed the total amount of pods/ plant on  

different selected genotypes of mungbean. The genotype 13TM-04 showed maximum 

34.60 pods per plant which was not significantly different from NM-16 which exhibited 

34.80 pods per plant and followed by AZRI-06 with 28.73 pods per plant. The genotype 

NM-98 showed minimum 16.07 pods per plant which showed no significant variation 

with Sawat-1 and Dera-M with 18.53 and 18.67 pods per plant.  While the three 

genotypes 12TM-03, NM-11 and NM-06 exhibited 22.93, 22.20 and 21.20 total pods per 

plant, respectively with no significant difference among them. It was found from these 

results that the genotypes 13TM-04 exhibited maximum number of pods per plant while 

NM-98 had minimum number of pods/plant in mungbean crop. 

4.5.1.4  Pod Length (cm) 

Different selected mungbean genotypes pod length data are given in Table 11 

Column D which indicates a major variation between the genotypes. The maximum pod 

length was observed in NM-16 which was statistically similar with AZRI-06, 13TM-04 

and NM-11 with 7.85, 7.76, 7.55 and 7.26 cm pod length, respectively. The genotype 

Dera-M possessed minimum 6.24 cm pod length which was statistically similar with 

Sawat-I with 6.82 cm pod length. The three genotypes NM-06, 12TM-03 and NM-98 

showed 7.23, 7.13 and 7.09 cm pod length without any significant difference with each 

other. It was concluded from these findings that NM-16 exhibited maximum pod length, 

while, Dera-M had a minimum pod length. 

4.5.1.5  Number of Seeds per Pod   

The results Table 11 Column E showed the number of seed per pod in different 

selected mungbean genotypes which reveal a highly significant variation between the 

genotypes. The genotype 13TM-04 possessed highest 8.40 seeds per pod which was 

closely followed by NM-16 with 7.73 seeds per pod and were not significantly different 

with each other. While minimum 5.80 seeds per pod was observed in Dera-M which was 

statistically at par with NM-98 and Sawat-1 with 6.60 and 6.67 seeds per pod, 

respectively. While the genotypes AZRI-06, 12TM-03, NM-11 and NM-06 showed 7.47, 
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7.47, 7.07 and 6.80 seeds per pod, respectively and were not significantly different with 

each other. It was concluded from these findings that the mungbean genotype 13TM-04 

had maximum number of seed per pod whereas, Dera-M showed minimum number of 

seed per pod. 

4.5.1.6  Number of Fruiting Branches 

The results Table 11 Column F showed that a considerable difference exist 

between the mungbean genotypes regarding fruiting branches number per plant. The 

maximum 9.73 fruiting branches were observed in Dera-M with no significant difference 

among Sawat-I and 12TM-03 with 9.40 and 9.00 fruiting branches, respectively. The 

genotype NM-16 exhibited minimum 7.47 numbers of fruiting branches which was 

statistically at par with the genotypes 13TM-04 and AZRI-06 which showed 7.60 and 

8.20 fruiting branches, respectively. The three genotypes NM-06, NM -98 and NM-11 

showed 8.80, 8.73 and 8.33 number of fruiting branches, respectively with no significant 

variation with each other. 

4.5.1.7  Plant Height (cm) 

The outcome of plant height in different chosen mungbean genotypes are 

presented in Table 11 Column G which showed a significant variation among mungbean 

genotypes. The maximum plant height 63.36 cm was found in Dera-M which was not 

significantly different from Sawat-I having 58.08 cm plant height. The genotypes NM-98, 

12TM-03 and NM-06 exhibited 54.12, 51.04 and 50.60 cm plant height with no 

significant variation with each other.  
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Table No. 11   Mean comparison of the data regarding various physiomorphic plant characters of selected genotypes on 

mungbean (V. radiata L.)  

Genotypes Moisture 

(%) 

Dry matter 

(%) 

Total 

Pods 

Pod Length 

(cm) 

No. of 

Seed/pod 

Fruiting 

Branches 

Height 

(cm) 

A B C D E F G 

AZRI-06 88.54 cd 11.46 bc 28.73 b 7.76 ab 7.47 bc 8.20 cde 38.32 f 

NM-16 88.19 d 11.81 b 34.80 a 7.85 a 7.73 ab 7.47 e 42.68 ef 

13TM-04 86.87 e 13.13 a 36.60 a 7.55 abc 8.40 a 7.60 de 45.47 de 

NM-11 88.83 bc 11.17 cd 22.20 c 7.26 abcd 7.07 bc 8.33 cd 45.76 de 

NM-06 87.27 e 12.73 a 21.20 cd 7.23 bcd 6.80 c 8.80 bc 50.60 cd 

12TM-03 88.27 d 11.73 b 22.93 c 7.13 cd 7.47 bc 9.00 abc 51.04 cd 

NM-98 89.70 a 10.30 e 16.07 e 7.09 cd 6.60 cd 8.73 bc 54.12 bc 

Sawat-I 89.23 b 10.77 d 18.53 de 6.82 de 6.67 cd 9.40 ab 58.08 ab 

Dera-M 89.77 a 10.23 e 18.67 de 6.24 e 5.80 d 9.73 a 63.36 a 

LSD at 5% 0.404 0.404 2.846 0.591 0.876 0.859 6.514 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05
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The minimum plant height of 38.32 cm was found in AZRI-06 which was 

statistically at par with NM-16 which showed 42.68 cm plant height. The genotypes 

13TM-04 and NM-11 exhibited 45.47 and 45.76 cm plant height, respectively and were 

not significantly different with each other. It is evident from the outcomes that Dera-M 

possessed highest plant height while, AZRI-06 had minimum plant height. 

4.5.2 Chemical Plant Characters 

4.5.2.1 Nitrogen Contents (%) 

 Themean comparison (P=0.05) of nitrogen percentage in different genotypes of 

mungbean is given in Table 12 Column A. The maximum nitrogen contents 3.45% was 

observed in the flowers of the NM-98 genotype and was followed by Dera-M and Sawat-

I with 3.17 and 3.16% nitrogen, respectively which were not significantly different with 

each other. The minimum contents of nitrogen 2.91% were recorded in AZRI-06 which 

was statistically at par with NM-16, 13TM-04 and NM-11 with 2.85, 2.98 and 3.00% 

nitrogen contents, respectively.  While NM-06 and 12TM-03 showed non-significant 

variation with 3.11 and 3.12% nitrogen contents, respectively in flowers of mungbean. 

4.5.2.2 Protein Contents (%) 

 The findings for protein percentage in the flowers of various chosen mungbean 

genotypes are shown in Table 12 Column B. The maximum nitrogen contents 18.17% 

was observed in NM-98 genotype followed by Dera- M and Sawat-I with 19.83 and 

19.75% protein, respectively which were statistically at par with each others. The 

minimum 18.17% protein contents were observed in AZRI-06 which did not show 

significant variation with NM-16, 13TM-04 and NM-11 with 17.83, 18.63and 18.75% 

protein. While NM-06 and 12TM-03 showed 19.46 and 19.52% protein contents, 

respectively. There was no substantial difference between the two mungbean genotypes 

that were later described. The trend concerning to protein percentage was same that 

observed for nitrogen contents in the flowers of mungbean genotypes. 
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4.5.2.3  Phosphorous (%) 

 The phosphorous contents percentage in the flowers of different chosen 

mungbean genotypes are described in the Table 12 Column C. The maximum 

phosphorous contents 0.40% were recorded in NM-11 which was statistically at par with 

AZRI-06 with 0.38% and followed by NM-16 wth 0.36% phosphorous contents. The two 

mungbean genotypes described later showed no substantial difference between them. 

Minimum 0.27% phosphorous contents were observed in Dera- M followed by Sawat-I 

with 0.30% phosphorous contents. While 13TM-04, 12TM-03, NM-06 and NM-98 

showed 0.33, 0.33, 0.31 and 0.31% phosphorous contents, respectively and were 

statistically at par with each other. It is clear from the resilts that NM-11 exhibited 

maximum, and Dera-M showed minimum phosphorous contents in the flowers of 

mungbean. 

4.5.2.4  Potassium Contents (%) 

 The contents of potassium percentage in the flowers of different chosen 

mungbean genotypes are described in the Table 12 Column D. The maximum 4.20% 

potassium contents were observed in Sawat-I which was not statistically different with 

NM-98 (4.14%) and followed by Dera- M and NM-16 with 3.57 and 3.22% potassium 

contents respectively. The two mungbean genotypes described later showed no 

substantial differences between them. The minimum contents 2.72% of potassium were 

observed in 12TM-03 which exhibited non-significant difference with NM-06, NM-11 

and AZRI-06 with 2.85, 2.94 and 3.07% potassium contents followed by 13TM-04 which 

showed 3.12% potassium contents. It is clear from these findings that Sawat-I had 

maximum, whereas 12TM-03 possessed minimum potassium contents in the flowers of 

mungbean. 

4.5.2.5  Ashes (%) 

 The ash contents in the flowers of different selected mungbean genotypes are 

described in the Table 12 Column E. The highest contents 8.64% of ash were observed in 

Sawat-I which was statistically at par with NM-98 (8.61%). While the genotype Dera- M 
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(8.22%) was statistically at par with NM-98 and AZRI-06 with 8.61 and 7.82% ash 

contents, respectively. The minimum 6.66% ash contents were observed in 12TM-03 

which did not show a significant variation with NM-06 with 6.96% followed by NM-11 

with 7.13% ash contents. There was no significant difference between the two mungbean 

genotypes that were later described. While NM-16 and 13TM-04 showed 7.64 and 7.54% 

ash contents and were not significantly different with each other. 

4.5.2.6  Ether Extract (%) 

 The mean comparison (P=0.05) of ether extract percentage in different genotypes 

of mungbean is given in Table 12 Column F. The genotypes 12TM-03, NM-11, NM-06 

and 13TM-04 showed maximum ether extract contents with 2.80, 2.70, 2.70 and 2.60% 

ether extract, respectively and were statistically at par with each other. While Dera- M 

showed minimum 2.30% ether extract contents followed by Sawat-I, NM-98 and AZRI-

06 which showed 2.40% each. While NM-16 and 13TM-04 showed at par results with 

2.50 and 2.60% ether extract, respectively. It is evident from findings that 12TM-03 had 

maximum, while Dera-M possessed minmum ether extract contents in the flowers of 

mungbean. 

4.5.2.7  Reducing Sugar (%) 

 The outcomes for reducing sugar percentage in the flowers of different chosen 

mungbean genotypes are given in Table 12 Column G. The genotype NM-98 exhibited 

highest contents of reducing sugar 12.50% which was significantly different from rest of 

other mungbean genotypes followed by Sawat-I and Dera- M with 11.54 and 11.36% 

reducing sugar contents, respectively. There was no significant difference between the 

two mungbean genotypes that were later described. The mungbean genotype NM-11 

showed minimum reducing sugar contents 5.07% in the flowers and was statistically at 

par with NM-16 with 5.35% reducing sugar contents. Statistically similar results were 

also found among NM-16, 13TM-04, AZRI-06 and NM-06 with 5.35, 5.42, 5.45 and 

5.46% contents of reducing sugar, respectively. While the genotype 12TM-03 showed 

6.24% reducing sugar contents which were significantly different from all other 

mungbean genotypes.  
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4.5.2.8 Non Reducing Sugar (%) 

 The non reducing contents percentage in the flowers of different chosen 

mungbean genotypes are presented in the Table 12 Column H. The outcomes clearly 

indicate a highly significant variation between selected mungbean genotypes. The 

mungbean genotype 13TM-04 possessed highest non reducing sugar contents of 14.61% 

which was statistically at par with AZRI-06 with 14.28% followed by NM-11 with 

13.19% non reducing sugar contents. The genotype NM-98 and Sawat-I possessed 

minimum 7.65 and 8.02% non reducing sugar contents which did not show a significant 

variation and followed by Dera-M with 10.95% non reducing contents in the flowers of 

mungbean. While the genotypes NM-06, 12TM-03 and NM-16 showed 13.11, 12.77 and 

12.04% non reducing sugar contents which did not show a significant variation among 

them. It was found from these findings that 13TM-04 had maximum, while NM-98 

showed minimum contents of non reducing sugar in their flowers. 

4.5.2.9  Total Sugar Contents (%) 

 The total sugar contents in the flowers of different chosen mungbean genotypes 

are described in Table 12 Column I. The Dera-M genotype had maximum total sugar 

contents of 22.31% which was substantially different from that found in the flowers of all 

other selected genotypes. The minimum 17.39% total sugar contents were recorded in 

NM-16 which was statistically at par with NM-11 with 18.26% followed by NM-06 and 

12TM-03 with 18.57% and 19.01% total sugar contents, respectively. There was no 

substantial difference between the three mungbean genotypes that were later described. 

The genotypes NM-98, 13TM-04, AZRI-06 and Sawat-I showed at par results with 

20.15, 20.03, 19.73 and 19.56% total sugar contents, respectively in their flowers.  

4.5.2.10  Zinc (ppm) 

 The outcomes regarding zinc (ppm) contents in the flowers of different chosen 

mungbean genotypes are described in Table 12 Column J. The highest zinc contents were 

observed in Sawat-I followed by NM-98 and 12TM-03 with 22.03, 22.00 and 21.32 ppm, 

respectively. These mentioned mungbean genotypes were statistically at par with each 
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other. The lowest amount 17.99 ppm zinc content was found in the flowers of 13TM-04 

and was significantly different from other selected genotypes. The genotypes AZRI-06 

and NM-16 with 18.95 and 19.01 ppm of zinc contents showed no significant differences 

between them. Similarly, Dera-M, NM-11 and NM-06 showed non significant difference 

with each other with 20.06, 19.98 and 19.88 ppm of zinc contents, respectively in their 

flowers. It is clear from results that Sawat-I had maximum, while 13TM-04 showed 

minimum zinc contents in their flowers. 

4.5.2.11  Copper (ppm) 

 The results relating to copper (ppm) in the flowers of various chosen mungbean 

genotypes are shown in Table 12 Column K. The genotypes Sawat-I showed maximum 

7.00 % copper contents which were at par to NM-98 with 6.98% copper contents. While 

the minimum copper copper contents were found in the mungbean genotype NM-16 

(4.08%) which was statistically similar with 13TM-04 (4.17%) followed by NM-11 

(4.60%). Whilen on significant variation was observed between the mungbean genotypes 

AZRI-06, NM-06, 12TM-03 and Dera-M with 5.88, 6.04, 6.14 and 6.32% copper 

contents, respectively. 

4.5.2.12  Ferrous (ppm) 

The variation regarding the ferrous contents in the flowers of different chosen 

mungbean genotypes were found to be significant (Table 12 Column L). The genotype 

NM-16 exhibited maximum ferrous contents of 144.00 ppm, which was significantly 

different from all other tested genotypes, followed by AZRI-06, NM-06 and 12TM-03 

with 139.0, 137.0 and 137.0 ppm ferrous contents, respectively. The genotypes Dera-M 

and NM-11 showed minimum 115.0 and 116.0 ppm ferrous contents which was at par 

with each other. The genotype NM-98 possessed 126.0 ferrous contents which showed 

non significant difference with Sawat-I and 13TM-04 with 128.0 and 122.0 ppm ferrous 

contents, respectively. 
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4.5.2.13  Manganese (ppm) 

 The data regarding contents of manganese (ppm) in the flowers of various chosen 

mungbean genotypes are presented in Table 12 Column M.  The maximum manganese 

contents were found in Sawat- and Dera-M with 17.41 and 16.90 ppm respectively with 

no significant variation between them and followed by NM-98, AZRI-06 and NM-16 

with 15.50, 15.10 and 14.70 ppm manganese, respectively. The later mentioned three 

genotypes were statistically at par with each other. The genotype 12TM-03 exhibited 

13.12 ppm manganese contents which did not differ significantly to the genotype NM-11 

with 13.80 ppm manganese contents. A non significant difference was observed between 

13TM-04 and NM-06 with 14.41 and 14.21 ppm manganese contents, respectively. 

4.5.2.14  Boron (ppm) 

 The outcomes relating to the boron contents in the flowers of various chosen 

mungbean genotypes are described in Table 12 Column N. The variationin boron 

contents was found to be significant with maximum 14.86 ppm in 13TM-04 followed by 

AZRI-06 and 12TM-03 with 14.28 and 12.96 ppm boron contents, respectively. The 

genotypes NM-06 and NM-11 showed 11.94 and 11.84 ppm boron contents with no 

significant difference with each other. The minimum boron contents were found in Dera-

M followed by NM-16, NM-98 and Sawat-I with 10.82, 11.00, 11.10 and 11.17 ppm 

boron contents, respectively with no significant variation among them. It was observed 

from these results that Dera- M had minimum while the 13TM-04 possessed maximum 

boron contents, in their flowers. 
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Table No. 12 Mean comparison of the data regarding chemical characters of selected genotypes of mungbean (V. radiata L.) 

Genotypes Nitrogen (%) Protein (%) Phosphorous (%) Potassium (%) Ashes (%) Ether  Extract (%) Reducing Sugar (%) 

A B C D E F G 

AZRI-06 2.91 d 18.17 d 0.38 ab 3.07 cd 7.83 cd 2.40 cd 5.45 d 

NM-16 2.85 d 17.83 d 0.36 b 3.22 bc 7.64 d 2.50 bcd 5.35 de 

13TM-04 2.98 cd 18.63 cd 0.33 c 3.12 c 7.54 d 2.60 abc 5.42 d 

NM-11 3.00 cd 18.75 cd 0.40 a 2.94 cd 7.13 e 2.70 ab 5.07 e 

NM-06 3.11 bc 19.46 bc 0.31 cd 2.85 cd 6.96 ef 2.70 ab 5.46 d 

12TM-03 3.12 bc 19.52 bc 0.33 c 2.72 d 6.66 f 2.80 a 6.24 c 

NM-98 3.45 a 21.56 a 0.31 cd 4.14 a 8.61 ab 2.40 cd 12.50 a 

Sawat-I 3.16 b 19.75 b 0.30 d 4.20 a 8.64 a 2.40 cd 11.54 b 

Dera-M 3.17 b 19.83 b 0.27 e 3.57 b 8.22 bc 2.30 d 11.36 b 

LSD at 5% 0.1571 0.9820 0.0288 0.3703 0.4008 0.2090 0.3222 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 
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Table No. 12 Mean comparison of the data regarding chemical characters of selected genotypes of mungbean (V. radiata L.) 

Genotypes Non Reducing 

Sugar (%) 

Total Sugar 

(%) 

Zinc (ppm) Copper (ppm) Ferrous 

(ppm) 

Manganese 

(ppm) 

Boron (ppm) 

H I J K L M N 

AZRI-06 14.28 ab 19.73 bc 18.95 d 5.88 b 139.0 b 15.10 bc 14.28 b 

NM-16 12.04 de 17.39 e 19.01 cd 4.08 d 144.0 a 14.70 bcd 11.00 e 

13TM-04 14.61 a 20.03 b 17.99 e 4.17 cd 122.0 d 14.41 cde 14.86 a 

NM-11 13.19 bc 18.26 de 19.98 b 4.60 c 116.0 e 13.80 ef 11.84 d 

NM-06 13.11 cd 18.57 d 19.88 bc 6.04 b 137.0 b 14.21 de 11.94 d 

12TM-03 12.77 cd 19.01 cd 21.32 a 6.14 b 137.0 b 13.12 f 12.96 c 

NM-98 7.65 f 20.15 b 22.00 a 6.98 a 126.0 cd 15.50 b 11.10 e 

Sawat-I 8.02 f 19.56 bc 22.03 a 7.00 a 128.9 c 17.41 a 11.17 e 

Dera-M 10.95 e 22.31 a 20.06 b 6.32 b 115.0 e 16.90 a 10.82 e 

LSD at 5% 1.1153 0.9529 0.9035 0.4405 4.8444 0.8329 0.3922 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 

 



94 
 

4.5.3 Physio-Morphological Plant Characters Effect on M. distalis Population in 

Mungbean. 

 The impact of different physio-morphological plant characters viz., moisture, dry 

matter, number of pods, pods length, number of seeds/pods, number of fruiting branches, 

height of plant on thrips population in selected mungbean genotypes from final screening 

trial were evaluated and the data were subjected to correlation coefficient values and 

multiple regression models. The results are described in the following sub-headings. 

4.5.3.1 Correlation of Physio-morphic Plant Characters of Various Selected 

Mungbean Genotypes with M. distalis Population  

 Correlation of Various physio-morphological plant characters with thrips 

population results are described in Table 13. The data clearly indicate that contents of 

moisture had significant (P ≤ 0.05) and positive correlation with the population of thrips 

with r-values 0.759. While the dry matter, total pods number, pods length and per pod 

seed number exhibited significant (P ≤ 0.01) and negative correlation with the population 

of thrips having r-values -0.778, -0.936, -0.906 and -0.928 respectively. The physio-

morphological plant characters number of fruiting branches and height exhibited positive 

and significant (P≤ 0.01) correlation with r-values 0.897 and 0.883, respectively.  

4.5.3.2 Role of Physio-Morphological Plant Characters on M. distalis Population in 

Mungbean. 

 The percent role and contribution of different physio-morphic plant characters 

was investigated individually and in the form of multiple regression equations, on per 

unit change of pest population in mungbean. The outcomes are described in Table No 14. 

It is clear from the outcomes that moisture contributed maximum 57.6% role in thrips 

population fluctuation and appeared to be most important physio-morphic plant character. 

The second most important physio-morphic plant character was found to be dry matter 

which contributed 21.9% followed by total number of pods with 16.5% contribution in 

per unit change of thrips population. The dry matter showed negative and significant 

response. The coefficient of determination values on cumulative basis was calculated to 

be 0.989, when the effect of all factors was computed together. It is clear from these 
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findings that susceptibility/resistance is regulated by a combination of number of factors 

rather than by a single factor.  

Table 13. Correlation between M. distalis population per flower and the 

physiomorphic plant characters of mungbean, (V. radiata L.) 

Physiomorphic Plant 

Characters 

 Per Flower Thrips Population 

Moisture (%) r- value 0.759* 

 P-value 0.018 

Dry matter (%) r- value -0.778** 

 P-value 0.013 

No. of pods (%) r- value -0.936** 

 P-value 0.000 

Pod Length (%) r- value -0.906** 

 P-value 0.001 

No. of seed per pod (%) r- value -0.928** 

 P-value 0.00 

No. of fruiting branches r- value 0.897** 

 P-value 0.001 

Height (%) r- value 0.883** 

 P-value 0.002 

Where 

*= Significant at P≤ 0.05;  

**= Significant at P≤ 0.01;  

ns = non-significant;  

P = Probability Value; 

  r = Correlation Coefficient 
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Table 14.  Multivariate linear regression models, along with (R2) between the 

various physio-morphic plant characters and M. distalis population 

per flower 

REGRESSION EQUATION R² 100 

R² 

Percent 

Role 

F 

value 

P 

Value 

Y*= -28.5 + 3.27 X1* 0.576 57.6 57.6 9.52 0.018 

Y** = 472 – 43.5 X1 – 17.2 X2
* 0.795 79.5 21.9 11.62 0.009 

Y** = 283 – 25.9 X1
* – 10.0 X2

* - 0.197 X3
** 0.960 96.0 16.5 40.25 0.001 

Y** = 99 – 8.6 X1 – 3.51 X2 - 0.160 X3
* - 

0.819 X4 

0.976 97.6 1.6 40.12 0.002 

Y**= 273 – 25.0 X1 – 9.51 X2 - 0.127 X3 + 

0.042 X4  - 0.588 X5 

0.985 98.5 0.9 38.89 0.006 

Y* = 258 – 23.4 X1 – 8.93 X2 - 0.142 X3 - 

0.18 X4 - 0.563 X5 - 0.173 X6 

0.986 98.6 0.1 22.96 0.042 

Y = 222 - 20.3 X1 – 7.80 X2 - 0.126 X3 + 

0.31 X4 - 0563 X5 - 0.087 X6 + 0.085 X7 

0.989 98.9 0.3 12.98 0.211 

  *= Significant at P≤ 0.05;  

**= Significant at P≤ 0.01 

Where 

 Y= Per flower thrips population 

X1= Moisture (%) 

X2= Dry matter (%) 

X3 = No. of Pods  

X4 = Pods Length (cm) 

X5 = No. of seed per pod 

X6 = No. of Fruiting branches  

X7 = Height (cm) 
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The thrips population per flower exhibited highly significant variation among the 

different selected genotypes (Table 11). The highest mean number of thrips density was 

observed on Dera-M whereas; lowest density was noted on 13TM-04 and NM-16. 

Various physio-morphic plant characters played a significant role in expression of 

resistance in different chosen mungbean genotypes. Many earlier researchers have 

reported that the physio-morphological plant characters of the plants, attracts and deters 

the insects one way or another. Among different physio-morphic plant characters 

contents of moisture exhibited positive and noteworthy correlation with the thrips 

population while the dry matter exhibited significant and negative correlation. These 

results are in agreement with Saleem et al. (2013) who found that moisture contents have 

significantly correlation (r = 0.571**) with thrips density in cotton crop. The present 

findings are in agreement with Zia and Chaudhary (1994) who, observed that moisture 

contents showed significant and positive correlation with thrips density in cotton crop. 

The outcomes are in accordance with Shah et al. (2016) who found that minimum 

moisture has demonstrated a resistance contribution in insect pest attack in maize crop. 

The present results are not confirmatory with Ali et al. (1995) who foundthat the moisture 

contentsin cotton crop leaves was not so important for the population of thrips. 

Total number of pods, pods length and number of seeds/podagainst thrips attack 

explained higher tolerance level of the mungbean genotypes which may outcomes in the 

higher yields. According to our findings the total pods number, pods length and seed per 

pod number showed negative and significant correlation. Our results are in accordance 

with those from earlier studies indicating a negative correlation between thrips density 

and yield components (Alabi et al., 2003; Abudulai et al., 2006; Aremu et al., 2014) 

Another physio-morphological plant character height showed positive and 

correlation with thrips density in mungbean crop which may be due to reason that thrips 

find more space with greater heights. The average thrips per plant density is evidently 

more on plants with more heights which is in agreement with  Ali et al. (2016) who found 

that plant heights are positively correlated with thrips in onion crop. According to 

Ibrahim and Adesiyun (2009) the effect of age and height of onion crop effect on thrips 

population. They found that oldest and tallest plants had highest thrips population. 
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Similarly, Jilani et al. (2010) found that wider plant spacing improved plant growth 

parameters like plant height, number of leaves/plant bulb diameter and weight but this 

reduced yield per plot and total yield which may be due to thrips attack. Our results are in 

partial agreement with Khalil et al. (2017) who found that thrips population has positive 

correlation with  plant height in cotton. Thrips density exhibited positive relation with 

plant height and present outcomes are in agreement with Raza et al. (2000) who found 

that with the increase of plant height thrips density increased. While Saleem et al. (2018) 

reported contrary results that plant height showed negative correlation with thrips density 

in cotton crop. This study has indicated clear differences in morphological characters in 

tested mungbeangenotypes, which explained that susceptibility/resistance is attributed to 

combination of various factors rather than a single factor. Thrips injury level can be 

reduced by considering these physio-morphic plant characters. 

4.5.4 Chemical Plant Characters Impact on M. distalis Population Fluctuation  

The impact of different chemical plant characters like, nitrogen, crude protein, 

phosphorous, potassium, ash, ether extract, reducing sugar, non reducing sugar, total 

sugar, zinc, copper, ferrous, manganese and boron were evaluated with thrips population 

in selected ‘mungbean’ genotypes from final screening trial. By processing the data into 

correlation coefficient values (R2) and linear multiple regression analysis, the role of each 

chemical plant character was determined. The findings are described in the sub headings 

below. 

4.5.4.1 Chemical Plant Characters of Mungbean Genotypes and M. distalis 

Population Correlation Coefficient (r)  

The correlation of thrips population per flower and chemical plant characters in 

the flowers of mungbean plant results are presented in Table 15. The correlation showed 

that nitrogen, crude protein, reducing sugar, had positive and significant role at P ≤ 0.01 

with the population of thrips whereas zinc, copper showed positive and significant 

correlation at P ≤ 0.05 with correlation coefficient (r) values of 0.774**, 0.789**, 

0.851**, 0.758* and 0.772*, respectively; whereas those of non reducing sugar and boron 

have negative and significant correlation at P ≤ 0.05 with the per flower thrips  
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Table 15.       Correlation between M. distalis density per flower and the biochemical 

plant characters of different selected genotypes of mungbean 

 

Chemical Plant Characters  Per Flower Thrips Density 

Nitrogen (%) r- value 0.774** 

 P-value 0.014 

Protein (%) r- value 0.789** 

 P-value 0.012 

Phosphorous (%) r- value -0.641ns 

 P-value 0.063 

Potassium (%) r- value 0.635 ns 

 P-value 0.066 

Ash (%) r- value 0.505 ns 

 P-value 0.165 

Ether Extract r- value -0.412 ns 

 P-value 0.270 

Reducing Sugar (%) r- value 0.851** 

 P-value 0.004 

Non Reducing Sugar (%) r- value -0.752* 

 P-value 0.019 

Total Sugar (%) r- value 0.559 ns 

 P-value 0.118 

Zinc (ppm) r- value 0.758* 

 P-value 0.018 

Copper (ppm) r- value 0.772* 

 P-value 0.015 

Ferrous (ppm) r- value -0.531 ns 

 P-value 0.141 

Manganese (ppm) r- value 0.626 ns 

 P-value 0.072 

Boron (ppm) r- value -0.673* 

 P-value 0.047 

*= Significant at P≤ 0.05; **= Significant at P≤ 0.01; r = Correlation Coefficient;  

ns = Non-significant; P = Probability Value  
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population on ‘mungbean’ with ‘r’ values 0.752* and 0.673*, respectively. Phosphorous, 

potassium, ash, ether extract, total sugar, ferrous and manganese, however, did not 

exhibit a noteworthy correlation with thrips population on ‘mungbean’. 

4.5.4.2 Impact of Chemical Plant Characters on M. distalis Fluctuation 

 Chemical plant characters which exhibiting significant correlation with per flower 

thrips density on mungbean were evaluated through a multiple linear regression analysis 

and through the coefficient of determination (R2) values. It is clear from the results Table 

16 that nitrogen percentage in the mungbean flowers was the most significant factor 

contributing 59.9% in the per unit thrips populationchange followed by reducing sugar, 

non reducing sugar and protein which exhibited 15.5, 9.9 and 6.2% role for the above 

said effect. All other factors contributed between 0.1 to 1.4% when assessed individually, 

towards the thrips population fluctuation. The findings therefore showed that the nitrogen 

and reducing sugar were the most significant factors in the thrips population fluctuation 

and both of them showed significant and positive impact. The value of 100 R2 was 

determined to be 93.5 when the impacts of all the factors were calculated together. It is 

also observed that nitrogen, protein, reducing sugar and non reducing sugar regression 

models had noteworthy impact on the pest population variation. 
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Table 16. Multivariate linear regression models, along with (R2) between the various bio-chemical plant characters and M. 

distalis population per flower 

REGRESSION EQUATION R² 100 R² Percent 

Role 

F value P Value 

Y**= -4.77+ 3.73 X1** 0.599 59.9 59.9 10.44 0.014 

Y* = - 0.70 - 13.9 X1 + 6.59 X2 0.661 66.1 6.2 5.84 0.039 

Y* = 3.73 - 17.7 X1 + 7.03 X2 + 0.282 X3 0.816 81.6 15.5 7.38 0.028 

Y* = 5.25 - 38.7 X1* + 14.9 X2* + 0.662 X3* +     0.603 X4 0.915 91.5 9.9 10.74 0.021 

Y= 7.92 - 47.1 X1 + 18.3 X2 + 0.689 X3 + 0.588 X4      - 0.343 X5 0.920 92.0 0.5 6.94 0.071 

Y = 8.32 - 47.6 X1 + 18.4 X2 + 0.675 X3 + 0.567 X4 - 0.41 X5 + 0.045 X6 0.921 92.1 0.1 3.88 0.219 

Y = 4.0 - 28.7 X1 + 11.3 X2 + 0.566 X3 + 0.598 X4 - 0.05 X5 + 0.094 X6 - 0.281 X7 0.935 93.5 1.4 2.05 0.492 

*= Significant at P≤ 0.05;  

**= Significant at P≤ 0.01 

Where 

Y= Per flower thrips population 

X1= Nitrgoen (%) 

X2= Protein (%) 

X3 = Reducing Sugar (%) 

X4 = Non Reducing Sugar (%) 

X5 = Zinc (ppm) 

X6 = Copper (ppm) 

X7 = Boron (ppm) 
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Various chemical plant characters viz., Nitrogen, protein, phosphorous, 

potassium, ash, ether extract, reducing sugar, non reducing sugar, total sugar, zinc, 

copper, ferrous, manganese and boron were significantly different among nine selected 

genotypes of mungbean viz., AZRI-06, NM-16, 13TM-04, NM-11, NM-06, 12TM-03, 

NM-98, Sawat-I and Dera-M. These Chemical plant characters have shown a significant 

impact towards susceptibility/resistance of mungbean plants towards thrips. Nitrogen, 

crude protein, reducing sugar, exhibited significant and positivecorrelation at P ≤ 0.01 

with the population of thrips while zinc, copper exhibitedsignificant and positive 

correlation at P ≤ 0.05 whereas those of non reducing sugar and boron have negative and 

significant correlation at P ≤ 0.05 with thrips density per flower on mungbean. 

Phosphorous, potassium, ash, ether extract, total sugar, ferrous and manganese, however, 

did not prove animportantassociation with thrips density on ‘mungbean’. Nitrogen 

contents in the flowers of mungbean was the most significant factor with the contribution 

of 59.9% in the per unit thrips population change followed by reducing sugar, non 

reducing sugar and protein which exhibited 15.5, 9.9 and 6.2% role for the above said 

effect. All other factors contributed between 0.1 to 1.4% when assessed individually, 

towards the thrips population fluctuation.The value of 100 R2 was determined to be 93.5 

when the impact of all the factors was calculated together. Many earlier researchers have 

reported that the biochemical composition of the plants attracts and deters the insects one 

way or another. 

In this study, nitrogen and protein exhibited a positive and significant correlation 

with 59.9 and 6.2% role towards the thrips density in ‘mungbean’. In other words, a 

higher percentage of nitrogen and protein had led to a higher thrips density in 

‘mungbean’ and vice versa which is in agreement with Shvetsova and Alibekova (1984) 

and Riaz et al. (1988) who reported that nitrogen and crude protein contents have positive 

correlation with thrips population and could be proficient criteria for screening the 

resistance cotton varieties against thrips. Ali et al. (1995) also reported similar findings 

that nitrogen and manganese exhibited positive response towards thrips infestation. The 

present results can be partially compared with Khan et al. (2014) who reported that 

nitrogen, potassium and copper were positively correlated with thrips population. Javed 

et al. (1992) reported similar findings and reported that nitrogen contents have a positive 
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correlation with thrips attack in cotton plant. The present study reported highly 

significant correlation of protein and thrips population in flowers of mungbean with r-

value 0.789** which is contradictory with Zia and Chaudhary (1994) who reported that 

protein content showed negative correlation with thrips population in cotton. Minimum 

protein percentage and higher ash percentage have been reported as contributing 

resistance against the insect pest attack in maize cultivars (Shah et al., 2016). 

According to present study phosphorous exhibited negative and non- significant 

correlation against thrips with r-value -0.641 in mungbean which is in partial agreement 

with Khan et al. (2014) who reported negative and substantial association between thrips 

density and phosphorus contents with r-value -0.490*. Similarly, Tahir (2013) reported 

that phosphorus showed negative correlation with respect to thrips population. 

In the present study, nitrogen, protein and reducing sugars showed highly positive  

correlation at P ≤ 0.01 while zinc and copper exhibited positive correlation at P ≤ 0.05  

against thrips in mungbean which is in confirmatory with Saleem et al. (2013) . On the 

other hand zinc resulted positive correlation towards thrips infestation in the flowers of 

mungbean which is in agreement with Ali (1999) who reported that nitrogen, potassium, 

zinc and copper were positively correlated with thrips population. Contradictory 

outcomes were observed by Khan et al. (2014) and Ali et al. (1995) who found that zinc 

showed negative correlation with thrips populations. According to present findings 

reducing sugar showed highly positive correlation with 15.5 percent role in thrips 

population fluctuation in flowers of mungbean while total sugar and manganese exhibited 

positive and non significant association with thrips density with r-values 0.851**,0.559 

and 0.626, respectively which is in partial agreement with Kandakoor et al. (2014) who 

observed that total sugar and reducing sugars exhibited positive relationship with thrips 

population and their percent damage. Since reducing sugars may provide the favorable 

nutritional support for thrips proliferation on host plants, these compounds may 

potentially affect the susceptibility or resistance of mungbean genotypes to thrips attack. 

The current findings are in partial conformity with Njau et al. (2017) who found that in 

onion, the total sugars content have a positive correlation with thrips population. 
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Similarly, in peanut the total sugars exhibted a positive correlation with thrips number 

Chandrayudu et al. (2016) 

The present results are in confirmatory with Ali et al. (1995) who observed that 

reducing sugar had positive and strong associaton with the population of jassid. While 

these results are contradictory with Bhatti et al. (2015) who reported negative and 

significant correlation of reducing sugar and manganese with the jassid population 

fluctuation. Similarly Ali et al. (1995) found negative correlation of reducing sugar and 

jassid population but here the test insect is different. 

According to present results phosphorous, potassium, ash, ether extracts, total 

sugar, ferrous and manganese showed non significant correlation with thrips population 

fluctuation  in flowers of mungbean and were not so important which are in partial 

agreement with  Bhatti et al. (2015) who observed non-significant correlation of 

phosphorus, potassium, copper, zinc and ferrous with the jassid density. The current 

findngs are in partial conformity with Hasan et al. (2000) who found that low level of 

nitrogen, phosphorus, potassium, zinc and copper contribute in the thrips resistance. 

4.6 Entomotoxicity of Various Concentrations of Different Entomopathogenic 

Fungi against Mungbean Thrips (M. distalis) 

Entomotoxicity of different entomopathogenic fungi were tested in the field 

during Kharif 2018. Four different entomopathogenic fungi viz., V. lecanii (zimm) 

(Mealikil-VL), M. anisopliae (Pacer-MA), B. bassiana (Bals) (Racer-BB) and I. 

fumosoroseus at three different concentrations 2.5, 5.0 and 7.5% were tested against 

thrips. Two foliar sprays were applied for the control of thrips. Different strains of 

entomopathogenic fungi effect on the population reduction of mungbean thrips was 

worked out at various concentrations. 

4.6.1 Effect of Different Treatments Spray on M. distalis Population 

4.6.1.1 First Spray of Entomopathogenic Fungi  

The results (Table 17) expressed the mean numbers and percent reduction of 

thrips population at different time intervals beforeand after first spray application of 

different EPFs during the year 2018 on mungbean crop. The results revealed that after 
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three-day application of EPFs, all tested treatments were considerably different over 

untreated control. The minimum population of thrips per flower i.e., 2.23 having 

maximum percent reduction over control i.e., 47.08% was in B. bassiana @ 7.5% which 

differ significantly from the rest of the treatments except M. anisopliae @ 7.5%, which 

showed 2.39 thrips per flower with 43.34 percent reduction over control. While I. 

fumosoroseus @ 2.5%, V. lecanii @ 2.5%, I. fumosoroseus @ 5.0%, V. lecanii @ 5.0% 

and B. bassiana @ 2.5% concentration were at par with each other with 3.59, 3.56, 3.47, 

3.38 and 3.24 thrips per flower, respectively and showed 15.16, 15.76, 17.96, 20.17 and 

23.45 percent reduction over control. While B. bassiana @ 5.0%, M. anisopliae @ 

2.5%, V. lecanii @ 7.5% and I. fumosoroseus @ 7.5% showed 2.86, 3.03, 3.09, and 3.09 

thrips per flower population with 32.61, 28.20, 27.05 and 27.05 percent reduction, 

respectively over control. 

 All treatments were significantly superior over control at seven days after 

application of the treatments. The minimum number of thrips per flower was observed in 

B. Bassiana @ 7.5% concentration with 1.47 thrips per flower and 66.53 percent 

reduction over control which was at par to B. bassiana @ 5.0% and M. anisopliae @ 

7.5%, concentration with 1.73 and 1.80 thrips per flower with 60.58 and 59.01 percent 

reduction over control. The next effective treatments were V. lecanii @ 7.5%,M. 

anisopliae @ 5.0% and B. bassiana @ 2.5% with 1.93, 2.11 and 2.15 thrips per flower, 

respectively with 55.97, 52.07 and 51.03 percent reduction over control. These 

treatments were not significantly different from each other. While I. fumosoroseus @ 

7.5% V. lecanii @ 5%, and M. anisopliae @ 2.5%, showed 2.29, 2.38 and 2.60 thrips 

per flower, respectively and showed intermediate response and did not differ 

significantly from each other with 47.79, 45.95 and 40.92 percent reduction over 

control. However, I. fumosoroseus @ 2.5% concentration showed maximum 3.27 thrips 

per flower population with minimum 25.38 percent reduction over control followed by I. 

fumosoroseus @ 5% and V. lecanii @ 2.5% with 2.73 and 2.64 thrips per flower 

population with 37.89 and 39.88 percent reduction over control, respectively. 

The results also depicted that after fourteen days of application of treatments, all 

treatments lose their effectiveness, however between the different tested EPFs there 
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existed a considerable difference. The minimum numbers of thrips were observed in B. 

bassiana @ 7.5% which was statistically similar to B. bassiana @ 5% concentration 

with 1.75 and 2.00 per flower thrips population with 62.54 and 57.33 percent reduction 

over control which differ significantly from the rest of the treatments.  B. bassiana @ 

7.5% was closely followed by M. anisopliae @ 7.5% with 2.15 thrips per flower and 

also notablybetter over rest of the treatments with 53.77 percent reduction over control. 

The next effective treatments which were closely followed with each other were B. 

bassiana @ 2.5%, M. anisopliae @ 5.0% and V. lecanii @ 7.5% with 2.49, 2.51 and 

2.51 thrips per flower population, respectively with 46.81, 46.13 and 46.17 percent 

reduction over control. 

However,treatment I. fumosoroseus @ 2.5% concentration showed maximum 

population of thrips with 3.82 thrips per flower with minimum 18.41% reduction over 

control which also differ significantly from the control with 4.68 thrips perflower. While 

I. fumosoroseus @ 5.0%, V. lecanii @ 2.5% and M. anisopliae @ 2.5% were statistically 

at par with each other with 3.57, 3.33 and 3.07 thrips per flower population with 28.40, 

28.51 and 34.22 percent reduction over control respectively.  

The order of effectiveness of treatments on the basis of mean number of thrips per 

flower during the first spray was found to be B. bassiana 7.5% > M. anisopliae 7.5% > B. 

bassiana 5.0% > M. anisopliae 5.0% > V. lecanii 7.5% > B. bassiana 2.5% > I. 

fumosoroseus 7.5% > M. anisopliae 2.5% > V. lecanii 5.0% > I. fumosoroseus 5.0% > V. 

lecanii 2.5% > I. fumosoroseus 2.5%. 

4.6.1.2 Second Spray of Entomopathogenic Fungi 

The results (Table 18) expressed the mean numbers and percent reduction of 

thrips population at different time intervals beforeand after second spray application of 

different EPFs during the year 2018 on mungbean crop. The results revealed that after 

three days application of EPFs, all tested treatments were significantly different over 

untreated control.The minimum thrips population per flower i.e., 2.38 having maximum 

percent reduction over control i.e., 49.22% in B. bassiana @ 7.5% which differ 

significantly from the rest of the treatments except M. anisopliae @ 7.5% and 
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Table No. 17 Mean comparison of the data regarding total thrips population and percent reduction of M. distalis per flower 

population against various concentration of different entomopathogenic fungie on mungbean after first spray 

during the year 2018. 

Treatments/ Concentrations 

Mean No. of Thrips per flower and Percent Reduction over control after first spray of 

EPF 

PTP  

3 DAS 7 DAS 14 DAS 

P
o
p

u
la

ti
o
n

 

%
R

ed
u

ct
io

n
 

P
o
p

u
la

ti
o
n

 

%
R

ed
u

ct
io

n
 

P
o
p

u
la

ti
o
n

 

%
R

ed
u

ct
io

n
 

V. lecanii (zimm) (Mealikil-VL) 2.5% 4.32 a 3.56 b 15.76 2.64 cd 39.89 3.33 c 28.51 

V. lecanii (zimm) (Mealikil-VL) 5.0% 4.29 a 3.38 bcd 20.17 2.38 def 45.95 2.89 de 38.04 

V. lecanii (zimm) (Mealikil-VL) 7.5% 4.23 a 3.09 cde 27.05 1.93 ghi 55.97 2.51 ef 46.17 

M. anisopliae (Pacer-MA) 2.5% 4.31 a 3.03 de 28.20 2.60 cde 40.92 3.07 cd 34.22 

M. anisopliae (Pacer-MA) 5.0% 4.30 a 2.63 fg 37.91 2.11 fgh 52.07 2.51 ef 46.13 

M. anisopliae (Pacer-MA) 7.5% 4.20 a 2.39 gh 43.34 1.80 hij 59.01 2.15 fg 53.77 

B. bassiana (Bals) (Racer-BB) 2.5% 4.26 a 3.24 bcde 23.45 2.15 fg 51.03 2.49 f 46.81 

B. bassiana (Bals) (Racer-BB) 5.0% 4.25 a 2.86 ef 32.61 1.73 ij 60.58 2.00 gh 57.34 

B. bassiana (Bals) (Racer-BB)7.5% 4.28 a 2.23 h 47.08 1.47 j 66.53 1.75 h 62.54 

I. fumosoroseus 2.5% 4.31 a 3.59 b 15.16 3.27 b 25.38 3.82 b 18.41 

I. fumosoroseus 5.0% 4.30 a 3.47 bc 17.96 2.73 c 37.89 3.36 c 28.40 

I. fumosoroseus 7.5%  4.31 a 3.09 cde 27.05 2.29 ef 47.79 2.89 de 38.25 

Control 4.28 a 4.23 a 0.00 4.40 a 0.00 4.68 a 0.00 

LSD (0.05) 0.63 0.4 
 

0.34 
 

0.38 
 

CV (%) 8.78 7.49 
 

8.34 
 

7.86 
 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 by LSD Test 
PTP = Pre Treatment Population; DAS = Days After Spray 
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Table No.18 Mean comparison of the data regarding total thrips population and percent reduction of M. distalis per flower 

population against various concentration of different entomopathogenic fungie on mungbean after second spray 

during the year 2018. 

Treatments/ 

Concentrations 

Mean No. of Thrips per flower and Percent Reduction over control after second spray of EPF 

PTP 

 

3 DAS 7 DAS 14 DAS 
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V. lecanii (zimm) (Mealikil-VL) 2.5% 4.91 a 3.77 b 19.97 2.31 cd 40.70 2.89 c 29.03 

V. lecanii (zimm) (Mealikil-VL) 5.0% 4.98 a 3.63 bc 22.68 2.07 def 47.07 2.49 de 39.02 
V. lecanii (zimm) (Mealikil-VL) 7.5% 4.94 a 3.30 cd 29.80 1.69 ghi 56.72 2.18 ef 46.43 

M. anisopliae (Pacer-MA) 2.5% 4.87 a 3.20 cde 31.97 2.27 cde 41.91 2.67 cd 34.62 

M. anisopliae (Pacer-MA) 5.0% 4.94 a 2.74 efg 41.90 1.84 fgh 52.64 2.18 ef 46.63 
M. anisopliae (Pacer-MA) 7.5% 4.97 a 2.60 fg 44.94 1.58 hi 59.45 1.82 gh 55.32 
B. bassiana (Bals) (Racer-BB) 2.5% 4.80 a 3.45 bc 26.81 1.87 fg 52.17 2.13 fg 47.73 
B. bassiana (Bals) (Racer-BB) 5.0% 4.98 a 2.98 def 36.30 1.49 ij 61.85 1.71 h 58.00 
B. bassiana (Bals) (Racer-BB) 7.5% 4.96 a 2.38 g 49.22 1.25 j 68.03 1.51 h 63.10 

I. fumosoroseus 2.5% 4.80 a 3.91 b 16.76 2.87 b 26.55 3.31 b 18.74 

I. fumosoroseus 5.0% 4.94 a 3.81 b 19.21 2.40 c 38.52 2.89 c 28.90 
I. fumosoroseus 7.5%  4.94 a 3.30 cd 29.46 2.00 ef 48.78 2.49 de 38.94 
Control 4.80 a 4.69 a 0.00 3.90 a 0.00 4.08 a 0.00 
LSD (0.05) 0.69 0.46 

 
0.29 

 
0.32 

 
CV (%) 8.29 8.19 

 
8.1 

 
7.65 

 
Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 by LSD Test 

PTP = Pre-Treatment Population; DAS = Days After Spray
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M. anisopliae@ 5.0% which showed 2.60 and 2.74 thrips per flower with 44.94 and 

41.91 percent reduction over control, respectively.While I. fumosoroseus @ 2.5%, I. 

fumosoroseus @ 5.0%, V. lecanii @ 2.5%, , V. lecanii @ 5.0% and B. bassiana @ 2.5% 

concentration were at par with each other with 3.91, 3.81, 3.77, 3.63 and 3.45 thrips per 

flower, respectively and showed 16.76, 19.21, 19.98, 22.68 and 26.81 percent reduction 

over control. While V. lecanii @ 7.5%, I. fumosoroseus @ 7.5%, M. anisopliae @ 2.5%, 

and B. bassiana @ 5.0% showed intermediate results having 3.30, 3.30, 3.20 and 2.98 

thrips per flower population with 26.81, 29.80, 29.46 and 31.97 percent reduction over 

control, respectively. 

 All treatments were significantly superior over control at seven days after 

application of the treatments. The minimum number of thrips per flower was observed in 

B. bassiana @ 7.5% concentration with 1.25 thrips per flower and 68.03% reduction 

over control which was at par to B. bassiana @ 5.0% having 1.49 thrips per flower with 

61.85 % reduction over control. The next effective treatments were M. anisopliae @ 

7.5%, V. lecanii @ 7.5% and M. anisopliae @ 5.0% having 1.58, 1.69 and 1.84 thrips 

per flower, respectively with 59.46, 56.72 and 52.64 percent reduction over control. 

These treatments were not significantly different from each other. While B. bassiana @ 

2.5%, I. fumosoroseus @ 7.5% and V. lecanii @ 5%, showed 1.87, 2.00 and 2.07 thrips 

per flower and showed intermediate response and were statistically at par with each 

other with 52.18, 48.78 and 47.07 percent reduction over control, respectively. While I. 

fumosoroseus @ 2.5% concentration showed maximum 2.87 thrips per flower 

population with minimum 26.55 percent reduction and followed by I. fumosoroseus @ 

5.0%, V. lecanii @ 2.5% and M. anisopliae @ 2.5% having 2.40, 2.31 and 2.27 thrips 

per flower with 38.52, 40.70 and 41.91 percent reduction over control respectively. 

The results (Table 18) also depicted that after fourteen days of application of 

treatments, all treatments lose their effectiveness, however between the different tested 

EPFs there existed a considerable difference. The minimum 1.51 number of 

thrips/flowers were observed in B. bassiana @ 7.5% which was statistically similar to B. 

bassiana @ 5% and M. anisopliae @ 7.5% concentration having 1.71 and 1.82 per 

flower thrips population with 63.10, 58.0 and 55.32 percent reduction over control, 



110 
 

respectively which differs significantly from the rest of the treatments.While treatment I. 

fumosoroseus @ 2.5% concentration showed maximum population of thrips having 3.31 

thrips per flower with minimum 18.75% reduction over control which also differ 

significantly from the control with 4.08 thrips perflower. The next effective treatments 

were V. lecanii @ 2.5%I. fumosoroseus @ 5.0% and M. anisopliae @ 2.5% having 2.89, 

2.89 and 2.67 thrips per flower population respectively with 29.03, 28.90 and 34.62 

percentreduction over control and were statistically at par with each other. While V. 

lecanii @ 5.0%, I. fumosoroseus @ 7.5%, V. lecanii @ 7.5%, and M. anisopliae @ 5.0% 

showed intermediate response having 2.49, 2.49, 2.18 and 2.18 thrips per flower 

population with 39.02, 38.94, 46.43 and 46.63 percent reduction over control, 

respectively.  

On the basis of mean number of thrips per flower during the second spray,the 

order of effectiveness of treatments was found to be B. bassiana 7.5% > M. anisopliae 

7.5% > B. bassiana 5.0% > M. anisopliae 5.0% > V. lecanii 7.5% > B. bassiana 2.5% > I. 

fumosoroseus 7.5% > M. anisopliae 2.5% >V. lecanii 5.0% > V. lecanii 2.5% > I. 

fumosoroseus 5.0%  > I. fumosoroseus 2.5%. 

4.6.1.3 Pooled of First and Second Spray of Entomopathogenic Fungi 

The results (Table. 19) expressed the pooled mean numbers and percent reduction 

of thrips population at different time intervals beforeand after first and second spray 

application of different EPFs during the year 2018 on mungbean crop. The results 

revealed that after three days application of EPFs, all tested treatments were 

considerably different over untreated control.The minimum thrips population per flower 

i.e., 2.30 having maximum percent reduction over control i.e., 48.15% in B. bassiana @ 

7.5% which differ significantly from the rest of the treatments except M. anisopliae @ 

7.5% which showed 2.49 thrips per flower and 44.14 percent reduction over control. 

While I. fumosoroseus @ 2.5%, V. lecanii@ 2.5%, I. fumosoroseus @ 5.0% and V. 

lecanii @ 5.0% concentration were at par with each other having 3.75, 3.66, 3.63, and 

3.51 thrips per flower, respectively and showed 15.96, 17.86, 18.59 and 21.43 percent 

reduction over control. While B. bassiana @ 2.5%, V. lecanii @ 7.5%, I. fumosoroseus 
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@ 7.5%, and M. anisopliae @ 2.5%, showed 3.34, 3.20, 3.20 and 3.12 thrips per flower 

population with 25.13, 28.42, 28.26 and 30.08 percent reduction over control 

respectively. While B. bassiana @ 5.0% and M. anisopliae @ 5.0% showed statistically 

similar results with 2.92 and 2.68 thrips per flower population with 34.46 and 39.91 

percent reduction over control, respectively. 

 All treatments were significantly superior over control at seven days after 

application. The minimum number of thrips per flower was observed in B. bassiana @ 

7.5% concentration having 1.35 thrips per flower with 67.28% reduction over control 

which was significantly different from rest of the treatments. B. bassiana @ 5.0% with 

1.61 thrips per flower population was statistically at par with M. anisopliae @ 7.5% and 

V. lecanii @ 7.5% showed 1.69, 1.81 thrips per flower, respectively with 61.21, 59.23 

and 56.35 percent reduction over control. While M. anisopliae @ 5.0%, B. bassiana @ 

2.5%, I. fumosoroseus @ 7.5% showed 1.98, 2.01 and 2.14 thrips per flower and showed 

intermediate response and did not differ significantly from each other with 52.36, 51.60 

and 48.29 percent reduction over control respectively. Maximum 3.07 thrips per flower 

population with minimum 25.97 percent reduction over control was observed in I. 

fumosoroseus @ 2.5% followed by I. fumosoroseus @ 5.0%, V. lecanii @ 2.5% and M. 

anisopliae @ 2.5% with 2.57, 2.48 and 2.43 thrips per flower with 38.20, 40.29 and 

41.42 percent reduction over control, respectively. 

The results also depicted that after fourteen days of application of treatments, all 

treatments lose their effectiveness, however between the different tested EPFs there 

existed a considerable difference. The minimum 1.63 number of thrips were observed in 

B. bassiana @ 7.5% which was statistically similar to B. bassiana @ 5% concentration 

with 1.86 per flower thrips population with 62.82 and 57.67 percent reduction over 

control followed by M. anisopliae @ 7.5% having 1.99 thrips per flower population with 

54.55 percent reduction over control. While treatment I. fumosoroseus @ 2.5% 

concentration showed maximum population of thrips having 3.56 thrips per flower with 

minimum 18.58 percent reduction over control which also differ significantly from the 

control with 4.38 thrips perflower population. The next effective treatments were I. 

fumosoroseus @ 5.0% and V. lecanii @ 2.5% having 3.12 and 3.11 thrips per flower 
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population with 28.65 and 28.77 percentreduction over control and were statistically at 

par with each other. While M. anisopliae @ 2.5%, I. fumosoroseus @ 7.5% and V. 

lecanii @ 5.0%, showed intermediate response with 2.87, 2.69 and 2.69 thrips per 

flower population with 34.42, 38.60 and 38.53 percent reduction over control, 

respectively. Treatments V. lecanii @ 7.5%, M. anisopliae @ 5.0% and B. bassiana @ 

2.5% showed statistically similar results having 2.34, 2.34 and 2.31 thrips per flower 

population with 46.30, 46.38 and 47.27 percent reduction over control, respectively. 

On the basis of mean number of thrips per flower during the first and second 

spray, the order of effectiveness of treatments was found to be B. bassiana 7.5% > M. 

anisopliae 7.5% > B. bassiana 5.0% > M. anisopliae 5.0% > V. lecanii 7.5% > B. 

bassiana 2.5% > I. fumosoroseus 7.5% > M. anisopliae 2.5% > V. lecanii 5.0% > I. 

fumosoroseus 5.0% > V. lecanii 2.5% > I. fumosoroseus 2.5% 
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Table No.19 Mean comparison of the pooled data regarding total thrips population and percent reduction of M. distalis per 

flower population against various concentration of different entomopathogenic fungie on mungbean during the 

year 2018. 

Treatments/Concentrations 

Pooled Mean Number of Thrips per flower 

PTP 

3 DAS 7 DAS 14 DAS Mean 
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V. lecanii (zimm) (Mealikil-VL) 2.5% 4.61 a 3.66 bc 17.86 2.48 c 40.29 3.11 cd 28.77 3.29 c 24.61 

V. lecanii (zimm) (Mealikil-VL) 5.0% 4.64 a 3.51 bcd 21.43 2.22 de 46.51 2.69 e 38.53 3.06 d 30.15 

V. lecanii (zimm) (Mealikil-VL) 7.5% 4.59 a 3.20 def 28.42 1.81 gh 56.35 2.34 f 46.3 2.73 g 37.75 

M. anisopliae (Pacer-MA) 2.5% 4.59 a 3.12 ef 30.08 2.43 cd 41.42 2.87 de 34.42 3.02 de 30.75 

M. anisopliae (Pacer-MA) 5.0% 4.62 a 2.68 gh 39.91 1.98 fg 52.36 2.34 f 46.38 2.62 g 40.1 

M. anisopliae (Pacer-MA) 7.5% 4.59 a 2.49 hi 44.14 1.69 h 59.23 1.99 g 54.55 2.39 h 45.29 

B. bassiana (Bals) (Racer-BB) 2.5% 4.53 a 3.34 cde 25.13 2.01 efg 51.6 2.31 f 47.27 2.85 f 34.98 

B. bassiana (Bals) (Racer-BB) 5.0% 4.62 a 2.92 fg 34.46 1.61 h 61.21 1.86 gh 57.67 2.49 h 43.31 

B. bassiana (Bals) (Racer-BB) 7.5% 4.62 a 2.30 i 48.15 1.35 i 67.28 1.63 h 62.82 2.16 i 50.62 

I. fumosoroseus 2.5% 4.56 a 3.75 b 15.96 3.07 b 25.97 3.56 b 18.58 3.57 b 18.11 

I. fumosoroseus 5.0% 4.62 a 3.64 bc 18.59 2.57 c 38.2 3.12 c 28.65 3.29 c 24.79 

I. fumosoroseus 7.5% 4.63 a 3.20 def 28.26 2.14 ef 48.29 2.69 e 38.6 2.92 ef 33.27 

Control 4.54 a 4.46 a 0 4.15 a 0 4.38 a 0 4.35 a 0 

LSD (0.05) 0.43 0.34 
 

0.24 
 

0.26 
 

0.11 
 

CV (%) 5.6 6.21 
 

6.18 
 

5.66 
 

2.2 
 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 by LSD Test 
PTP = Pre Treatment Population; DAS = Days After Spray
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4.6.2    Interaction Effect of Different Entomopathogenic Fungi against Different 

Tested Concentrations at Different Time Intervals 

4.6.2.1 Treatments Effect on M. distalis Population on Cumulative Basis 

The results (Table 20) showed comparison of mean population of thrips against 

three concentrations after three exposure times on cumulative basis which showed a 

highly significant difference, among the tested treatments. Different treatments 

interaction effect showed that at 2.5% concentration B. bassiana showed the minimum 

mean number of thrips population 2.56 thrips per flower population which was 

considerably different from rest of the tested treatments followed by M. anisopliae which 

showed 2.81 thrips per flower population at 2.5% concentration. Maximum 4.33 thrips 

per flower population was recorded in control followed by I. fumosoroseus with 3.46 

thrips per flower population. At 5% concentration, similar trend was observed but B. 

bassiana and M. anisopliae showed statistically at par results with 2.13 and 2.33 thrips 

per flower population. At 7.5% concentration again B. bassiana showed minimum 1.76 

thrips per flower population which was statistically different from rest of the treatments 

followed by M. anisopliae with 2.06 thrips per flower population. The results also 

expressed the mean number of thrips population at different time intervals which clearly 

indicate that each tested concentration exhibited minimum thrips population after 7 days 

application but after 14 days interval again population of thrips increases. 

4.6.2.2 Treatments Effect on Percent Reduction of M. distalis over Control 

The results (Table 21) also showed the mean percent reduction of thrips 

population over control against different concentrations at different time intervals which 

showed a highly significant difference, among the tested treatments. At 2.5% 

concentration maximum 41.33 percent reduction over control was observed in B. 

bassiana which was significantly different from rest of the treatment followed by M. 

anisopliae, V. lecanii and I. fumosoroseus having 35.31, 28.98 and 20.17 percent 

reduction over control, respectively. At 5% concentration similar trend was observed 

with maximum 51.11% reduction over control in B. bassiana and followed by M. 

anisopliae, V. lecanii and I. fumosoroseus which showed 46.21, 35.49 and 28.48 percent 

reduction over control, respectively. At 7.5% concentration maximum 59.42 percent 
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Table No. 20 Comparison of mean population of M. distalis against three concentrations after three exposure times on cumulative basis 

Treatments 
2.5% Concentration 

Mean 

5.0% Concentrations 

Mean 

7.5% Concentration 

Mean 3 DAS 7 DAS 14 DAS 3 DAS 7 DAS 14 DAS 3 DAS 7 DAS 14 DAS 

V. lecanii 3.66 bc 
2.48 f 3.11 de 

3.09 c 3.51 b 2.22 fg 2.69 de 2.81 c 3.20 b 1.81 gh 2.34 de 2.45 c 

M. anisopliae 3.12 de 2.43 f 
2.87 e 

2.81 d 2.68 de 1.98 gh 2.34 ef 2.33 d 2.49 cd 1.69 gh 1.99 fg 2.06 d 

B. bassiana 3.34 cd 2.01 g 2.31 fg 2.56 e 2.92 cd 1.61 i 1.86 hi 2.13 d 2.30 def 1.35 i 1.63 hi 1.76 e 

I. fumosoroseus 3.75 b 3.07 de 3.56 bc 3.46 b 3.64 b 2.57 def 3.12 c 3.11 b 3.20 b 2.14 ef 2.69 c 2.68 b 

Control 4.46 a 4.15 a 4.38 a 4.33 a 4.46 a 4.15 a 
4.38 a 4.33 a 

4.46 a 4.15 a 4.38 a 4.33 a 

LSD Value at 5% 0.35 0.20 0.36 0.21 0.31 0.18 

Mean 3.67 a 2.83 c 3.25 b 
 

3.44 a 2.51 c 2.88 b 
 

3.13 a 2.23 c 2.61 b 
 

LSD Value at 5% 0.16 
 

0.16 
 

0.14 
 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 
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Table No. 21 Comparison of mean Percent reduction of M. distalis population over control against three concentrations after three 

exposure times on cumulative basis 

Treatments 

2.5% Concentration 

Mean 

5.0% Concentrations 

Mean 

7.5% Concentration 

Mean 3 DAS 7 DAS 14 DAS 3 DAS 7 DAS 14 DAS 3 DAS 7 DAS 14 DAS 

V. lecanii 17.86 g 40.29 cd 28.77 ef 28.98 c 21.43 g 46.51 cd 38.53 e 35.49 c 28.42 f 56.34 c 46.30 d 43.69 c 

M. anisopliae 30.09 ef 41.42 bc 34.42 de 35.31 b 39.91 de 52.36 bc 46.38 cd 46.21 b 44.14 de 59.23 bc 54.55 c 52.64 b 

B. bassiana 25.13 f 51.60 a 47.27 ab 41.33 a 34.46 ef 61.22 a 57.67 ab 51.11 a 48.15 d 67.28 a 62.82 ab 59.42 a 

I. fumosoroseus 15.97 g 25.97 f 18.58 g 20.17 d 18.59 g 38.20 e 28.64 f 28.48 d 28.26 f 48.29 d 38.60 e 38.38 d 

Control 0.00 h 0.00 h 0.00 h 0.00 e 0.00 h 0.00 h 0.00 h 0.00 e 0.00 g 0.00 g 0.00g 0.00 e 

LSD Value at 5% 5.99 3.46 6.85 3.95 6.06 3.5 

Mean 17.81 c 31.86 a 25.81 b 
 

22.88 c 39.66 a 34.24 b 
 

29.79 c 46.23 a 40.45 b 
 

LSD Value at 5% 2.68 
 

3.06 
 

2.71 
 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05
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reduction over control was observed in B. bassiana followed by M. anisopliae, V. lecanii 

and I. fumosoroseus with 52.64, 43.69 and 38.38% reduction over control. The results 

also revealed thatthrips population percent reduction over control showed a highly 

significant difference, among the tested time intervals at different concentrations. 

Maximum percent reduction of thrip population over control was observed after 7 days 

application but after 14 days interval percent reduction of thrips population decreases in 

each tested concentration.  

4.6.3 Effect of Different Species/Strains of EPFs at Different Concentrations on 

Number of Flowers per Plant 

Effect of different species/strains of EPF at different concentrations on number 

of flowers per plant was studied under following sub sections. 

4.6.3.1  Total Number of Flowers  

The results (Fig. 7) showed the effect of different EPFs at different concentrations 

on the flowers of mungbean. Maximum number of flowers per plant were observed on B. 

bassiana @ 7.5% concentration (185.40) followed by M. anisopliae @ 7.5% (180.80) 

and B. bassiana @ 5.0% concentration (175.07) which were not statistically different 

from each other. The V. lecanii and I. fumosoroseus at 2.5% concentration resulted in 

136.53, 135.13 total flowers per plant, respectively having no significant difference from 

control i.e., 126.87 flowers per plant. The results (Fig.7) also depicted that flower 

shedding was considerably affected by the application of various concentrations of 

different EPF.  

4.6.3.2  Flower Shedding  

The results (Fig.7) showed that among the different treatments, the lowest flower 

shedding per plant was observed in B. bassiana 7.5% (68.87) followed by B. bassiana 

2.5% (75.93), B. bassiana 5.0% (76.40), M. anisopliae 7.5% (77.07), M. anisopliae 5.0% 

(77.47) and M. anisopliae 2.5% (82.60) which were statistically similar to each other. In 

contrast to this, the highest flower shedding i.e., 108.13 was recorded in untreated control 

which was closely followed by I. fumosoroseus @ 2.5%, V. lecanii @ 2.5%, I. 

fumosoroseus @ 5.0% and I. fumosoroseus @ 7.5% concentration with 105.13, 101.47, 

101.33 and 100.93, respectively. Other treatments also showed significant variation in 

flower shedding.                                        .
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Fig. 7 Effect of different species/strains of entomopathogenic fungi at different concentrations on number of flowers and  

           flowers shedding per plant in mungbean. 
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6.3.3 Percent Increase of Flowers over Control 

The results (Table 22) showed the Effect of different EPF concentrations on 

flowers and percent increase of flowers number over control. The results revealed that 

maximum percent increase of flowers number over control was recorded in B. bassiana 

7.5% followed by M. anisopliae 7.5% and B. bassiana 5.0% which were 46.14%, 42.48% 

and 37.97% respectively and were statistically at par with each other. Minimum percent 

increase of flowers over control was observed in I. fumosoroseus at 2.5% (6.50%) which 

was statistically similar to V. lecanii at 2.5% (7.59%). While the remaining treatments 

including M. anisopliae 5.0%, V. lecanii 7.5%, I. fumosoroseus 7.5%, B. bassiana 2.5%, 

were closely followed with each other having 28.58, 27.32, 22.85 and 22.06, percent 

increase of flowers over control. While M. anisopliae 2.5%, V. lecanii 5.0% and I. 

fumosoroseus 5.0% showed 16.99, 15.79 and 13.13 percent increase of flowers over 

control, respectively and were statistically similar with each other. 

4.6.3.4  Flower Shedding Percentage 

The results (Table 22) also expressed that minimum flower shedding percentage 

was found in B. bassiana 7.5% (37.23%) which was statistically different from all other 

tested treatments and concentrations. The next effective treatments in case of reducing 

percent flower shedding which were closely followed to each other were M. anisopliae 

7.5%, B. bassiana 5.0% and M. anisopliae 5.0% with 42.77, 43.87 and 47.49 percent 

flower shedding, respectively. While B. bassiana 2.5% showed 49.38 percent flower 

shedding. The treatment I. fumosoroseus 2.5% (77.85%) showed poor performance in 

percent flower shedding which was at par to V. lecanii 2.5% having 74.50%. While I. 

fumosoroseus 5.0% and V. lecanii 5.0% recorded 70.61 and 68.62 percent flower 

shedding over control respectively. However, I. fumosoroseus 7.5% showed 64.90% 

flower shedding. Other treatments including V. lecanii 7.5% and M. anisopliae 2.5% 

showed 58.88 and 55.66% flower shedding and were closely followed to each other. 

While B. bassiana 2.5% and M. anisopliae 5.0% showed 49.38 and 47.49% flower 

shedding and did not differ significantly with each other. 
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Table No. 22:  Effect of different entomopathogenic fungi at different concentrations on flowers and pods of mungbean 
 

Treatments 

% Increase of 

flowers over 

control 

Number of 

flower 

shedding 

per plant 

% Flower 

shedding 

% Reduction 

of flower 

shedding 

over control 

% Increase of 

pods number 

over control 

Deformed 

Pods per 

plant 

V. lecanii (zimm) (Mealikil-VL) 2.5% 7.59 (136.53) efg 101.47 abc 74.50 bc 6.16 cde 15.50 (38.13) fg 9.27 b 

V. lecanii (zimm) (Mealikil-VL) 5.0% 15.79 (146.93) cde 100.60 bc 68.62 de 6.96 cd 22.93 (40.67) def 6.40 cd 

V. lecanii (zimm) (Mealikil-VL) 7.5% 27.32 (161.53) b 95.20 c 58.88 f 11.95 c 35.69 (44.87) cd 5.93 cdef 

M. anisopliae (Pacer-MA) 2.5% 16.99 (148.40) cd 82.60 d 55.66 f 23.61 b 29.58 (42.80) cde 5.27 efg 

M. anisopliae (Pacer-MA) 5.0% 28.58 (163.13) b 77.47 d 47.49 gh 28.36 b 37.36 (45.33) c 5.00 fg 

M. anisopliae (Pacer-MA) 7.5% 42.48 (180.80) a 77.07 d 42.63 h 28.73 b 55.23 (51.27) b 4.93 fg 

B. bassiana (Bals) (Racer-BB) 2.5% 22.06 (154.87) bc 76.40 d 49.38 g 29.34 b 30.82 (43.20) cde 5.33 defg 

B. bassiana (Bals) (Racer-BB) 5.0% 37.97 (175.07) a 75.93 de 43.34 h 29.79 ab 50.78 (49.80) b 5.00 fg 

B. bassiana (Bals) (Racer-BB) 7.5% 46.14 (185.40) a 68.87 e 37.14 i 36.31 a 69.33 (56.00) a 4.27 g 

I. fumosoroseus2.5% 6.50 (135.13) fg 105.13 ab 77.85 b 2.78 de 9.05 (36.07) gh 9.87 b 

I. fumosoroseus 5.0% 13.13 (143.47) def 101.33 abc 70.61 cd 6.28 cde 19.75 (39.53) efg 6.67 c 

I. fumosoroseus 7.5% 22.85 (155.87) bc 100.93 abc 64.90 e 6.66 cde 32.46 (43.73) cde 6.13 cde 

Control 126.87 g 108.13 a 85.24 a - (33.07) h 10.53 a 

LSD (0.05) 10.52 7.48 4.98 6.93 4.27 1.1 

Values in parenthesis represent mean number of total flowers and total pods per plant in their respective columns 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 by LSD Test  
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4.6.3.5  Percent Reduction of Flower Shedding over Control 

Percent reduction of flower shedding over control was considerably affected by 

the application of treatments (Table 22). Among all tested treatments, B. bassiana at 

7.5% (36.31%) performed the best in case of percent reduction of flower shedding over 

control which was at par to B. bassiana 5.0% (29.79%). The next effective treatments 

were B. bassiana 2.5%, M. anisopliae 7.5%, M. anisopliae 5.0%, and M. anisopliae 2.5% 

which were statistically similar with 29.34, 28.73, 28.36, and 23.61%, respectively. 

While V. lecanii 7.5% and V. lecanii 5.0% showed 11.95 and 6.96 percent reduction of 

flower shedding over control and was not statistically different with each other.  The 

treatments I. fumosoroseus 2.5%, V. lecanii 2.5%, I. fumosoroseus 5.0%, I. fumosoroseus 

7.5% and V. lecanii 5.0% comparatively performed poorly against thrips resulting lowest 

(2.78, 6.16, 6.28, 6.66 and 6.96%, respectively) percent reduction of flower shedding 

over control. 

4.6.4 Effect of Various Entomopathogenic Fungi at Different Concentrations on 

Pods of Mungbean 

Effect of various entomopathogenic fungi (EPFs) at different concentrations  

on pods ofmungbean were studied under following sub sections. 

4.6.4.1  Total Pods 

The results (Fig. 8) revealed that application of different species of fungus 

significantly affected the numbers of total pods. The B. bassianaat 7.5% concentration 

produced the highest number of pods/plant (56.00) which was notably higher over all 

tested EPF. The next useful treatments were M. anisopliae @ 7.5% and B. bassiana @ 

5.0% concentration with 51.27 and 49.80 total pods per plant, respectively, and were not 

significantly different with each other. However, the lowest numbers of pods/plant were 

observed in control (33.07) which was followed by I. fumosoroseus 2.5% (36.07).  

4.6.4.2  Deformed Pods 

The results (Fig. 8) revealed that application of different species of fungus 

significantly affected the numbers of deformed pods per plant. Results showed that 
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minimum numbers of deformed pod/plant were observed in B. bassiana 7.5%. The next 

effective treatments in case of reducing deformed pods were M. anisopliae 7.5%, B. 

bassiana 5.0%, M. anisopliae 5.0%, M. anisopliae 2.5% and B. bassiana 2.5%, 

concentration with 4.93, 5.00, 5.00, 5.27 and 5.33 deformed pods/plant, respectively and 

were statistically similar to each other. However, highest number of 10.53 deformed 

pods/plant was observed in control plants. While I. fumosoroseus 2.5% and V. lecanii 

2.5% showed 9.87 and 9.27 deformed pods, respectively and were closely followed to 

each other.  

4.6.4.3  Percent Increase of Pods over Control 

The treatment B. bassiana at 7.5% showed the best performance in increasing 

69.33% number of pods/plants over control (Table 22). The next effective treatments 

which remained best were M. anisopliae at 7.5% and B. bassiana at 5.0% with 55.23 and 

50.78% number of pods over control, respectively and were statistically similar in percent 

increase of pods over control. The other treatments which showed intermediate response 

in case of percent increase of pods over control were M. anisopliae 5.0%, V. lecanii 

7.5%, I. fumosoroseus 7.5%, B. bassiana 2.5% and M. anisopliae 2.5% with 37.36, 

35.68, 32.46, 30.82 and 29.58%, respectively. Minimum percent increase of pods over 

control were observed in I. fumosoroseus 2.5% (9.05) which was closely followed by V. 

lecanii 2.5% (15.50) and I. fumosoroseus 5.0% (19.75). While I. fumosoroseus 5.0% was 

at par to V. lecanii 5.0% with 19.75 and 22.93 percent increase of pods over control.  
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Fig.8  Effect of different species/strains entomopathogenic fungi at different concentrations on pods per plant of 

mungbean, (V. radiata) 
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4.6.5 Effect of Different EPFs on Seed Yield of Mungbean 

The results (Fig. 9) depicted that all the plots treated with different EPF at 

different concentrations gave significantly higher yield over control. However, the 

maximum yield of 1018.9 kg/ha was obtained from B. bassiana 7.5% treated plot 

followed by M. anisopliae  7.5% and B. bassiana 5.0% concentration which resulted in 

941.1 and 841.1 kg ha-1yield, respectively. All these tested treatments were found 

significantly different from each other. The minimum seed yield 551.7kg ha-1was 

obtained in untreated plants. While I. fumosoroseus 2.5%, V. lecanii 2.5% and I. 

fumosoroseus 5.0% resulted in 648.9, 666.1 and 668.3 kg/ha yield, respectively. Except 

control all these treatments were found statistically at par with each other. 

The order of effectiveness of these different EPF at different concentrations on the 

basis of seed yield of mungbean was B. bassiana 7.5% > M. anisopliae 7.5% > B. 

bassiana 5.0% > M. anisopliae 5.0% > B. bassiana 2.5% > M. anisopliae 2.5% > V. 

lecanii 7.5% > I. fumosoroseus 7.5% > V. lecanii 5.0% > I. fumosoroseus 5.0% > V. 

lecanii 2.5% > I. fumosoroseus2.5%. 

The results of these experiments demonstrate the potential of entomopathogenic 

fungi against thrips in mungbean crop.  EPF are reported as potential candidates and have 

a noteworthy role in thrips control in various crops (Murphy et al., 1998; Kubota, 1999; 

Jung, 2004; Hemalatha et al., 2017). In the present studies different entomopathogenic 

fungi are used for the thrips management on mungbean crop. Findings of the current 

studies are in agreement with the outcomes of other research scientists Niassy et al. 

(2012) and Lopes et al. (2000) who observed  that M. anisopliae can be used for the 

management of thrips. The present findings showed that EPF treated plots are superior 

than untreated plots in thrips reduction. Comparable findings were obtained by Ghelani et 

al. (2014) and Singh et al. (2011) they reported that bio-pesticides were helpful in 

reducing the thrips population. 
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Fig. 9 Effect of different Entomopathogenic fungi at different concentrations on seed yield of mungbean (V. radiata) 
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According to present findings the application of B. bassiana @ 7.5% during the 

growth stage was more efficient than 2.5 and 5% application and other tested EPF which 

is in agreement of Yankova and Markova (2017). The present results also revealed that 

on cumulative basis B. bassiana 7.5% killing capacity was 48.15 and 67.28%, after third 

and seventh day application, respectively while after fourteen days of application of 

treatments the effectiveness decreased to 62.82% reduction over control which differs 

significantly from rest of the treatments. Current results are in conformity with 

Vestergaard et al. (1995) who found that the efficacy of B. bassianaat third, fifth and 

seventh day was 46.18, 54.31 and 60.67%, respectively. Our outcomes show that weekly 

application of the fungus can provide better control of mungbean thrips. Similar results 

were obtained by Ekesi and Maniania (2002) and Maniania et al. (2003). The current 

outcomes are similar with Gill et al. (1998)  who observed that weekly application of 

Botanigard, a commercial formulation of B. bassiana, gave complete control of F. 

occidentalis. Our findings showed that B. bassiana is more effective in controlling thrips 

than other tested EPFs including V. lecanii, which is in accordance with Singh et al. 

(2011) and Metcalf and Flint (1962) who reported that among the EPF B. bassiana 

performed better in reducing the thrips population. 

According to our findings maximum yield 1018.9 kg/ha was obtained from B. 

bassiana @ 7.5% followed by M. anisopliae 7.5% and B. bassiana 5.0% treated plots 

which resulted in 941.1 and 841.1 kg ha-1 seed yield, respectively. Present outcomes are 

in full agreement with Bayu and Prayogo (2018) who found that application of B. 

bassianacan suppress the insect pest population in mungbean and lead to high seed 

weight (659.7g/plot). These findings are in partial conformity with Maniania et al. 

(2003). Although B. bassiana 7.5% significantly controlled the thrips population in 

mungbean but in addition this EPF significantly increased 46.14% flowers and 69.33% 

pods over control. Moreover, B. bassiana 7.5% also controlled the flower shedding and 

deformed pods which ultimately increased the yield. 
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4.7 Effectiveness of Different Colored Sticky Traps for Monitoring of Thrips 

(Thysanoptera: Thripidae) In Mungbean Crop 

Five coloured sticky traps viz., yellow, blue, white, green and orange were tested 

during Kharif, 2018 for the determination of color preference of mungbean thrips at 

AZRI, Bhakkar using RCBD replicated thrice.The mungbean variety NM-2016 was sown 

in the experimental area. No pesticide was applied during the study period. 

The response of mungbean thrips on different colored sticky traps and their color 

preference are presented in the Table 23 which indicated that after one week of 

installation of different colored sticky traps, significantly maximum 4.33 thrips/sq. inch 

area was observed on blue sticky trap followed by yellow, orange, green and white sticky 

traps with 2.37, 1.43, 1.37 and 0.90 thrips/sq. inch area, respectively. Likewise, after 2 

weeks, the blue trap had maximum 4.83/sq. inch area catches of mungbean thrips 

followed by yellow sticky traps with 3.27 thrips per sq. inch area. Minimum thrips catch 

1.17 and 1.23per sq. inch area of sticky traps was observed on green and white colored 

sticky traps and were statistically similar with each other. Similar trend was observed on 

3rd week of installation of sticky traps. After 4th week of installation of sticky traps 

maximum 5.77 thrips per sq. inch area of sticky traps was observed on blue sticky trap 

which was significantly different from rest of the tested sticky traps followed by yellow 

sticky trap (4.00 thrips per sq. inch area).  Orange, green and white sticky traps catch 

2.17, 1.97 and 1.90 thrips per sq. inch area of sticky traps and were statistically at par 

with each other. After 5th week of installation of different colored sticky traps maximum 

11.30 thrips per sq. inch area of sticky traps was observed on blue sticky traps followed 

by yellow sticky trap with 8.90 thrips per sq. inch area of sticky traps. While orange and 

white colored sticky traps showed at par results with 3.70 and 3.37 thrips per sq. inch 

area of sticky traps. More or less similar population trend was noted after 6th, 7th and 8th 

week of installation of sticky traps  

On the basis of mean number of thrips per sq. inch area of sticky traps 

performance of different colored traps with regard to M. distalis catching was in the order 

of blue > yellow > orange > green > white. 

Thrips are difficult to trace due to their cryptic nature. So, to monitor their population and 

to protect the crop at the early stage of thrips infestation specific color traps can suitably 
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be used to decide initiation of control measure. For implementing successful insect 

control program in mungbean, effective monitoring of thrips is necessary which is 

essential to prevent unnecessary insecticides applications. There are several studies on the 

sticky trap color preference by thrips. Demirel and Yildirim (2008) evaluated that for 

monitring of thrips (T. tabaci Lindeman) in cotton yellow, blue and white sticky colors 

traps were highly attractive.The objective of study was to choose the specific colors for 

trapping the thrips in mungbean. Among five different color sticky traps blue color 

attracted more number of thrips. The present studies are in agreement with  Chen et al. 

(2004) who studied various types of sticky traps for catching western flower thrips and 

observed that blue sticky traps attracted more number of thrips as compared to yellow or 

white sticky traps. Present outcomes are in full conformity with year Natwick et al. 

(2007) who found that blue sticky cards were more efficient than yellow sticky cards 

against thrips species and blue traps can be used for detection of early thrips presence in 

the field. Elekcioğlu (2013) also confirmed that blue sticky traps can be used for the 

estimation and control of thrips density. Similarly Muvea et al. (2014) also confirmed 

that blue traps proved better because blue traps captured 2 to 3 times more thrips than 

yellow traps with least influence on natural enemies. Our results almost coincide with 

Tang et al. (2016), Sridhar and Naik (2015) regarding blue color traps which attracted 

more number of thrips than other tested sticky traps. Similar findings were reported by 

Muvea et al. (2017), Devi and Roy (2017) who found that more number of thrips were 

attracted by bluecolored sticky traps. They suggested that blue colored sticky traps can be 

used as a part of IPM program for thrips monitoring and mass trapping. The results 

subscribe to the findings of Pobozniak et al. (2020) who found that blue and yellow being 

the two most desirable trap base colors for thrips. Similarly Hossain et al. (2020) studied 

the various color preferences viz., blue, yellow, white, green and pink against trap blue 

color attracted maximum  number of S. dorsalis adults followed by white , yellow, green 

and pink. 
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Table No. 23 Mean No. of M. distalis caught on different color sticky traps in mungbean, (V. radiata L.) 

Treatments Mean No. of thrips per square inch area of the trap counts after week Mean 

1 2 3 4 5 6 7 8 

Yellow 2.37 b 3.27 b 2.87 b 4.00 b 8.90 b 8.73 b 5.40 b 2.90 b 4.80 b 

Blue 4.33 a 4.83 a 4.43 a 5.77 a 11.30 a 10.80 a 7.40 a 2.27 a 6.67 a 

Orange 1.43 c 2.17 c 1.77 c 2.17 c 3.70 c 3.50 c 3.20 c 1.80 c 2.47 c 

Green 1.37 cd 1.17 d 0.77 d 1.97 c 2.90 d 2.07 d 2.77 c 0.90 d 1.73 d 

White 0.90 d 1.23 d 0.83 d 1.90 c 3.37 cd 2.27 d 1.30 d 0.87 d 1.57 d 

LSD 0.05 0.48 0.32 0.32 0.63 0.49 0.91 0.69 0.34 0.22 

Means within a column followed by the same letter are not significantly different (P=0.05) according to LSD 
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In general, yellow traps are mainly used for thrips catch. According to our 

findings blue and yellow being the two most desirable traps for thrips monitoring. Chu et 

al. (2006) also observed that yellow sticky traps may be used for monitoring Scirtothrips 

dorsalis populations. Similarly Rőth et al. (2016) concluded that thrips were equally 

attractive to yellow and white traps. Wagan et al. (2017) investigated that yellow sticky 

trap was most effective for monitoring and managing the thrips population. They also 

found that yellow color sticky traps are less expensive and are less hazardous than 

chemical pesticides and can be used as an alternative for the protection of crop. The 

attraction of thrips to yellow color is also reported by many scientists (Pizzol et al., 2010; 

Malik et al., 2012; Gharekhani et al., 2014; Thongjua et al., 2015). Contradictory results 

were obtained by MacIntyre-Allen et al. (2005) Atakan and Bayram (2011) who 

investigated that white sticky traps were most favored colorations for thrips attraction. As 

compared to other colors blue and white color traps preference of thrips were reported by 

Ranamukhaarachchi and Wickramarachchi (2007) and Al-karboli and Al-Anbaki (2014). 

They strongly recommended the use of white or blue sticky traps in the fields for 

monitoring and reducing thrips population. 

For more reliable population density of thrips estimation in mungbean and their 

effective reduction particularly in early crop growth stages is considered to be one of the 

best tactics for successful integrated pest management. Blue colored traps were observed 

to be more efficient in thrips trappingin comparison to yellow, orange, green and white 

trap. Blue sticky traps can be used as an early detection method for thrips in mungbean 

and their capture rates can be used to begin different control measures which are essential 

to prevent economic crop damage. During the crop growing period application of blue 

colored sticky traps may not be only proficient to check the thrips population buildup in 

mungbean. However, they can be combined with some other components of the IPM 

programme where the identification and monitoring of the thrips population is an 

important part of the decision for the initiation of the pesticide application. Overall, blue 

traps were the most successful ones for thrips monitoring in mungbean fields and could 

be used as an early detection technique. 
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4.8. Integration of Various Management Practices for the Control of M. distalis  

on MungbeanV. radiata  

Various control practices, viz., host plant resistance, imidacloprid seed-treatment+ 

use of blue sticky trap, neem seed kernel extract, best entomopathogenic fungi B. 

bassiana and insecticides acephate and chlorfenapyr were applied alone, and in their 

possible combinations, at three different localions of District Bhakkar i.e., Arid Zone 

Research Institute (AZRI) Bhakkar, as well as at the two different farmer fields of Chak 

No. 36/TDA and Kotla Jam, on a comparatively thrips resistant genotype of mungbean, 

13TM-04 for the control of thrips during 2020. 

Results (Table 24) showed mean population reduction of M. distalis at 24 hours 

pre-treatment and 3,7 and 14 days after spray which revealed that at all three locations no 

significant pre-treatment differences was observed in thrips population during first 

application except where imidacloprid seed treatment and blue sticky traps were applied. 

Results showed that 3 days after spray, density of M. distalis was considerably higher in 

control plots in comparison to all other tested treatments which were significantly 

different from each others. The lowest thrips population was observed in the T9 followed 

by T8, and T10 treated plots. The results (Table 24) exhibited that 7 days after spray, thrips 

population trend was close to those observed at 3 days after spray in the treated and 

control plots but the thrips populationwas much lower as compared to 3 days after spray. 

These results also depicted that thrips density in the T9 wasnot only significantly different 

from the untreated (control) treatment but also with the rest of all other tested treatments, 

except T10 treatment. Results showed that 14 days after spray thrips population increased 

in all plots. After the second round of treatments application, thrips population trend 

amongst experimental plots was same as after the first spray application (Table 25). 

Results (Table 26) represent the mean comparison of data, concerning the 

treatments impact on population and percent reduction of thrips at different post-

treatment intervals. While, results (Table 27) showed the collective response of all the 

treatments which represents that peak population of thrips was observed after 45 DAS 

(24 hours before first spray) and 67 DAS (24 hours before second spray) when all the 

tested treatments lost their efficiency, as the thrips density increased steadily up to 4.99 
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thrips per flower. Results (Table 28) showed that the lowest population of thrips was 

observed in T9, followed by T8, T10 and T5, respectively with 1.71, 2.11, 2.19 and 2.25 

thrips per flower population, respectively. The seed-treatment with imidacloprid and blue 

sticky trap installation alone was observed to be the minimum in effectiveness with 3.94 

thrips per flower population followed by T3 and T2 with 3.01 and 2.83 thrips per flower 

population as against 4.73 thrips per flower in controltreatment. All the other treatments 

showed intermediate response in controlling thrips on mungbean ranging from 2.58 to 

2.33 per flower population. It was observed from these findings that T9, when 

imidacloprid seed-treatment + blue sticky traps and spray of chlorfenapyr, were applied 

collectively,was found to be the most efficient and it resulted in lowest thrips per flower 

population at all the experimental localities and was statistically at par with each other. 

Variations have been observed to exist, among other treatments, in different locations. 

The impact of imidacloprid seed treatment + blue stickytraps was lowest at all the 

experimental sites. The imidacloprid seed-treatment + blue sticky trap and application of 

acephate (T8), exhibited a noteworthy impact on the thrips densities after T9. On all 

observation dates, after each application of blue sticky traps, the thrips population 

remained close to ETL which is 4-6 thrips per flower, but had a considerable effect 

against the control. 

 Results (Table 29) exhibited that maximum yield 1970.1 kg/ha of mungbean, was 

recorded in T9, followed by that in T5, T8, T4 and that in T10, with 1941.6, 1840.7, 1800 

and 1627.3 kg/ha respectively and were significantly different from each other. The 

installation of imidacloprid seed treatment+blue sticky traps exhibited 1001.6 kg/ha 

yields and was significantly different from control but did not demonstrate a good effect 

on the mungbean yield. In addition, all of the other tested treatments resulted 

intermediate results in case of mungbean yield.  Comparable tendency was noted between 

the treatments and localities interaction, with a little difference. However, there was some 

what different impact on localities. The maximum mungbean yield was observed at the 

experiments sown in the Location 1 which was significantly different from that of 

experiments harvested in other localities. While the research area of Location 3 exhibited 

minimum yield and it was significant different with other localities. The experimental 

area of Location 2 showed an intermediate yield response. This disparity may be due to 
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variation in the soil nutrients. It was found from this experiment that combination of 

imidacloprid seed treatment + installation of blue sticky trap and spray of chlorfenapyr 

were observed to be most efficient followed by spray of chlorfenapyr and imidacloprid 

seed treatment + installation of blue sticky trap and spray of acephate. 

The present IPM research study was conducted in vitro conditions at district 

Bhakkar during, 2020 on three different locations against mungbean thrips. This study 

revealed that the tested seed treatment+blue sticky trap, bio-insceticides, chemical 

insecticides and their possible combinations were highly effective against mungbean 

thrips. Chemical control is a key component of Integrated Pest Management (IPM) 

program to combat insect pests’ losses (Sarfraz et al., 2005; Soomro et al., 2008; Nadeem 

et al., 2016) so majority of the farmers prefer this control method. Present results 

suggested that chlorfenapyr and acephate 75% in combination of imidacloprid seed 

treatment + blue sticky traps were proved to be more successful which gave significant 

reduction of thrips population as compared to all other tested treatments. No published 

material is available to compare this study from Pakistan. However, many researchers 

worked on chemical insecticides alone to control thrips densities. These findings are in 

agreement with Hossain et al. (2018) findings that for the thrips control, chlorfenapyr 

gave very good efficiency as compared to spraying of azadirachtin which exhibited less 

effectiveness in reducing thrips population. Chlorfenapyr in combibnation of 

imidacloprid seed treatment + blue sticky trap was found to be good in managing thrips 

population. It gave best control against mungbean thrips because it is the combination of 

two treatments imidacloprid as a seed treatment and chlorfenapyr. In addition, blue sticky 

traps capture a greater number of thrips.  Due to this reason, they enhance the activity of 

insecticide and killed more thrips as compared to other treatments. Similarly Din et al. 

(2016) observed that chlorfenapyr 36 SC is better than imidacloprid 200 SL which was in 

line with the present findings. Also  Babar et al. (2016) reported that after 24 and 72 

hours of post treatment, acephate 75SP exhibited highest mortality percentage. 
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Table 24 Thrips (M. distalis) population per flower difference at 24 h pre-treatment and 3, 7, and 14 days after spray 

(DAS) using different treatments at different locations during first spray. 

Treatments Pre treatment 3 DAS 7 DAS 14 DAS 

Loc 1 Loc 2 Loc 3 Loc 1 Loc 2 Loc 3 Loc 1 Loc 2 Loc 3 Loc 1 Loc 2 Loc 3 

T1 3.00 b 3.31 b 3.51 b 3.42 b 3.62 b 3.82 b 3.71 b 4.00 b 4.13 b 4.09 b 4.40 b 4.64 b 

T2 4.00 a 4.20 a 4.47 a 2.15 c 2.29 c 2.56 c 1.49 c 1.61 c 1.84 c 1.98 f 2.14 e 2.35 e 

T3 4.02 a 4.20 a 4.47 a 1.73 d 1.90 d 2.11 d 1.31 cd 1.42 cde 1.62 cd 3.38 c 3.60 c 3.91 c 

T4 4.00 a 4.20 a 4.40 a 0.73 fg 0.82 fg 1.04 fg 1.40 c 1.52 cd 1.69 cd 2.71 de 2.90 d 3.15 d 

T5 4.02 a 4.20 a 4.47 a 0.58 fgh 0.69 fg 0.84 fg 1.04 de 1.15 ef 1.40 de 1.77 fg 1.93 ef 2.02 ef 

T6 3.13 b 3.29 b 3.55 b 1.82 d 1.98 d 2.24 d 1.22 cde 1.40 cde 1.49 cd 1.73 fg 1.89 ef 2.09 ef 

T7 3.09 b 3.33 b 3.51 b 1.40 e 1.51 e 1.75 e 1.00 e 1.15 ef 1.40 de 3.09 cd 3.31 c 3.65 c 

T8 3.04 b 3.24 b 3.56 b 0.44 gh 0.60 gh 0.80 g 1.09 de 1.25 de 1.45 de 2.42 e 2.53 d 2.80 d 

T9 3.09 b 3.31 b 3.51 b 0.29 h 0.33 h 0.49 h 0.69 f 0.87 fg 1.11 ef 1.49 g 1.62 f 1.82 f 

T10 4.02 a 4.22 a 4.47 a 0.89 f 0.98 f 1.15 f 0.53 f 0.64 g 0.82 f 1.49 g 1.69 f 1.89 f 

T11 4.07 a 4.29 a 4.51 a 4.13 a 4.32 a 4.49 a 4.38 a 4.64 a 4.82 a 4.82 a 5.08 a 5.25 a 

LSD0.05 0.41 0.52 0.56 0.33 0.3 0.31 0.3 0.35 0.36 0.4 0.39 0.38 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 by LSD Test 

DAS = Days after spray Loc = Location 

Location 1 = Farmer Field, 36/TDA, Bhakkar 

Location 2 = Arid Zone Research Institute, Bhakkar 

Location 3 = Farmer Field, Kotla Jam 
 

 



135 
 

 

 

Table 25 Thrips  population per flower difference at 24 h pre-treatment and 3, 7, and 14 days after spray (DAS) using  

different treatments at different locations during second spray 

Treatments Pre treatment 3 DAS 7 DAS 14 DAS 

Loc 1 Loc 2 Loc 3 Loc 1 Loc 2 Loc 3 Loc 1 Loc 2 Loc 3 Loc 1 Loc 2 Loc 3 

T1 4.60 cde 4.86 cde 5.20 bc 4.27 b 4.44 b 4.73 b 4.18 b 4.39 b 4.60 b 4.09 b 4.33 b 4.49 b 

T2 5.02 abc 5.31 abc 5.54 abc 2.47 c 2.59 c 2.87 c 1.53 c 1.62 c 1.84 c 1.82 f 1.94 e 2.09 f 

T3 5.13 ab 5.38 ab 5.67 ab 2.02 d 2.14 d 2.33 d 1.35 c 1.45 cd 1.71 cd 3.07 c 3.24 c 3.58 c 

T4 4.76 bcde 5.03 bcd 5.22 bc 0.80 fg 0.87 fg 1.11 ef 1.42 c 1.53 c 1.80 cd 2.53 d 2.71 d 2.93 de 

T5 4.55 de 4.86 

bcde 

5.02 cd 0.58 gh 0.71 gh 1.00 ef 0.98 d 1.09 e 1.49 cde 1.67 f 1.83 e 2.04 fg 

T6 4.49 ef 4.78 de 4.96 cd 2.07 d 2.24 d 2.49 cd 1.25 cd 1.33 

cde 

1.49 cde 1.58 fg 1.69 

ef 

1.89 fg 

T7 4.55 de 4.86 cde 5.02 cd 1.58 e 1.73 e 2.07 d 1.00 d 1.13 e 1.44 de 2.89 c 3.04 c 3.29 cd 

T8 4.49 ef 4.73 de 4.96 cd 0.40 hi 0.47 hi 0.80 ef 1.04 d 1.18 de 1.49 cde 2.25 e 2.42 d 2.58 e 

T9 4.11 f 4.36 e 4.56 d 0.20 i 0.27 i 0.69 f 0.62 e 0.70 f 1.13 ef 1.26 h 1.40 f 1.69 fg 

T10 4.93 abcd 5.24 

abcd 

5.49 abc 0.93 f 1.07 f 1.20 e 0.47 e 0.58 f 0.87 f 1.31 gh 1.49 f 1.64 g 

T11 5.36 a 5.57 a 5.91 a 4.95 a 5.11 a 5.29 a 4.76 a 4.94 a 5.15 a 4.67 a 4.85 a 4.98 a 

LSD0.05 0.44 0.52 0.62 0.3 0.31 0.44 0.3 0.3 0.38 0.28 0.33 0.4 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 by LSD Test 

DAS = Days after spray Loc = Location 

Location 1 = Farmer Field, 36/TDA, Bhakkar 

Location 2 = Arid Zone Research Institute, Bhakkar 

Location 3 = Farmer Field, Kotla Jam 
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Table 26 . Thrips (M. distalis L.) per flower density along with the percent reduction on mungbean, V. radiata L. as affected 

by different treatments, at various intervals after sowing. 

Treatments 38 DAS 45 DAS 49 DAS 53 DAS 

Population 
% 

reduction 
Population 

% 

reduction 
Population 

% 

reduction 
Population 

% 

reduction 

T1=Imidaseed  treatment+ 

Sticky Trap 
2.21 c 0.40 3.27 b 0.24 3.62 b 0.16 3.95 b 0.14 

T2=B. bassiana 7.5% 3.58 ab 0.04 4.22 a 0.02 2.33 c 0.46 1.65 c 0.64 

T3= NSE 5% 3.55 ab 0.05 4.23 a 0.01 1.92 d 0.56 1.45 cde 0.69 

T4=Acephate 3.48 b 0.07 4.20 a 0.02 0.87 fg 0.80 1.53 cd 0.67 

T5=Chlofenapyr 3.61 ab 0.03 4.23 a 0.01 0.70 gh 0.84 1.20 f 0.74 

T6=T1+T2 2.27 c 0.39 3.33 b 0.22 2.01 d 0.53 1.37 def 0.70 

T7=T1+T3 2.21 c 0.41 3.31 b 0.23 1.55 e 0.64 1.19 f 0.74 

T8=T1+T4 2.28 c 0.39 3.28 b 0.24 0.61 h 0.86 1.26 ef 0.73 

T9=T1+T5 2.24 c 0.40 3.30 b 0.23 0.37 i 0.91 0.89 g 0.81 

T10=T2+T3 3.67 ab 0.01 4.24 a 0.01 1.01 f 0.77 0.67 g 0.86 

T11=Control 3.72 a 0.00 4.29 a 0.00 4.31 a 0.00 4.62 a 0.00 

LSD 0.23 
 

0.24 
 

0.17 
 

0.22 
 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 by LSD Test 

DAS = Days After sowing 
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60 DAS 67 DAS 71 DAS 75 DAS 82 DAS 

Population 
% 

reduction 
Population 

% 

reduction 
Population 

% 

reduction 
Population 

% 

reduction 
Population 

% 

reduction 

4.38 b 0.14 4.89 d 0.13 4.48 b 0.13 4.39 b 0.11 4.30 b 0.11 

2.16 g 0.58 5.30 abc 0.06 2.64 c 0.48 1.67 c 0.66 1.95 g 0.60 

3.63 c 0.29 5.40 ab 0.04 2.17 d 0.58 1.51 d 0.70 3.30 c 0.32 

2.92 e 0.42 5.01 cd 0.11 0.93 fg 0.82 1.59 cd 0.68 2.72 e 0.44 

1.91 h 0.62 4.82 d 0.14 0.77 g 0.85 1.18 f 0.76 1.85 gh 0.62 

1.90 h 0.63 4.74 d 0.15 2.27 d 0.56 1.36 e 0.73 1.72 h 0.64 

3.35 d 0.34 4.81 d 0.14 1.79 e 0.65 1.19 f 0.76 3.07 d 0.36 

2.59 f 0.49 4.72 d 0.16 0.56 h 0.89 1.24 ef 0.75 2.41 f 0.50 

1.65 i 0.68 4.34 e 0.23 0.39 i 0.93 0.82 g 0.84 1.45 i 0.70 

1.69 hi 0.67 5.22 bc 0.07 1.06 f 0.79 0.64 h 0.87 1.48 i 0.69 

5.09 a 0.00 5.61 a 0.00 5.12 a 0.00 4.95 a 0.00 4.83 a 0.00 

0.24 
 

0.33 
 

0.17 
 

0.15 
 

0.15 
 

Means with the similar letter(s) in each column are not significantly different from each other at P=0.05 by LSD Test 

DAS   = Days After Sowing 
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Table No. 27 Means comparison of period effect on thrips (M. distalis) density per flower at different days on mungbean in 

different treatments and localities 

Days Locality x Days ** Means for 

Treatments ** Location 1 Location 2 Location 3 
38 DAS 2.82 i 2.97 h 3.16 g 2.98 c 

45 DAS (24 hours before 1st spray) 3.59 f 3.80 e 4.04 d 3.81 b 

49 DAS (72 hours after 1st spray) 1.60 s 1.73 pqr 1.94 no 1.76 h 

53 DAS (1 week after 1st spray) 1.62 rs 1.79 pq 1.98 mn 1.80 gh 

60 DAS (2 week after 1st spray) 2.63 j 2.83 i 3.06 gh 2.84 d 

67 DAS (24 hours before 2nd spray) 4.73 c 5.00 b 5.23 a 4.99 a 

71 DAS (72 hours after 2nd spray) 1.84 op 1.97 n 2.24 l 2.01 f 

75 DAS (1 week after 2nd spray) 1.69 qrs 1.81 pq 2.09 m 1.87 g 

82 DAS (2 week after 2nd spray) 2.47 k 2.63 j 2.83 i 2.64 e 

LSD at 5% 0.12 0.07 

Means for Localities 2.56 c 2.73 b 2.95 a  

LSD at 5% 0.05  

Means with the similar letter(s) in each column and rows for interaction, in column for locations and in rows for treatments are not 

significantly different from each other at P=0.05 by LSD Test 

DAS   = Days After Sowing 

Location 1 = Farmer Field, 36/TDA, Bhakkar 

Location 2 = Arid Zone Research Institute, Bhakkar 

Location 3 = Farmer Field, Kotla Jam 

 



139 
 

 

Table No. 28 Means comparison of the thrips (M. distalis) population per flower on mungbean in different treatments and 

localities 

Treatments Locality x Treatment ** Means for Localities ** 

Location 1 Location 2 Location 3 Thrips population/ 

flower 

% 

reduction 

T1 = Imida seed treatment+ sticky trap 3.71 f 3.95 e 4.17 d 3.94 b 0.17 

T2 = B.bassiana7.5% 2.65 jk 2.81 i 3.04 h 2.83 d 0.39 

T3 = Neem seed Extract 5% 2.82 i 2.98 h 3.24 g 3.01 c 0.36 

T4 = Acephate 2.41lmno 2.56 kl 2.78 ij 2.58 e 0.45 

T5 = Chlorfenapyr 2.07stu 2.23 pqr 2.45 lmn 2.25 fg 0.51 

T6 = T1+T2 2.16 rs 2.32 nopq 2.51 klm 2.33 f 0.51 

T7 = T1+T3 2.30 opqr 2.48 lm 2.72 ij 2.50 e 0.48 

T8 = T1+T4 1.92 u 2.08 st 2.32 nopq 2.11 h 0.56 

T9 = T1+ T5 1.54 v 1.67 v 1.94 tu 1.71 i 0.63 

T10 = T2+ T3 2.00 tu 2.17 qrs 2.37 mnop 2.19 gh 0.53 

T11 = Control 4.52 c 4.73 b 4.93 a 4.73 a 0.00 

LSD at 5% 0.15 0.09  

Means with the similar letter(s) in each column and rows for interaction, in column for locations and in rows for treatments are not 

significantly different from each other at P=0.05 by LSD Test 

Location 1 = Farmer Field, 36/TDA, Bhakkar 

Location 2 = Arid Zone Research Institute, Bhakkar 

Location 3 = Farmer Field, Kotla Jam 
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Table No.29: Means comparison of treatments effect on yield (kg/ha) of mungbean at different locations 

Treatment Interaction Means for 

Localities Location 1 Location 2 Location 3 

T1 = Imida seed treatment+ sticky 

trap 

1074.7 o 984.0 p 946.0 pq 1001.6 j 

T2 = EPF 1411.9 gh 1304.0 jk 1264.5 kl 1326.8 g 

T3 = Neem seed Extract 1322.7 j 1211.0 mn 1171.3 n 1235.0 i 

T4 = Acephate 1904.2 bc 1767.7 de 1728.0 e 1800.0 d 

T5 = Chlorfenapyr 2048.5 a 1908.0 bc 1868.3 c 1941.6 b 

T6 = T1+T2 1458.0 g 1347.7 ij 1308.0 jk 1371.3 f 

T7 = T1+T3 1377.5 hi 1271.3 kl 1231.6 lm 1293.5 h 

T8 = T1+T4 1946.4 b 1807.7 d 1768.0 de 1840.7 c 

T9 = T1+ T5 2068.0 a 1941.0 b 1901.3 bc 1970.1 a 

T10 = T2+ T3 1725.4 e 1598.3 f 1558.3 f 1627.3 e 

T11 = Control 908.0 qr 880.7 r 879.0 r 889.2 k 

LSD at 5% 47.76 27.58 

Means for Localities 1567.8 a 1456.5 b 1420.4 c  

LSD at 5% 14.40  

Means with the similar letter(s) in each column and rows for interaction, in column for locations and in rows for treatments are not 

significantly different from each other at P=0.05 by LSD Test 

Location 1 = Farmer Field, 36/TDA, Bhakkar 

Location 2 = Arid Zone Research Institute, Bhakkar 

Location 3 = Farmer Field, Kotla Jam 
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Based on two spray applications of different pesticides at three different locations, 

the results showed that combination of chlorfenapyr and imidacloprid seed 

treatment+blue sticky traps was found more efficient followed by combination of 

acephate and imidacloprid seed treatment+blue sticky trap treatment and combination of 

B. bassiana7.5% and neem seed extract which results 63, 56 and 53% reduction over 

control respectively while, imidacloprid seed treatment+ blue sticky trap alone proved  

least effective with 17% reduction over control. These findings are in confirmatory with 

Shah et al. (2017) who found that acephate pesticide showed 37.39% overall thrips 

reduction which is superior to other tested insecticides and with the control plot 

(11.50%). Similarly Khaliq et al. (2016) reported that acephate was the best as compared 

to spirotetramat and spinetoram, and these pesticides proved better over the botanicals. 

The outcomes of Din et al. (2015) favors our findings that acephate 75SP was most 

effective. The findings are in conformity with of the results of Iqbal et al. (2013) and 

Pachundkar et al. (2013) who reported that acephate had maximum control of thrips 

population. The present outcomes are not in conformity with Negash et al., (2020) who 

found that imidacloprid was most efficient against thrips. The treatment module does not 

show any phytotoxic effect on mungbean crop. Considering the overall effectiveness, the 

insecticides chlorfenapyr 10 SC and acephate in combination of imidacloprid seed 

treatment + blue sticky traps were more effective with 63 and 56% reduction thrips 

population over control than the these  insecticides tested alone with 51 and 45% 

reduction over control, respectively. 

In the present research Neem Seed Extract (NSE) showed more than 69% and 

70% reductions (Table 26) in populations of thrips up to 7 days after spray. Various 

researchers have previously evaluated the effectiveness of botanicals against field crops 

insect pests. For example, Kadri and Basavana Goud (2010) observed that neem extracts 

in onion cause noteworthy reduction of thrips. Similarly, neem toxicity against thrips 

were found by Mishra et al. (2016). Our results showed that all tested chemical 

insecticides, biopesticides and their possible combinations were effective in controlling 

thrips in mungbean crop which are in agreement with Subramanian et al. (2010). The 

present study concluded that chemical pesticides were most efficient against thrips, 

followed by biopesticides which are in agreement with Mandi and Senapati (2009) who 
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observed that chemical insecticides were the more efficient than neem-based pesticides 

against thrips. 

The pathogenicity of B. bassiana against thrips was verified and concluded that 

they caused good mortality by different scientist (Jacobson et al., 2001; Yankova & 

Markova, 2017). Similarly Palthiya et al. (2017) reported that B. bassiana can reduce 

thrips population by 65% to 87% when used as a foliar spray. More recently Bayu and 

Prayogo (2018) also reported similar results. When entomopathogen B. bassiana 7.5% 

was applied in combination with neem, the 53% protection over control were 

considerably higher in all the cases than their individual effect which was 39 and 36%, 

respectively (Table 28) indicating compatibility among these major biopesticides. Further 

when the neem seed extract spray in combination of B. bassiana entomopathogenic fungi, 

the mortality rate was quickened and ending up with the 86% and 87% percent mortality 

after seven days of the treatment application during first and second spray application 

(Table 26). Based on the results obtained it is clear that combination of different 

treatments ended with more mortality percentage which is greater than their separate 

effects which indicates the presence of clear synergetic activity especially in case of 

neem, and entomopathogenic  fungi B.bassiana 7.5% which is in line with of Otieno et 

al. (2016).  

The inhibition of certain susceptible isolates of B. bassiana by azadirachtin has 

also been observed (Depieri et al., 2005; Mohan et al., 2007) which demonstrated that 

certain neem concentrations are well-matched and synergistic when combined with EPFs 

such as B. bassiana and Metarhizium spp. within some ranges of temperature. Halder et 

al. (2017) reported that all thetested entomopathogenic fungi (EPF) including B. bassiana 

were compatible with neem against insect pests of vegetables. Furthermore, neem with B. 

bassiana compatibility was established and reported that the use of aqueous neem seed 

extract at a concentration of 5% had no effect on the vegetative growth of B. bassiana 

(Rodríguez Lagunes et al., 1997). The pathogenicity of neem and B. bassiana was 

verified that they caused good mortality. The present outcomes are in accord with the 

Subbulakshmi et al. (2012) who found that nimbecidine neem based formulation has 

compatible with EPF including B. bassiana. The significant rise in neem activity and EPF 
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mixtures was due to the probable stabilizer and synergistic  effect of neem (Halder et al., 

2012; Halder et al., 2013). 

As neem products and by-products are thought to be safer than traditional 

insecticides, they may be used to boost the effectiveness of EPF as a chemical pesticide 

free pest control strategy. Our studies clearly showed that when used in combination of 

neem seed extract, and B. bassiana it give maximum protection against thrips in 

mungbean which would benefit the growers by reducing the costs of controlling thrips. 

The slow-acting nature of EPF is one of the most well-known disadvantages of the 

product (Johnson & Goettel, 1993; Peng et al., 2008). The findings of the experiments on 

mortality indicate strong support for the development of combined biopesticides as a new 

tool for IPM. Besides a significant raise in pest mortality, there are indications that 

propagation of the EPF may be occurring more rapidly. 

The insecticide application provides an immediate solution to control thrips in 

mungbean and appear to be most effective method in boosting mungbean production. Of 

the eleven different treatments, the significant superiority preferably towards the control 

of thrips and yield was in chlorfenapyr and acephate combination with imidacloprid seed 

treatment + blue sticky traps (Table 28 and 29). The present research found that yield of 

mungbean in chemical insecticides as well as botanicals treated plots was substantially 

higher than in control plots in all tested locations (Table 29). Similar findings were 

observed by Hossain et al. (2018) while installing white sticky trap + spraying 

chlorfenapyr + spraying with emamectin benzoate and got highest mungbean yield. 

Similarly Hossain (2014) reported that highest yield 1933 kg/ha was achieved from white 

sticky trap in combination with voliam flexi sprayed plots while testing different IPM 

practices in mungbean. Furthermore Singh and Singh (2015) reported that by adoption of 

IPM module insect pest density in mungbean can be reduced which ultimately enhanced 

the yield. The efficiency of the IPM module in the current research is in the line with the 

results of Panduranga et al. (2011) that spraying of neem seed kernel extract 5% at 

flowering stage increased the efficiency of insecticides.  
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Chapter 5: Summary, Conclusion, Recommendations 

5.1 Summary 

These studies were conducted to findout the resistance/susceptible responses of 

different “mungbean” genotypes against M. distalis Karny under natural field conditions 

during 2018 and 2019. During 2018 from the preliminary screening trial, twenty-five 

mungbean genotypes were screened against M. distalis. On the basis of mean population 

of thrips maximum thrips population were observed on Sawat-1 and Dera-M and NM-98 

with 6.03, 6.00 and 5.57 thrips per flower, respectively and were found comparatively 

susceptible. Whereas, 13TM-04, NM-16 and AZRI-06 were found to be comparatively 

resistant with minimum 3.07, 3.27 and 3.40 thrips per flower population, respectively 

during 2018 as against the genotypes Sawat-I, NM-98 and Dera-M which showed 

susceptible response. While the genotypes NM-11, 12TM-03 and NM-06 which showed 

intermediate response with 4.77, 4.67 and 4.53 thrips per flower population, respectively. 

During final screening trial, during 2019, Dera-M showed maximum number of thrips 

6.27 per flower followed by Sawat-1 and NM-98 with 5.90 and 5.73 thrips per flower 

respectively which were statistically at par with each other. While, 13TM-04 showed 

minimum 3.50 thrips per flower population followed by NM-16 with 3.53 thrips per 

flower which was statistically similar with AZRI-06 with 3.87 thrips per flower. The 

genotype 12TM-03 showed 4.47 thrips per flower which was statistically similar with 

NM-06 with 4.73 thrips per flower followed by NM-11 which showed 4.87 thrips per 

flower. The resistance/susceptible response towards thrips in the selected genotypes 

during the final screening trial observed to be similar to that observed during the 

preliminary trial. Maximum HPSI, 15% was recorded in Dera –M while the minimum 

was recorded on 13TM-04 and NM-16 with 8% of each. Moreover, Dera-M showed 

maximum 99.53 flowers per plant shedding followed by Sawat-1 with 87.67 flower 

shedding per plant. While minimum flower shedding per plant was recorded in AZRI-06 

and 13TM-04 which was not significantly different from each other having 54.73 and 

59.87 flowers shedding per plant, respectively. Highest 34.60 pods per plant was 

observed in 13TM-04 which was statistically similar with NM-16 with 34.80 pods per 

plant followed by AZRI-06 with 28.73 pods per plant. Minimum 16.07 pods per plant 



145 
 

were observed in NM-98 which was statistically at par with Sawat-1 and Dera-M with 

18.53 and 18.67 pods per plant, respectively. Maximum deformed pods 4.93 and 4.33 

were recorded in Dera-M and Sawat-1, respectively and were statistically at par with each 

other. However minimum 2.07 deformed pods per plant were observed in 13TM-04 

which was did not differ significantly from NM-16 and AZRI-06 with 2.33 and 2.60 

deformed pods per plant, respectively. The genotype 13TM-04 showed maximum 

number 8.40 seeds/pod and seed weight 4.77 g per plant which was closely followed by 

NM-16 with 7.73 seeds/pod and 4.22 seed weight per plant. While minimum 5.80 

seeds/pod and 2.53 g seed weight per plant was observed in Dera-M which was not 

significantly different from NM-98 and Sawat-1 with 6.60 and 6.67 seeds per pod and 

3.20, 3.43g seed weight per plant, respectively. Maximum 5.57, 5.51, 5.42 and 5.27 g 

hundred seed weight was recorded in NM-16, 13TM-04, AZRI-06 and NM-11 mungbean 

genotypes, respectively. While minimum 3.80 hundred seed weight was recorded in 

Dera-M which was not significantly different with NM-98 and Sawat-1 with 4.04 and 

4.31 g hundred seed weight, respectively. Mungbean genotypes NM-16 and 13TM-04 

exhibited statistically similar results and produced the highest yields at 935 and 

902.8 kg/ha, respectively.However, minimum yield was recorded in Dera-M followed by 

NM-98 with 333.3 and 466.7 kg/ha, respectively.  

During 2018, the maximum thrips population was observed on the dates, the 26th 

June, with 5.099 thrips per flower which declined to 4.83 thrips per flower during the 30th 

June, 2018 and again increased to 5.07 thrips per flower on the date 04th July. While 

during 2019, the maximum 5.11 thrips per flower were observed during the 26th June 

2019 which gradually increased to 5.22 thrips per flower during the 30th, June 2019 and a 

peak population of 5.58 thrips per flower was observed during the 04th July 2019. During 

2019 thrips attack was maximum which was due to change in weather factors. Thrips 

population and climate factors relationship at various dates of observations on collective 

basis for both research years 2018 and 2019 showed that a maximum thrips population 

(5.32/flower) was observed, on the 04th July, at 43.50 °C, 27.50 °C and 35.50 °C 

maximum, minimum and average temperature respectively with 51.75% relative 

humidity and with nil rainfall. During both research years 2018, 2019 and on cumulative 

basis of both years maximum temperature and average temperature showed a positive and 
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significant correlation whereas average R.H and rainfall during both years exhibited 

negative and significant correlation with the thrips population with highly significant 

negative correlation on collective basis. Whereas, non significant correlation was found 

with minimum temperature during both years and on cumulative basis. Maximum 

temperature contributed maximum i.e. 51.1% and 55.8% role followed by rainfall which 

showed 14.8% and 4% role during 2018 and 2019 respectively in the fluctuation of thrips 

population. The contribution of other weather factors to the thrips population variation 

was low. Average temperature contributed 3.0% and 1.0% and average relative humidity 

1.4% and 1.2% during 2018 and 2019, respectively. On cumulative basis of both years 

2018 and 2019 maximum temperature contributed maximum 62.4% role in thrips per 

flower population fluctuation followed by rainfall, average temperature and average R.H 

with 6.3, 4.8 and 0.4% role, respectively. 

Bio-efficacy of four different species/strains of entomopathogenic fungi (EPF) 

namely, V. lecanii (zimm) (Mealikil-VL), M. anisopliae (Pacer-MA), B. bassiana (Bals) 

(Racer-BB) and I. fumosoroseus were investigated at three different concentrations of 

2.5, 5.0 and 7.5%, respectively against mungbean thrips during kharif, 2018. The 

evaluations were based thrips population and percent reduction of thrips on per flower 

basis and damage level on mungbean pods. Among the tested entompathogenic fungi, B. 

bassiana @ 7.5% concentration was found to be most effective compared to other tested 

EPFs. While, V. lecanii and I. fumosoroseus were found least effective against mungbean 

thrips. Efficacy of each tested EPF increased up to seven days but after fourteen days 

EPF lost their efficacy. On cumulative basis B. bassiana @ 7.5% resulted in minimum 

number of 1.76 thrips per flower with maximum 59.42 percent reduction over control 

was found significantly superior over rest of the tested EPF. Total number of flowers, 

flower shedding, total pods, deformed pods and yield were significantly affected by the 

application of various concentrations of different EPF. Highest number 185.40 

flowers/plant with highest number 56 pods/ plant were observed on B. bassiana @ 7.5% 

which results 46.14% and 69.33% increase of flowers and pods over control, 

respectively. The next effective treatment was M. anisopliae @7.5% which produces 

180.80 total number of flowers per plant and 51.27 pods per plant which results 42.48% 

increase of flowers and 55.23% increase of pods over control. Among the tested EPFs at 
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different concentrations lowest flower shedding 68.87 per plant (37.14%) with maximum 

36.31% reduction of flower shedding over control was observed in B. bassiana @ 7.5% 

treated plots. Moreover, B. bassiana @ 7.5% concentration significantly increased the 

yield 1018.9 kg ha-1 as compared to other tested EPF.  

. The response of mungbean thrips on five different differentcolores viz., yellow, 

blue, orange, green and white sticky traps and their color preference were studied. 

Among all tested colors maximum thrips catch was observed on blue color sticky trap. 

On the basis of mean number of thrips per sq. inch area of sticky traps performance of 

different colored traps with regard to M. distalis catching was in the order of blue > 

yellow >  orange > green > white. 

 Amongst various physio-morphological plant characters the moisture and dry 

matter contents in the flowers, number of pods, pods length, number of seeds/pods, 

number of fruiting branches, plant height showed significant differences among the 

genotypes. The moisture contents, number of fruiting branches and height had positive 

and significant correlation with the thrips population. While the dry matter, total pods 

number, pods length and per pod seed number exhibited negative and significant 

correlation with the population of thrips. The moisture contributed maximum 57.6% in 

thrips population fluctuation and appeared to be most important physio-morphic plant 

character. The second most important physio-morphic plant character was found to be 

dry matter which contributed 21.9% followed by total number of pods with 16.5% 

contribution in per unit change of thrips population. Among the genotypes various 

chemical plant characters like, nitrogen, crude protein, phosphorous, potassium, ash, 

ether extract, reducing sugar, non reducing sugar, total sugar, zinc, copper, ferrous, 

manganese and boron showed significant differences. The effect of nitrogen, crude 

protein, reducing sugar, zinc, copper showed positive and significant correlation whereas 

those of non reducing sugar and boron have negative and significant correlation with 

thrips population per flower on ‘mungbean’. Phosphorous, potassium, ash, ether extract, 

total sugar, ferrous and manganese, however, did not show a significant correlation with 

thrips population on ‘mungbean’. The nitrogen percentage in the mungbean flowers was 

the most significant factor contributing 59.9% in the per unit thrips population change 
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followed by reducing sugar, non reducing sugar and protein which exhibited 15.5, 9.9 

and 6.2% role for the above said effect. All other factors contributed between 0.1 to 1.4% 

when assessed individually, towards the thrips population fluctuation. The nitrogen and 

reducing sugar were the most significant factors in the thrips population fluctuation and 

both of them showed significant and positive impact.  

Various control practices, viz., host plant resistance., imidacloprid seed-

treatment+ use of blue sticky trap, neem seed kernel extract, entomopathogenic fungi 

Beauveria bassiana and insecticides acephate and chlorfenapyr were applied alone, and 

in their possible combinations, at three different localions of District Bhakkar, on a 

comparatively thrips resistant genotype of mungbean, 13TM-04 for the control of thrips 

during 2020. The treatment influence on its own and in their alternative combinations 

demonstrated a substantial difference in efficacy with each other. A grouping of 

treatments, viz., imidacloprid 70 WS seed treatment 5gm/Kg + installation of blue 

stickytraps and chlorfenapyrspray 360 SC was observed the most successful which 

resulted minimum thrips per flower population and showed maximum yield of 

mungbean. While the outcome of imidacloprid seed-treatment + blue sticky trap 

installation, alone, did not have distinctive impact on the thrips population as well as on 

the yield. There was a substantial decrease in thrips in those plots where chlorfenapyr 

was sprayed, alone, or in conjuction with other treatment imidacloprid seed treatment + 

installation of blue sticky trap. The imidacloprid seeds treatment remained effective up to 

38 days after sowing against the thrips.The use of chlorfenapyr and acephate as a spray 

alone resulted in a significant reduction in thrips, as did the use of spray in combination 

with other control methods. Maximum yield 1970.1 kg/ha of mungbean, was observed in 

combination of imidacloprid seed treatment + sticky trap + chlorfenapyr 360 SC, 

followed by that where chlorfenapyr 360 SC was sprayed alone, combination of 

imidacloprid seed treatment+ sticky trap+ acephate, Acephate alone and that in 

combination ofBeauveria bassiana 7.5%+ Neem Seed Extract 5%, with 1941.6, 1840.7, 

1800 and 1627.3 kg/ha, respectively and were significantly different from each other.  
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5.2 Conclusion  

 The outcomes of the present studies identified various partially resistant cultivars 

namely 13TM-04, NM-16 and AZRI-06 against thrips attack.  

 Thrips population in mungbean is influenced by different weather factors in 

which maximum temperature and rainfall play a significant role. During cropping 

season, the knowledge about thrips dynamics helps in manipulating suitable pest 

managing strategy.  

 B. bassiana significantly reduce the thrips population and the damaged level of 

mungbean pod. Moreover, the use of B. bassiana effectively increased the yield 

as compared with the other tested EPF. Based on extensive research, it has been 

concluded that weekly application of B. Bassiana at 7.5% can be used for getting 

significant yield increase for mungbean crops through reduction in population of 

thrips 

 Blue sticky trap attracted maximum number of thrips as against other tested color 

sticky traps and can be used for mass trapping and monitoring purposes against 

thrips. 

 Various physio-morphological plant characters like moisture and dry matter 

contents in the flowers, number of pods, pods length, number of seed per pod, 

number of fruiting branches, plant height had significant role against thrips. The 

moisture contributed maximum role in thrips population fluctuation and appeared 

to be most important physio-morphic plant character. The second most important 

physio-morphic plant character was found to be dry matter in per unit change of 

thrips population.  

 Various chemical plant characters like, nitrogen, crude protein, reducing sugar, 

zinc, copper have positive and significant correlation whereas those of non 

reducing sugar and boron have negative and significant correlation with thrips 

population per flower on ‘mungbean’. The role of nitrogen percentage in the 

mungbean flowers was the most significant followed by reducing sugar, non 

reducing sugar and protein in the per unit thrips population change.  
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 The ETL of thrips was reached after 45 days after sowing in three locations. This 

period coincides with the flowering phase of mungbean.  So, increase the scouting 

frequency (twice a week), at least during the crop's flowering phase. 

 For the management of M. distalis in mungbean may be as follows. At the sowing 

time imidacloprid seed treatment and at the beginning of flowering stage blue 

sticky traps installation and when infestation of M. distalis reached at ETL 

chlorfenapyr 360 SC at 100 ml/acre should be applied.  

 It is very important to keep thrips populations in check by the use of insecticides 

twice during mungbean cropping season.  

 For the eco-friendly environment for beneficial insect pests and human the use of 

safe chemistries is needed. Alternative to this method may be botanicals and 

selective insecticides.  

 In addition to suppression of thrips density treated bio-agents and chemicals have 

noteworthy impact on yield. 

5.3 Recommendations 

 Mungbean genotypes/varieties 13TM-04, NM-16 and AZRI-06 are recommended 

for ecological zone of Bhakkar, Pakistan due to their resistance against thrips 

which is most damaging insect pest of mungbean crop.  

 Moreover, to evolve new varieties these genotypes (13TM-04, NM-16 and AZRI-

06) can be used as a source of resistance by the plant breeders for breeding 

programs. However, further work is needed to investigate the different sowing 

times and new varieties which may perform well in the prevalent environmental 

conditions against thrips.  

 An early sowing of the resistant varieties/genotypes is recommended which will 

be helpful from escape of severe attack of thrips in mungbean under ecological 

zone of Bhakkar. 

 B. bassiana @ 7.5% is recommended as a biological agent in IPM component on 

mungbean. However, further work is needed to investigate the effect of B. 

bassiana in combination with different plant extracts and other biological agents 

(EPFs) for maximum control of thrips which will be environmentally safe. 
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 Blue sticky traps can be used as an early detection method and for mass trapping 

against mungbean thrips. Moreover, blue sticky traps should be integrated in IPM 

Program. 

 The moisture and dry matter contributed maximum in thrips population 

fluctuation and appeared to be most important physio-morphic plant characters in 

per unit change of thrips population. Plant breeders should use those mungbean 

genotypes in breeding programs for the source of resistance against thrips having 

minimum moisture and higher dry matter contents 

 Plant breeders should use those mungbean genotypes in breeding programs for the 

source of resistance against thrips having minimum nitrogen, protein, reducing 

sugar, zinc and having maximum non reducing sugar and boron. 

 Increase the scouting frequency (twice a week), at least during the crop's 

flowering phase which is the peak period of thrips attack. 

 For efficient thrips management imidacloprid seed treatment and at the beginning 

of flowering stage weekly blue sticky traps installation and when infestation of M. 

distalis reached at ETL chlorfenapyr 360 SC at 100 ml/acre should be applied  

 For the promotion of these management techniques extension efforts among the 

farmers should be required.  

 Through mass media and training workshops mungbean growers should be 

properly educated about thrips life cycle, time and mode of damage and use of 

management practices. 
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