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In the present study, an attempt has been made to understand the population dynamics of 
the Hymenis recurvalis in different elevations of Garhwal hills. Light traps were installed 
at three different experimental sites viz. Khadi, (950 m asl) at tropical, Gaza (1450 m asl) 
at sub-tropical and Ranichauri (1750 m asl) in the temperate region. The pest appearance 
was from 27th standard week (first week of July) (1.42-3.90moth/night) up to 46th standard 
week (26th November to 2nd December) (1.60-2.0moth/night). first appearance of adult 
moths (3.90) were recorded at Khadi (tropical), and Gaza (sub-tropical) (1.42) during 27th 
standard week (first week of July) and thereafter, it appeared at Ranichauri (Temperate) 
(2.0) during the 28th standard week (second week of July). It is clear that the moths first 
appeared at lower elevations then spread towards higher elevations. The number of catches 
with highest peak were observed at 24.66 moths/night at Khadi, 30.0 moths/night at Gaza 
and 17.14 moths/night at Ranichauri during 39th the week (September last week) 
respectively, which gradually declined after 40th week and sharply declined from 44th 
week. 
 

 

1. Introduction 
 

Amaranth is believed to have originated from 
Central and South America (Grubben and Slten, 1981) 
where it has been cultivated for more than 8,000 years 
(Obrien et al., 1983 and yarger, 2008). It has now become 
cosmopolitan, (Putnam et al., 1989; Meyers, 1998 and 
Mposi, 1999) and it is now been grown by the large 
number of farmers over the past few decades (Meyers, 
2002). In Uttarakhand state, the grain species i.e. 
Amaranthus hypochondriacus and A. caudatus are mostly 
grown at foot hills to high hills and often intercropped 
with maize, finger millet, barnyard millet and sometime as 
sole crop. No other hilly region in the world has so much 
of area under this crop. The crop is also sporadically 
grown in the Northern plains, Central and Southern India. 
Singh and Thomas (1978) estimated that in the Kullu 
valley of Himachal Pradesh alone it is grown in 890 
hectare while in Gujarat it occupies 120 hectare. 
 
 

________________ 
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In the interior of north-west hills of India under traditional 
farming method it occupies nearly 60% non-irrigated land of 
higher hills (Joshi, 1981). The seeds, besides their well-
known nutritive characteristics, could be a source of 
phenolic compounds of high antioxidant properties (Barba 
de la Rosa et al., 2009). The amaranth grain provides ideal 
amino acids composition for human nutrition. Moreover, the 
high content of Lysine, Arginine and Histidine makes 
amaranth seeds a good dietary supplement for treating child 
malnutrition (Gimplinger et al., 2008). The grains of 
amaranths could be considered either as cereals or legume 
due to the fact that they contain more than 15% protein in 
dry basses (Downton, 1973; Gorinstein, 1999 and Garcia et 
al., 2011). However, one of the greatest limiting factors in 
increasing the productivity of amaranths is the range of 
insect pests with which they are associated and the level of 
losses suffered in unimproved and improved agriculture 
(Banjo, 2007).  
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The caterpillar rolls the leaf into distinctive leaf shelter 
and voraciously feed on the green matter. Severe attack 
results in complete skeletonisation and drying up of the 
leaves within a short time (Navarajan, 2007; James et al., 
2010; Garcia, 2011; Aderolu, 2013 and Mureithi, 2015) 
(plate, 1, 2). The biotic potential of a species is the 
qualitative expression of the capacity of a species to assert 
itself in an environment. In general the population of a 
pest is largely governed by complex of interaction of 
ecological factors both biotic and abiotic. The knowledge 
of population built up of an insect species or group is quite 
helpful in determining the index of injury and screening of 
resistant verities of host plants. Due to variation in the 
agro-climatic conditions of different altitudes, insects 
show varying trends in their incidence pattern and extent 
of damage to the crop. Besides, different weather factors 
also play a key role in determining the incidence and 
dominance of a particular pest or pest species (Meena et 
al., 2013). Available scientific literatures shows that not 
much information is available especially on population 
dynamics and influence of various environmental factors. 
Hence a region oriented study on amaranthus leaf webber 
population dynamics would provide an idea about pest 
spreading in different altitudes and peak period of their 
activity which led to helpful in developing management 
strategies especially in the state of Uttarakhand where the 
grain amaranthus grown by farmers as a cash crop. 

 
Plate 1. Damaged Amaranths crop Due to H. recurvalis. 

2. Materials and Methods 
 

The present investigation was carried out at farmers 
field by the installation of light traps in three different 
locations viz, Khadi (low hill 950m ASL); Gaza (mid hill 
1450m ASL) and Ranichauri (high hill 2200m ASL) in the 
district Tehri Garhwal. The collections were made from 
June to November in two consecutive years. The collected 
adults were preserved after drying in oven at 30 to 350C. 
Observations were also made on the various abiotic factors 
such as temperature (max. mini.), relative humidity and 
rainfall affecting the population of the pest. Each light trap 
was locally fabricated made up of metal GI sheet comprising 
two main sub units i.e. trapping unit (funnel shaped) and 
collection drum. A 20 watt florescent light was used as a 
source of light and fitted about 30 cm. above the funnel. The 
trap was installed 2.0 meter above the ground level so as to 
avoid any short of obstacle in moth’s vision and to attract 
the moths from the longer distance. Each light trap were 
operated every night from dusk (6.00 pm) to dawn (7.00 am) 
and collection of trapped moths were made daily. The 
collected moths were brought to laboratory and counted. 
The seasonal population fluctuation of H. recurvalis was 
carried out on the basis of catches of adults on light trap in 
each location.  
 
Larval population was also studied at three experimental 
sites from the germination to harvesting of crop, similar 
method was followed as adopted by Bhattacherjee and 
Menon, 1964; Sinu et al. 2013, and Sinu et al 2013, to 
estimate the larval population of H. recurvalis in five 
different varieties of amaranth viz. PRA-1, PRA-2, PRA-3, 
Anna Purna and Subharna at weekly interval from 
germination to harvest of the crop. Two methods namely: 
Ground Cloth Shake Method (GCSM) and Visual Count 
Method (VCM) were used. Ten plants were selected 
randomly in each variety and tagged for larval population 
count. In GCS method, white plastic sheet (30 cm) placed in 
one side of the plant and briskly shaken the plants so as to 
dislodge the larvae on to the sheet. The number of larvae 
available on the sheet were then counted in the sheet and 
thereafter released on the same plants. While in VC method, 
the number of larvae was recorded carefully by counting 
them visually on the tagged plants Kausik and Naresh 
(1989). The observations were done randomly every week. 
The meteorological observations viz. temperature (minimum 
and maximum), relative humidity and rainfall were also 
recorded daily at experimental site during study period. 
Standard deviation, standard error and relative variance were 
also studied by following formulae: 
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                                                   √ [x (an observation)-µ (mean)] 2 
(i) Standard deviation (SD)   =               
                                                      n ( number of observations) 

 
                                                              Standard deviation 
(ii) Standard Error (SE)   =           

                                              √   n (number of observations) 
 
                                                                    Standard Error 
(iii) Relative Variance % (RV) =   

                                              √ x (mean no. of larvae/sample   
 

 
Plate 2: H. recurvalis larvae damaging amaranth crop. 
 

3. Results and Discussion 
 

Light trap has often been used in the ecological 
studies of lepidopteran insect pests in agroecosystems. 
However, the light trap in Indian agricultural systems is 
rarely adopted either to monitor the population size or to 
study the migration of moth pests. In the present study, we 
have installed light traps in shaded and unshaded tea 
plantations of North East (NE) India to study (1) the 
species composition, (2) effect of shade on moth pests, (3) 
seasonality of major pests and (4) to learn the sex 
proportion of major pests captured in light traps. 

The two-year catches in light traps suggested for monitoring 
the pest population Sinu et al. 2013. The moths of H. 
recurvalis are nocturnal and are positively phototrophic 
inhabit. The light traps were installed at three experimental 
sites viz, Khadi, (950 m asl) at tropical, Gaza (1450 m asl) at 
sub-tropical and Ranichauri (1750 m asl) at temperate 
region. The light trap experiments were performed 
throughout the year. The pest appearance was observed from 
27th standard week (first week of July) upto 47th standard 
week (26th November to 2nd December). The light traps 
study was the only plan to record the seasonal activity of the 
moths and this was carried out by several workers viz, 
Bhattacherjee and Menon (1963, 1964), Pataki et al. (1975), 
Suzuki (1977) and Delobel and Gutierrez (1981). Physical 
factors like temperature, relative humidity (%) and rainfall 
(mm) were observed leading to epidemic of this pest and 
recorded more responsible for the population build up in 
amaranth crop. Hemlatha and Pai (2009) also reported that, 
the minimum temperature played significant role in the 
population build up of a pest. The adult population of moths 
started their appearance at dusk at around 7pm and hide in 
their sheltering places such as grasses, cracks of walls and 
concealed places of houses, sometimes hides under the crop 
during day time. Initially few months were observed 
attracted towards light during first hour light trap operation 
at dusk. This was followed by gradual increase in number of 
moths attracted towards light. Maximum number of moths 
attracted in between 8pm and 10pm. Miyahara (1990) 
reported that adults of this pest take off within half an hour 
of sunset. The moths showed considerable distribution 
pattern in different phyto-geographical strata during the 
study period in district Tehri Garhwal Bisht et al. (2005). It 
was clear from the fig. 1-4, that the first appearance of adult 
moths (3.90, 1.42/night) were recorded at Khadi (tropical), 
and Gaza (sub-tropical) during 27th standard week (first 
week of July) and thereafter, it appeared at Ranichauri 
(Temperate) (5.99) during 28th standard week (second week 
of July). 
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It has been clear from the fact that the moths first appeared 
at lower elevations then at higher elevations. It was also 
observed from the field the sowing pattern of amaranth in 
Uttarakhand state was also same from low hill to higher 
elevations. The outbreak of pest first in low hill was 
positively correlated with rising of temperature and 
availability of host plants. Amongst the different weather 
factors affecting the population of the pest, the minimum 
temperature was the most dominant factor. Higher 
temperature, rainfall, increased relative humidity and 
availability of host plants favoring pest population 
Borgohain et al. (2015). The number of catches with highest 
peak were observed 24.66 moths/night at Khadi, 30.0 
moths/night at Gaza and 17.14 moths/night at Ranichauri 
during 39th week (September last week), which gradually 
declined during 40th week and sharply declined from 44th 
week in catches of moths /night. The present investigation 
revealed that, population of the pest (no. of moth 
trapped/night in light trap and no. of larvae collected from 
plant) was found lowest during July (3.90 moth and 2.42 
larvae), which maintained a gradually increasing trend 
recording (26.92 moth/night and 32.51/larvae/plant) highest 
in the month of September. Thereafter, the population 
declined steadily October onwards and recorded lowest in 
46th standard week with lowest catches of moth 1.60/night 
and 5.70 larvae/plant. During the month of July (27th week) 
the minimum temperature ranged in between 15.340C to 
18.700C, Relative humidity was recorded 61.55-86.21% and 
rainfall ranged 7.67-22.36mm. The average number of 
moths gradually decreased and disappeared first at higher 
elevation i.e. Ranichauri during 43rd week (1.21) then at 
middle elevation i.e. Gaza and Khadi (2.0, and 1.60 
moth/night) in 46th week. kharif season crop (especially 
amaranth) started to ripen earlier (15d) in high hill 
(Ranichauri 2200m asl) in comparison to low hill 
(Gaza1450m asl, Khadi 950m asl). 

It has also been clear from the fact that with increase in the 
elevation (from Khadi to Ranichauri) caused decrease in the 
duration of Kharif crop ripening and vice and versa. Moths 
were found active between July to November and checked by 
the onset of hot dry weather, which continues until the end of 
June. This was supported by Bhattacherjee and Menon (1964), 
Pande (1973), Miyahara (1990). The maximum catches were 
found during 34th week, when the minimum, maximum 
temperature, relative humidity and rainfall were recorded 
15.16 to 23.300 C, 76.09 %, 1.60 mm at Khadi, 14.52 to 23.960 

C, and 86.63 %, 1.60 mm at Gaza and 11.78 to 21.910 C, 87.21 
%, 8.80 mm at Ranichauri. The pest disappear first at 
Ranichauri (high altitude) during 43th week, when the 
temperature (mini. Maxi.), relative humidity and rainfall were 
recorded 6.08 to 18.900 C, 69.0% and nil rainfall respectively. 
The disappearance followed at Gaza, khadi (mid and low hill) 
during 47th week at temperature (mini, maxi), relative 
humidity, rainfall recorded 5.07 to 18.200 C, 55.5%, nil 
rainfall, 4.29 to 15.120 C, 65.60% and nil rainfall respectively. 
Sharp decline during the month of December 2004 to June 
2005, exhibited no activities caused their outright absence. 
This was due to over wintering of moths caused by extreme 
low temperature and absence of suitable host plant. The moths 
thus showed considerable distribution pattern not only due to 
different abiotic factors but also due to different 
phytogeographical strata Bisht et al. (2005). Borgohain, 2015 
studied the population dynamics of mulberry leaf webber in 
context to environmental factors and observed that the 
minimum temperature increased, the abundance of the pest 
population went up proportionally. Evening relative humidity 
was also showed positive significant correlation with the pest 
population. Chauhan et al. (2000) studied the population of G. 
pyloalis in plains and hills of tarai region, India observed that 
pest population increased in the month of March and peaked 
during September. Kant and Kumar (2007) observed 

Fig. 1 Population dynamics of H. recurvalis  moth district Tehri Garhwal
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infestation of another pyralid, D. pulverulentalis 
predominating during the month of August, September 
and October in Doon valley. Patil (2013) in Kerala 
observed that gradual decline in insect population from 
November onwards with the drop of temperature and 
relative humidity. The decreasing trend in light trap 
catches (after the peak period i.e. last week of September) 
at all the three experimental sites indicate that most of the 
moths had emerged out of the soil before the end of 
September. The moths are highly susceptible to hot and 
dry weather and appeared mostly around the middle of 
July all over the Japan which scarcely seen from the 
spring to early summer. It was also observed that moths 
appear increasingly from summer to the autumn and 
annual changes in number were fairly conspicuous.  They 
cannot survive during winter even in the southern most 
part of Japan because they have no hibernation stage and 
were less tolerant to cold temperatures (Yamada and 
Koshihara 1976, Yamada et al. 1979. Miyahara (1991, 
1993) observed that the adults of H. recurvalis were 
observed emerging until mid October in 1988 and until 
late October in 1989 after which no more adults emerged. 
The number of adults suddenly increasing to a total during 
8-10 June.  

Aderolu et al. (2013) observed that the relationship between 
weekly average abundance of H. recurvaslis and weather 
parameters during rainy and dry season the moth population 
was not significantly (P>0.05) different and the highest 
mean population 68.75±0.274  and 68.15±0.651 was 
recorded at third week after planting in rainy and dry season 
respectively. Ghirtlahre et al. 2015 studied the effect of 
weather parameters on seasonal incidence of Sapota leaf 
webber.   
 

4. Co-efficient correlation between abiotic factors 
and adult population 
 
4.1 Effect of temperature  
 
It has been observed that the peak period of moths at an 
average minimum temperature ranged between 15.4-17.80 C 
and maximum 20.0-23.00 was found most favorable to 
increase the population. From the co-efficient correlation 
study point, the minimum and maximum temperature was 
found positively and significantly correlated with the moth 
population at all three experimental sites with the ‘r’ values 
of 0.411, 0.210, 0.311 for maximum and 0.362, 0.265, 0.133 
for minimum temperature.  

Fig. 2 Population dynamics of H. recurvalis  larvae at district Tehri Garhwal
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4.2 Effect of relative humidity 
 
As the results indicated that pest appearance was greater at 
the relative humidity ranged between 87.0 to 93.0 per 
cent. The relationship between pest appearance and 
relative humidity was positively correlated with the ‘r’ 
values of 0.237, 0.143 and 0.175 at all three experimental 
sites.  
 
4.3 Effect of rainfall  
 
No significant positive relationship was observed with the 
rainfall and adults population. The relationship between 
pest population and rainfall was negatively correlated at 
all three sites i.e. 0.145, -0.178 and -0.167 (Table. 1). 
Bhattacherjee and Menon (1964) observed large moth 
numbers from July to October at the temperature and 
relative humidity ranged 20-300C and 40-50 per cent 
respectively. As the severity of winter increases their 
numbers gradually dwindles and they become very scarce 
in January and February at the temperature ranged below 
100C and relative humidity ranged below 30 per cent. 
Yamada et al. (1979) observed that the larvae and pupae 
of this pest died of cold in autumn in temperate region of 
Tokai and pest was not able to over winter in Japan. Shirai 
(2006) worked on the adult survivality and flight capacity 
and observed that the range of 17-230C was likely optimal 
for long duration flight.  
 
4.4 Larval population     
     
Larval population of H. recurvalis was observed at all 
three experimental sites from 27th standard week to 46th 
standard week.  The data presented in the fig-1-4 revealed 
that the first appearance of larvae on amaranthus crop was 
simultaneously at Khadi and Gaza (low hill, mid hill) 
during 27th week. 

At khadi and Gaza, the pest incidence was from 27 DAS 
(Days After Sowing) and continued upto 134 DAS. But at 
Ranichauri, the leaf infestation begin from 34 DAS and 
persist upto 99 DAS. The larvae showed maximum peak 
during 34th week (77 DAS) at all three experimental sites i.e. 
Khadi, Gaza and Ranichauri. Thereafter, the larvae 
gradually decreased in number and disappeared during 47th 
week only at Khadi and Gaza. But at Ranichauri the trend of 
disappearance occurred during 43rd week only. Jena et al. 
(2001) observed that the leaf webber (Pachyzancla stutatis) 
of grain amaranthus showed its highest population peak at 
90 DAS, after which it declined. The larvae showed 
maximum peak during 34th week at all three experimental 
sites at temperature ranged (mini. maxi) 14.95-17.81, 22.44-
26.860C, relative humidity ranged 87.50-91.35 per cent and 
rainfall ranged 0.50-6.22 mm. The larvae gradually 
decreased in number and simultaneously disappeared during 
47th week at Khadi (tropical) and Gaza (sub-tropical) at 
temperature ranged (mini. maxi) 4.29 0C-5.27 0C, relative 
humidity 55.50-65.60 % and rainfall 0.0-0.5 mm. But at 
Ranichauri, the same trend of decreasing of larvae occurred 
except disappearance, which was recorded during 42nd week. 
Figueroa (2003) observed that population density of S. 
recurvalis larvae were directly related to the population 
density of weed (host). The Larval population was 
significantly higher in the days of autumn than in winter. In 
the town of Juana Diaz revealed that the number of larvae of 
S. recurvalis was higher in the month of October and May. 
In all other months’ population remained more or less 
constant. In the month of February is the shortest collected 
number of larvae per stem. In the town of Santa Isabel was 
observed more in larvae September and October and then 
declined in November and December, increasing very little 
in January and February to decline in March, April and May 
Hajare et al. (2012) studied the infestation in chiku moth 
Nephoptery xeugraphella recorded that the larval population 
was minimum in first and second week of May, 

 

 

Fig.4 Larval population on different standrad weeks 
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it increased gradually and reached peak in the second 
week of September and then dropped down gradually. 
Larval population had significantly negative correlation 
with maximum temperature, while the morning relative 
humidity, evening relative humidity and rainfall were 
found favorable for pest population in the field.   The 
larvae were collected by two sampling methods viz. 
Ground Cloth Shake Method and Visual Count Method in 
between 28th to 42nd week. The larval counts were made in 
five varieties of amaranths namely: PRA-1, PRA-2, PRA-
3, Subharna and Anna Purna. The average data were 
obtained from ten randomly selected amaranths plants. 
From the fig. 1-4, it was revealed that maximum larval 
population was noted 923.82 by VCM followed by 668.21 
by GCM in all varieties of amaranths. Larval population 
by VCM was obtained higher i.e. 194.61, 189.07, 185.00, 
178.30 and 178.84 in PRA-1, PRA-2, PRA-3, Subharna 
and Anna Purna respectively. These values were observed 
quite higher than the values i.e. 137.54, 134.37, 131.89, 
135.89 and 128.52 obtained from the above same varieties 
of amaranths by GCSM. Kausik and Naresh (1989) 
reported that GCSM was more efficient and accurate than 
the VCM for sampling the Heliothis armigera in chekpea. 
In the present study, VCM was more feasible for sampling 
of H. recurvalis larvae on amaranths. The larvae of this 
pest feed on epidermal layer of leaf by webbing of silvery 
silken thread secreted by the larvae and sometimes two-
three adjacent leaves also found tide up together. Due to 
this typical feeding habit, was somewhat difficult to 
dislodge the larvae on the sheet by GCSM. The larval 
population was recorded highest during 34th standard week 
in all the varieties of amaranths by both methods. 
 
Table 1. Correlation matrix of weather parameters with  
H. recurvalis moth catches 

Meteorological 
parameters 

Ranichauri Gaja Khadi 

2004-05 2004-05 2004-05 
Temp (Max 0C) 0.311 0.210 0.411 

Temp (Min 0C) 0.133 0.265 0.362 
RH (%) 0.175 0.143 0.237 

Rainfall (mm) -0.167 -0.178 -0.145 
 

5. Co-efficient correlation between abiotic factors 
and larval population  
 
5.1 Effect of temperature  
  
It has been observed that peak larval population at an 
average temperature ranged between minimum 14.95-
17.810C and maximum 22.44-26.860C, the satter was 
found most favorable to increase the larval population. 
 

 

From the co-efficient correlation studies the temperature 
was found positively and significantly correlated with the 
larval population at all three experimental sites with the ‘r’ 
values of 0.1490, 0.30051 and 0.2774 for maximum and 
0.3122, 0.38037 and 0.40121 for minimum temperature. 
 
5.2 Effect of relative humidity 
 
The larval population was maximum at relative humidity 
ranged between 87.56 to 91.35 per cent. The relationship 
between this pest appearance and relative humidity was 
observed positively correlated with the ‘r’ values of 0.4723, 
0.4725 and 0.4651 at three experimental sites.  
 
5.3 Effect of rainfall 
 
There was no significant positive relationship of rainfall 
with larval population. The relationship between larval 
population and rainfall was found to be negatively correlated 
at all three sites i.e. -0.692, -0.2087 and -0.4058 (Table. 2). 
Jena et al. (2001) reported that larval population of 
amaranthus leaf webber was found maximum at 90 DAS. He 
further pointed out that simple correlation co-efficient 
studies between meteorological parameters and leaf 
infestation due to leaf webber on var.  SKN-7  indicted  that  
maximum  temperature 
 (-0.404), minimum temperature (-0.333), mean temperature 
(-0.374) and relative humidity (-0.143) were negatively and 
non-significantly correlated with leaf infestation.  
 
Table 2. Correlation matrix of weather parameters with H. 
recurvalis larvae. 

Meteorological 
parameters 

Ranichauri Gaja Khadi 

2004-05 2004-05 2004-05 
Temp (Max 0C) 0.1490 0.30051 0.2774 

Temp (Min 0C) 0.3122 0.38037 0.40121 
RH (%) 0.4723 0.4725 0.46510 

Rainfall (mm) -0.692 -0.2087 -0.4058 
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