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Abstract. The experiment was conducted at the Arid Zone Research Institute (AZRI), Bhakkar, Pakistan
during 2018 and 2019 on different mungbean genotypes to find a resistant to thrips and to determine the
impact of weather factors on the Megalurothrips distalis population. In 2018 twenty-five mungbean
genotypes were screened against M. distalis. During 2019 three genotypes each of resistant (13TM-04,
AZRI-06, NM-16), susceptible (Dera-M, Sawat-1, NM-98) and intermediate reaction (NM-06, 12TM-03,
NM-11) towards thrips infestation were chosen for final screening based on per flower thrips population
density at 4 days intervals commencing from the first appearance of thrips up to maturity stage of the
crop. Maximum HPSI, 15% was recorded in Dera —M while the minimum was recorded on 13TM-04 and
NM-16 with 8% of each. Yield and the yield contributing characteristics were also assessed from which
NM-16 and 13TM-04 exhibited statistically similar results and produced the highest yields at 935 and
902.8 kg/ha respectively. During both study years and on cumulative basis thrips population fluctuation
had positive results and showed a significant correlation with maximum and average temperature. The
average number of thrips during 2018, 2019 as well as both years combined showed a non-significant
correlation with minimum temperature while negative and highly significant correlation was observed
with average relative humidity and rainfall. Maximum temperature was the most important factor which
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.
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Introduction

Mungbean, Vigna radiata (L.) Wilczek, is an important pulse crop grown in
Pakistan. It is able to grow efficaciously in rain fed regions (Anjum et al., 2006). It is a
short duration and might face up to unfavorable environmental situations therefore is
broadly distributed all around the world. It is the most preferred by the farmer due to
high protein content and is easily adopted in the drier and warmer climates (Ratnasekera
and Subhashi, 2015; Yaqub et al., 2010).

The yield and quality of mungbean is affected by different biotic (pest and diseases),
abiotic (temperature, rainfall, relative humidity etc.) and phenological factors (flower
and fruit drop). 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). Among the insect
pests of mungbean thrips had gained major importance. The nature and extent of
damage caused by thrips in mungbean varies in distinctive climatic areas because of
various agroclimatic conditions. Thrips is the regular, early season and most important
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insect pest of mungbean which inflict heavy yield losses (Hossain et al., 2004). 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. Yield losses are
estimated to be around 65% in mungbean due to thrips attack (Indiati, 2004).

The endurance, growth and reproductive capability of insect pests depends on the
climatic factors (Morsello et al., 2014; Rosado et al., 2015). An insect development is
influenced by the prolonged duration of low, high or sudden change in temperatures
(Igbal et al., 2010). Weather parameters have significant impact on thrips population
(Pedigo, 2004). Different weather factors have positive association for the development
and seasonal incidence of thrips (Soni and Dhakad, 2016). Economic loss due to thrips
could be reduced by collecting such prediction information (Shuaib, 2004). Such studies
are helpful in the establishment of predictive models of thrips attack on mungbean, so
that the farmers can determine the correct time to start pest control (Da Silva et al.,
2017; Herms, 2004; Rosado et al., 2015)

The varietal development in mungbean focused namely on the selection from
germplasm. Several resistant donors for thrips were identified and used to transfer
gene(s) for pest resistance. As a result, a number of high yielding genotypes with
limited thrips tolerance were developed through interspecific hybridization. There is a
need to intensify research for thrips tolerance through integration of desirable alleles
from secondary and tertiary gene pool.

Due to the damage significance caused by thrips to the mungbean crop, an attempt
was made to sort out the correlation of climate factors with thrips population in
mungbean crop under agroclimatic conditions of Bhakkar to predict seasons of
abundance. The present study objective was to determine resistant genotype of
mungbean against thrips and fluctuation of thrips population in mungbean in relation to
weather factors. The present study would be helpful for determining the peak period of
thrips attack which in turn may be supportive in developing better thrips management
strategy.

Materials and methods

Present research was conducted during the years 2018 and 2019 to find out the
resistant genotype of mungbean and to work out the weather role in thrips population
fluctuation. Twenty-five genotypes of mungbean were sown at AZRI, Bhakkar,
Pakistan on the 10" May, 2018. Plot size was maintained 5 x 2.4 m with 30 cm row to
row and 10 cm plant to plant distance. For further investigations three genotypes
resistant, susceptible and showing intermediate reaction to thrips infestation were
chosen. Thus, in total, nine genotypes were chosen from preliminary screening trial of
2018 based on per flower thrips population density. Sowing of the trial was done on
May 10, 2019 in the same experimental area following Randomized Complete Block
Design (RCBD) replicated thrice with the same plot size.

During both research years no plant protection measures were applied.
Recommended agronomic practices were applied as and when required. From randomly
selected five plants thrips population data was taken avoiding border rows from each
treatment and three opened flowers of each randomly selected plant were observed at
4 days interval commencing from the first appearance of thrips up to maturity stage of
the crop. Thus, from each plot a total of 15 flowers were observed for collection of
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thrips data. The collected flowers were immediately opened on white paper board and
thrips numbers were recorded by counting number of thrips (through the use of
magnifying lenses). The average thrips population on per flower basis for each genotype
was determined by

B 41 5 - -5 ) 4 IRRRR—— +X14+X15

X " (Eq.1)

where: X =mean number of thrips flower! and Xi+ X+ Xs+,
+ X14 + X15 = number of observed flowers.

Mungbean genotypes were classified into three categories based on attack of mean
number of thrips per flower:

3 - 3.99 thrips/flower = Resistance; 4 - 4.99 thrips/flower = Intermediate Resistance;
5 - 6 and above thrips/flower = Susceptible.

Host plant susceptibility indices (HPSIs)

The HPSI, based on thrips infestation at different genotypes of mungbean was
determined using the following formula:

HPSI(%) = 100 — =% X 100 (Eq.2)

where A = thrips population in individual mungbean genotype and B = thrips population
in all genotypes of mungbean on average per leaf or per flower basis (Ali and Farooq,
2019).

At maturity from five sample plants total number of flowers, flower shedding, total
pods and deformed pods were recorded. Then their average number per plant data was
calculated. After harvesting of the crop No. of seeds/pod was recorded from the five
randomly selected pods. Then from their mean value average number of seed per pod
was calculated. Weight of seeds per plant was also calculated from total number of
seeds obtained from five randomly selected plants from each plot which were properly
sun-dried and their weights were recorded. Then from their mean value weight of seeds
per plant was calculated. 100 seed of each selected genotype was separately weighed
and data was recorded. After harvesting crop was sun-dried and threshed. Seeds were
properly sun-dried and their weights were recorded. Yield per plot was converted in to
yield per hectare (Sagar et al., 2017). To find out the significance difference between
the different treatments the data on aforementioned parameters were statistically
analyzed. By using analysis of variance techniques (Steel and Torrie, 1997) thrips
infestation data were analyzed and means were compared by (post-hoc test) using least
significant difference test (LSD) at 5% significance level.

Meteorological data related to atmospheric temperature (maximum, minimum and
average temperature), average R.H and total rainfall was obtained from the
meteorological observatory of AZRI, Bhakkar for the relevant months and were
correlated with per flower thrips population of various selected genotypes of mungbean
with the objective to determine the impact of different abiotic factors on thrips
population. These factors were processed for simple correlation (Steel et al., 1997)
between population of thrips and abiotic factors and the factors which showed
significant correlation with the thrips population were computed for multiple linear
regression analyses of variance with the objective to find the percent role of these
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factors individually as well as in their possible combinations through steps. The data
obtained during 2018 and 2019 were transformed to square root transformations and
were statistically analyzed. By using Multiple Linear Regression Equation, the
combined effect of the abiotic factors on thrips population during 2018 and 2019 were
calculated.

Results

Varietal performance of different mungbean genotypes against Megalurothrips
distalis during 2018

The results (Table 1) showed the mean number of thrips per flower population during
2018 and 2019. It is evident from the results that during 2018 on the basis of mean
population of thrips maximum thrips population were observed on Sawat-1 and Dera-M
which were at par with each other with 6.03 and 6.00 thrips per flower followed by
NM-98 with 5.57 thrips per flower. The minimum 3.07 thrips/flower population was
recorded in 13TM-04 which was statistically at par with the genotypes NM-16 and
AZRI-06 which showed 3.27 and 3.40 thrips per flower population each 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 were at par 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 > Dera-M > NM-98 > TM-1626 >
TM-1611 > TM-1609 > Chakwal-06 > Ingilab-M > TM-1607 > TM-1615 > TM-1601 >
NM-11 > 12TM-03 > NM-06 > Bahawalpur mung-17 > NCM-13 > Sona-M > NM-92 >
TM-1418 > TM-1627 > 13TM-14 > 09TM-11 > AZRI-06 > NM-16 and 13TM-04.

Varietal performance of different genotypes against thrips during 2019

From the results 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 1) 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 statistically at par 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 was statistically similar with AZRI1-06 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.

Host plant susceptibility indices (HPS1%)

The results (Table 2) revealed the HPSI (%), based on per flower thrips population
on different genotypes of mungbean during 2018 and 2019. The genotype Dera-M
showed maximum 15% HPSI during 2018 and 2019 on per flower basis followed by
Sawat-1 which showed 15% HPSI% during 2018 and 14% during 2019. While NM-98
showed 13% HPSI during both years. These three genotypes were found comparatively
susceptible to thrips infestation. Genotypes 12TM-03 showed 11% and 10% HPSI%
during 2018 and 2019 respectively while NM-11 showed 11% HPSI each during both
years. NM-11 showed 12% during 2018 and 11% HPSI during 2019. The minimum 7%

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(6):8189-8203.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1806_81898203
© 2020, ALOKI Kft., Budapest, Hungary



Nadeem et al.: Performance of different mungbean (Vigna radiata (L.) Wilczek) genotypes against Megalurothrips distalis
(Thysanoptera: Thripidae) in the agro-ecological zone of Bhakkar, Pakistan
- 8193 -

HPSI was recorded in 13TM-04 during 2018 while it was 8% during 2019 followed by
NM-16 which showed 8% HPSI of each during both years. While AZRI1-06 showed 8%
during 2018 and 9% HPSI during 2019.

Table 1. Mean comparison of the data regarding thrips population on various genotypes of
Mungbean, at different dates of observations during 2018 and 2019

Thrips per flower during
Genotypes 2018 2019
Dera-M 6.00a* 6.27 a
Sawat-1 6.03a* 5.90b
NM-98 557b* 5.73b
TM-1626 5.43 bc
TM-1611 5.40 bc
TM-1609 5.37 bc
Chakwal-06 5.33 bc
Ingilab-M 5.13 cd
TM-1607 4.87 de
TM-1615 4.87 de
TM-1601 4.83 def
NM-11 4,77 efg ** 487c
12TM-03 4.67 efgh ** 4.47d
NM-06 4.53 efgh ** 4,73 cd
Bhawalpur M-17 4.50 fgh
NCM-13 4.43 gh
Sona-M 4.37h
NM-92 3.93i
TM-1418 3.83j
TM-1627 3.70ijk
13TM-14 3.70ijk
09TM-11 3.50 jkI
AZRI-06 3.40 KIm *** 387¢
NM-16 3.27 Im *** 3.53 ef
13TM-04 3.07 m *** 3.50f
LSD value @5% 0.36 0.34

Means sharing similar letters are not significantly different by LSD test at P = 0.05
* = Susceptible genotypes

** = |Intermediate resistant genotypes

*** = Resistant genotypes

The results (Table 2) showed the HPSI (%) on cumulative basis of both study years
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 are found intermediate response. The
minimum HPSI was recorded on 13TM-04 and NM-16 with 8% of each followed by
AZRI1-06 which showed9% HPSI which showed the resistant response to thrips
infestation on per flower basis.
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Table 2. Host plant susceptibility indices (%) based on mean percentage of thrips on
different genotypes of mungbean during 2018 and 2019

Genotypes Host plant susceptible indices (%) based on per flower during
2018 2019 Cumulative of 2018 and 2019
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%

Response of different mungbean genotypes against thrips attack

Response of different mungbean genotypes against thrips was assessed by comparing
the total flowers, flower shedding, total pods and deformed pods per plant basis. The
results (Fig. 1) showed total number of flower and flower shedding per plant of
different mungbean genotypes. It is evident from the present findings that different
genotype behaved differently in the case of total number of flowers on per plant basis.
Results showed that the highest number of 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 from each other with 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. 1) also revealed that different genotypes had significant impact on number of
flower shedding which may be due to thrips preference. Maximum 99.53 flower per
plant shedding was 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 with 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 was statistically at par with each other.

The results (Fig. 2) showed the total number of pods and deformed pods on per plant
basis of different mungbean genotypes. It is clear from the results that utmost 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 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. While 12TM-03, NM-11 and NM-
06 behaved statistically similar with 22.93, 22.20 and 21.20 total pods per plant,
respectively. Figure 2 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. 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,
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3.07, 2.87 and 2.87 deformed pods per plant, respectively and were statistically at par
from each other.
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Figure 1. Response of different mungbean genotypes on number of flowers per plant
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Figure 2. Response of different mungbean genotypes on number of pods per plant

Role of different genotypes/varieties on the yield and the yield contributing characters

The results (Table 3) showed the yield (kg/ha) and yield contributing characters of
different mungbean genotypes/varieties which revealed that 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 not significantly different from each other. 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 from each other.
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The outcome (Table 3) 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 ¢
seed weight per plant was recorded in Dera-M which was significantly 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 3) 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 3) 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.

Table 3. Effect of different genotypes/varieties on the yield and the yield contributing
characters of mungbean

Treatments | No. of seed/pod |Seed weight/plant (g)|100 seed weight (g) Ylel((;/)plot Yield kg/ha
AZRI-06 7.47 be 422 ab 5.42 a 455.7b 759.5b
NM-16 7.73 ab 431lab 557 a 561.0a 935.0a
13TM-04 8.40 a 477 a 551a 541.7a 902.8a
NM-11 7.07 be 4.08 bc 5.27 ab 405.0c 675.0c
NM-06 6.80c 3.70 bed 4,72 bc 369.0 cd 615.0 cd
12TM-03 7.47 be 3.98 bc 4.49 cd 345.7d 576.1d
NM-98 6.60 cd 3.20d 4.04 de 280.0¢e 466.7 e
Sawat-1 6.67 cd 343cd 4.31 cde 332.7d 554.2d
Dera-M 5.80d 2.53e 3.80e 200.0f 333.3f
LSD 0.5 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

Thrips population fluctuation versus climate factors, during 2018 and 2019

The results (Table 4) revealed the thrips population fluctuation on per flower basis
versus weather conditions. During 2018, the maximum thrips population 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 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. While during 2019, the maximum
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5.11 thrips per flower were observed during the 26th, June 2019 which gradually
increased to 5.22 thrips per flower during the 30th, Jun2 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 rainfall nil.

Table 4. Data regarding meteorological observations on various weather factors and thrips
population during 2018-19

SrNo | Date Temperature °C Average R.H | Average Average
Maximum | Minimum | Average (%) R.F (mm) | thrips/flower

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)

) 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 12,0718 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 1200718 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 |240718 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 1280718 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 | 010818 39.500 27.125 33.313 60.625 0.000 4.273
(6.325) (5.256) (5.815) (7.818) (0.707) (2.185)

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)

) 18.06.19 44.380 25.500 34.940 47.630 0.500 4931
(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 5111
(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)

5 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
R (6.295) (5.112) (5.734) (8.209) (2.958) (2.294)
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6 |120719| 41000 28.130 | 34.565 62.000 0.000 5.215
(6.442) | (5.351) | (5.922) (7.906) (0.707) (2.391)
o |160719| 39250 25.630 | 32.440 62.000 1.250 4.528
(6.305) | (5.112) | (5.739) (7.906) (1.323) (2.242)
10 |200719| 39130 26.750 | 32.940 65.250 0.550 4.215
(6.295) | (5.220) | (5.783) (8.109) (1.025) (2.171)
11 |2a0719| 41880 29.000 | 35.440 57.000 0.000 4.647
(6.510) | (5.431) | (5.995) (7.583) (0.707) (2.269)
1o |280719| 37950 28.000 | 32.975 66.630 0.250 4.338
(6.201) | (5.339) | (5.786) (8.193) (0.866) (2.200)
13 |oLog1g| 37630 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

The data (Fig. 3) showed the thrips population and climate factors relationship at
various dates of observations on collective basis for both research years 2018 and 2019.
The outcome showed that a maximum thrips population (5.32/flower) was observed, on
the 04" 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.

6.00 80.00

- 70.00

- 60.00 B Thrips
~ 50.00 —d— Max.T

- 40,00 = Min. T

No. of Thrips

- 3000 Avg-T

—+— RH
- 20.00

—+—RF
- 10,00

- 0.00

Figure 3. Thrips population fluctuation versus weather factors during 2018-19 on Cumulative
basis

Weather factors influence on thrips population

The data (Table 5) revealed 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 relative humidity and rainfall during both years showed negative
and significant correlation with the thrips population with highly significant correlation
with (r) value 0.732 and 0.750 respectively on collective basis. Whereas, non significant
correlation was found with minimum temperature during both years and on cumulative
basis.
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Table 5. Correlation coefficients (r) between thrips population per flower basis on
mungbean, and various weather factors, during 2018 and 2019

Per flower
Weather factors -
2018 2019 Cumulative

Max. temperature (°C) 0.715** 0.747** 0.90**
Min. temperature (°C) 0.413m 0.250 ™ 0.285™
Average temperature (°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**

* = Significant at P < 0.05; ** = Significant at P < 0.01; ns = Non Significant

The weather factors multiple effects on thrips population

The results (Table 6) showed the weather factors multiple effects on per flower thrips
population, during 2018 and 2019. 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 R? value was observed 70.3%, when the effects of all
climate factors on the per flower thrips fluctuation on mungbean was analyzed together
for the year 2018 and the equation was good fitted. In 2019 maximum contribution was
observed by maximum temperature (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 R? 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 regarding the impact of weather factors on thrips
population in mungbean varieties revealed that maximum temperature was the most
important factor which 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 (Table 5).

Discussion

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 confirmatory with Sreekanth et
al. (2002) who reported 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 Kooner and Malhi
(2004) and with Brar et al. (2004) who obtained similar results although they used
different mungbean varieties. The present results are 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
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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.

Table 6. Multiple linear regression model/s along with (R?), regarding the impact of weather
factors, on the per flower thrips population during 2018-19, on mungbean

Regression equation R? 100 R? Perrocleent F value | P value
2018
Y** =0.184 + 0.320 X1 0511 | 511 51.1 | 11.47 | 0.006
Y *=0.484 + 0.610 X1 — 0.368 X2 0541 | 54.1 3.0 5.89 | 0.020
Y*=-0.12 + 0.849X1 - 0.572 X2 + 0.0349 X3 0.555 | 555 1.4 3.74 | 0.054
Y*=154+0.619 X1 - 0.562 X2 + 0.0117 X3 - 0.0376 X4| 0.702 | 70.3 14.8 473 | 0.030
2019
Y** =-0.266 + 0.398 X1 0.558 | 55.8 55.8 | 13.89 | 0.003
Y*=-0.073 + 0.513 X1 - 0.159 Xz 0.568 | 56.8 1.0 6.58 | 0.015
Y*=0.89 + 0.335 X1 - 0.066 Xz - 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

* = Significant at P <0.05; **=Significant at P <0.01; Y, Thrips population per flower;
X, =Maximum temperature (°C); X, = Average temperature (°C); X, = Average relative humidity (%),

and X, = Rainfall (mm)

Sucking insect pest populations fluctuation is significantly influenced by weather
factors (Gogoi and Dutta, 2000; Murugan and Uthamasamy, 2001; Panickar and 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) who
found that maximum and minimum temperature has strongly positive correlation with
thrips population. Our outcomes are in agreement with the findings 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 findings rainfall and average relative humidity has a strong negative correlation
on cumulative basis which confirm the results of the Patel et al. (2013) and Saini et al.
(2017), which 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 agreement
with the results of Akram et al. (2013) who found that with the increase in R.H, thrips
population decreases because R.H has strong negative correlation. Our findings are not
in confirmatory with 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 (Morsello et
al., 2014; Pereira et al., 2007; Semeao et al., 2012). Our findings showed that rainfall
have significant and negative correlation during 2018, 2019 and on cumulative basis
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which is in confirmatory with the finding 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.

Conclusion

The outcomes of the current findings identified various partially resistant cultivars
namely 13TM-04, NM-16 and AZRI-06 against thrips attack. Moreover, to evolve new
varieties these genotypes can be used as a source of resistance by the plant breeders for
breeding programs. 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. The data generated in the present study will be helpful in the
establishment of predictive models of thrips attack on mungbean in relation to weather
factors. 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. Moreover, role of physio-morphological and chemical plant characters on
different mungbean genotypes should be studied.
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