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Abstract

Mustard (Brassica spp.) isamajor oilseed crop in Indiaand is prone to attack by awide range of insect pests throughout
its growth stages, leading to substantial yield losses. Among these, the mustard aphid Lipaphis erysimi (Kalt.), mustard
sawfly Athalia lugensproxima, flea beetle Phyllotreta cruciferae, and painted bug (Bagrada cruciferarumand B. hilaris)
are of major economic importance. This review synthesizes decades of research on the seasonal incidence, population
dynamics, and influencing meteorological parameters of these pests, a ong with the occurrence of their natural enemies.
Studies consistently reved that L. erysimi appears from November to April, with peak activity during January-February
under temperature ranges of 17-24°C and relative humidity between 60-85%. Rainfall exerts variable effects, with light
showersfavouring population build-up and heavy rains causing dislodgement. Mustard sawfly incidence generally begins
in October-December, with optimal devel opment at temperatures between 19-30°C, while fleabeetle populations peak in
February. Painted bugs show seedling-stage damage and activity peakseither in winter or during crop maturity depending
on the species. Natural enemies, particularly Diaeretiella rapae, Coccinella septempunctata, Cheilomenes sexmaculata,
syrphidflies, and lacewings, play avitd rolein pest suppression, with parasitism level soften exceeding 80-90% during late
crop stages. Temperature, humidity, sunshine hours, wind vel ocity, and crop phenology significantly influencesthetiming
and intensity of both pest and predator populations. Understanding these seasonal patterns are critical for developing
timely, ecologically sound pest management strategiesin mustard cultivation.

Keywords: Athalia lugens proxima, Bagrada cruciferarum, Bagrada hilaris, Brassica pests, Coccinella septempunctata,
Diaeretiella rapae, Lipaphis erysimi, Phyllotreta cruciferae, population dynamics

| ntroduction important pest includes mustard sawfly (Athalia
lugensproxima), flea beetle (Phyllotreta cruciferae), and
painted bugs (Bagrada cruciferarumand B. hilaris). The
incidence and severity of these pests are closely linked
to weather conditions such as temperature, relative
humidity, rainfall, sunshine hours, and wind velocity, as
well as crop phenology and sowing time. Understanding
these seasonal patterns is essential for predicting pest
outbreaksand implementing timely, effective management
strategies. In addition to pests, mustard fields harbour a
range of natural enemiesincluding parasitoids, predators,
and entomophagousinsects, which play asignificant role
in suppressing pest populations. The seasonal
abundance and activity of these natural enemiesare also
influenced by climatic factors and pest population
dynamics.This review consolidates findings from
previous studies on the seasonal incidence of major

Mustard (Brassica spp.) is one of the most important
oilseed crops grown in India, occupying a significant
place in the agricultural economy due to its edible oil,
industrial by-products, and rolein crop diversification. It
iscultivated extensively intherabi season acrossdiverse
agro-climatic zones, contributing substantially to the
national oilseed production. However, mustard
productivity is often constrained by a variety of biotic
stresses, among which insect pestsare of prime concern.
The crop ishighly vulnerable from seedling to maturity,
and pest outbreaks not only reduce yield but also
adversely affect oil content and quality. Several insect
pests infest mustard, with the mustard aphid,
Lipaphiserysimi (Kalt.), being the most destructive and
widespread, capable of causing yield losses up to 70-
90% under severe infestation. Other economically
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insect pests of mustard and their natural enemies across
different regions of India. It aims to provide a
comprehensive understanding of pest-weather-crop
interactions to support the development of ecologically
sound, location-specific integrated pest management
(IPM) strategies for sustainable mustard production.

1. Seasonal incidenceand population dynam-
icsof pestsand natural enemies

In rapeseed-mustard ecosystems, the seasonal incidence
of insect pests shows a predictable progression
influenced by prevailing weather conditions. Mustard
aphid (Lipaphi serysimi) typically appears from the last
fortnight of December, with populationsrapidly building
up through January and peaking in February under cool
temperatures and bright sunshine. The population
declinessharply astemperaturesrisein March. Fleabeetle
(Phyllotreta cruciferae) activity also begins in late
December, with infestation level sreaching their maximum
in February, particularly during dry spellswithlow rainfall.
Painted bugs (Bagrada cruciferarumand B. hilaris) are
more prevalent at the seedling stage, with B. hilarisoften
showing activity peaks during October-November and
again in March-April, while B. cruciferarum causes the
most damage during early crop establishment in January-
February. Natural enemies such as parasitoids
(Diaeretiella rapae), coccinellids, syrphid fly larvae,
lacewings, and predatory bugs follow seasonal trends,
with their numbers generally increasing after pest
populations have peaked. This natural build-up during
February-March plays a key role in suppressing pests
towardsthe end of the season. Recognizing these patterns
enables farmers to synchronize monitoring and
management measures, ensuring timely interventionsfor
effective pest control and reduced crop losses.

Mustard aphid (Lipaphiserysimi)

The mustard aphid, Lipaphis erysimi (Kaltenbach), is a
key pest of rapeseed-mustard and other cruciferous crops
inIndia, withitsoccurrence and severity closely linked to
prevailing agro-climatic conditions. The pest’s appearance,
population peaks, and decline have been extensively
documented across different agro-ecological regions,
revealing considerable variability in seasonal dynamics.

Early observations (1950s-1970s)

Narayanan (1958) reported that L. erysimi typically
appears in November and continues to cause severe
damage to cruciferous crops until April. As summer
approaches, rising temperatures induce a decline in
population, accompanied by the development of winged
adults, which are often observed flying during February-

March. Atwal et al. (1971) noted that population
fluctuations were primarily driven by high temperatures
and host plant maturity. Rainfall events caused immediate
population declines, although numbers generally
recovered within a week during spring. Srivastava and
Srivastava (1972) found that the pest reached maximum
abundance at temperatures of 17-18°C and relative
humidity levels of 61-83%. Conversely, Roy (1975)
suggested that population dynamics were largely
independent of temperature and humidity but were
consistently suppressed by rainfall.

Effectsof temperatureand humidity (1980s)

Bakhetiaand Sidhu (1983) demonstrated that fecundity,
lifespan, and reproduction of L. erysimi were adversely
affected by rainfall, temperatures above 30°C, and sub-
zero winter temperatures, with optimal development
occurring between 20-30°C. Singh and Singh (1986)
observed that average maximum and minimum
temperaturesof 25.31°C and 5.15°C, respectively, coupled
with morning and evening relative humidity levelsof 88%
and 28%, were most conducive for aphid development,
regardless of host variety. However, temperatures above
30°C, predation by Coccinella septempunctata, and crop
maturity reduced aphid numbers. Similarly, Ram and Gupta
(1987) found that maximum temperaturesof 21.4-22.8°C,
minimum temperatures of 5.9-7.6°C, and evening relative
humidity between 31.2% and 40.9% favoured popul ation
buildup. Mild showers (~2.0 mm) and cloudy weather
enhanced aphid abundance, whereasheavy rainfal (~10.0
mm) caused significant mortality. Sinha et al. (1989)
recorded initial aphid appearance in the third week of
November, with peak populationsin the second week of
February at maximum and minimum temperaturesof 23.5°C
and 8.45°C, respectively, and rel ative humidity of 74.5%
(morning) and 55.7% (evening). Correlation analyses
indicated non-significant negative rel ationships between
aphid numbers and major weather parameters, although
light rains during the popul ation buildup phase supported
higher infestations.

Weather-linked population trends (1990s)

Ahuja(1990) reported pest appearancein late December,
with peak numbers between 26 January and 1 February,
noting negative correlations with mean maximum and
minimum temperature and sunshine, and positive
correlationswith humidity. Sinhaet al. (1990) found that
January-February temperatures of 21.7-23.5°C (maximum)
and 7.2-9.4°C (minimum), along with relative humidity of
55.7-69.4%, were optimal for aphid buildup, whileactivity
ceased when humidity dropped below 50.9%. Bishnoi et
al. (1992) observed optimum popul ation devel opment at
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10-13.5°C and 72-85% relative humidity, with cloudiness
further enhancing aphid abundance. Rana et al. (1993)
recorded appearance in late December or early January,
with average temperature of 14.12°C and 85% relative
humidity being most favourable. Singh and Rai (1994)
emphasi zed the role of maximum rel ative humidity three
days prior to observation as a key driver of population
increases.

Shrivastavaet al. (1995) linked rapid multiplication during
February to maximum temperature of 15.8-24.7°C and
relative humidity of 61-65%, with rainfal in January-mid-
February enhancing populations, while late-February
rainsreduced them. Samdur et al. (1997) found significant
negative correlations with maximum temperature,
evaporation, sunshine, and wind velocity, and positive
correlations with maximum relative humidity. Optimal
conditions included average maximum temperature of
~23°C, minimumtemperature of ~10°C, 85-88% maximum
relative humidity, 30-35% minimum relative humidity,
sunshine for 4-7 h/day, evaporation of 2-3 mm/day, and
wind velocity of 3.0-4.5 km/h/day. Singh and Malik (1998)
reported pest onset in early January with amid-February
peak, noting negative effects of increasing relative
humidity and wind velocity. Srivastava et al. (1999)
recorded adirect rel ationship between average maximum
temperature and aphid population in B. juncea cv. Varuna.
Sonkar and Desai (1999) showed that delayed sowing
increased aphid abundance and infestation index,
peaking between early January and late February.

Recent observations (2000s-2010s)

Pandaet al. (2000) reported infestation fromthe 52™ to the
14" standard week, peak in the 7" week (~70-day-old crop)
with 602.10 aphids/plant. Sharmaand Yadav (2000) found
that aphid numbers increased with exposure duration up
tothethird week, after which they declined. Timely soraying
at economic threshold levels(ETL) resulted in significant
yield (9.2 g/ha) and profit (* 10,020/ha) gains, alongside
improved oil content (40.6%). Chaudhari et al. (2001)
identified B. carinata as resistant across fertility levels,
whereas B. campestris and B. napus showed varying
susceptibility with increased fertilization. Kulkarni and Patel
(2001) recorded high aphid incidence from early January
to late February, peaking in the first week of February.
Talpur and Kuhro (2004) observed appearance on leaves
in late January and on inflorescences by mid-February,
withinfestation continuing until harvest. Sahito et al. (2016)
confirmed that L. erysimi could persist from seedling
emergence until crop maturity.

Mustard sawfly (Athalia lugensproxima
Klug)

The mustard sawfly, Athalia lugensproxima Klug, is a
serious defoliator of rapeseed-mustard crops in India,
with its seasonal activity, population buildup, and
intensity of damage closely linked to prevailing
temperature and humidity regimes.

Temperatureand humidity requirements

Chaudhary and Bhamburkar (1970) demonstrated that
newly hatched larvae exposed to aternating low and high
temperatures exhibited accelerated development
compared to those maintained at constant high
temperatures. They reported that the most favourable
rangefor both larval and adult devel opment was 10-29°C
at 60% relative humidity-conditions prevailing in Nagpur
from August to February, where temperaturesranged from
9-30°C and humidity from 30-90%. Thakur (1976) found
that optimum multiplication occurred between 19.7-24.8°C
and 62.2-75.0% relative humidity. Verma (1992) further
observed that highest larval populations on toria
occurred when maxi mum temperatureswere between 26.9-
32.1°C and relative humidity ranged from 78-87%in the
morning to 38-40% in the evening. Singh et al. (1993)
recorded optimdl larval development at 19-30°C, with 35°C
proving lethal. Singh and Sachan (1997) confirmed that
25°C was the most suitable temperature for the species,
producing shorter larval periods, higher pupation, and
greater adult emergence. Anonymous (1998) reported that
minimum temperatures of 13.1-15.9°C and maximum
temperatures of 20.0-27.2°C, along with 64% relative
humidity, favoured multiplication.

Seasonal appear anceand peak activity

Bakhetia and Brar (1982) noted that A. lugensproxima
first appearedin October, with maximum damage occurring
during October-November. Manzar et al. (2000) reported
apeak population of 3.4 larvae/plant during 49" standard
week, coinciding with maximum and minimum
temperaturesof 23.8°C and 7.6°C, respectively. Guptaet
al. (2002) s milarly found that temperature of 25.6-7.74°C
and 24.0-14.0°C (maximum and minimum, respectively)
favoured pest occurrence, with lower temperatures
generally conduciveto development. However, humidity
effectswere not clearly established. Bhatt and Bhapodra
(2004) recorded the onset of infestation in December, with
populations fluctuating through the crop season.

Weather influence on population regulation

Therole of weather factorsin regulating A. lugensproxima
populations has been variable. Manzar et al. (1998)



reported negative effects of temperature and rainfall on
sawfly populations, while other studies highlighted
favourable effects of moderate temperature and humidity
onmultiplication (Singh et al ., 1993; Anonymous, 1998).

Damage patternsand crop losses

Ansari and Nagshbandi (2004) observed that crop damage
was significantly higher at early growth stages, with
maximum injury occurring 50-60 days after sowing. They
recorded up to 73.20% damage under favourable
conditions. Thisfinding underscoresthe pest’s potential
to cause severe yield losses when early infestations
coincide with susceptible crop stages.

Flea Beetle (Phyllotretacruciferae)

The mustard flea beetle, P. cruciferae, is a sporadicaly
serious pest of rapeseed-mustard, particularly during the
cooler months of the growing season. Gogoi (1998)
reported that the beetle population began increasing from
thelast fortnight of December, peaking in February. Among
meteorological factors, bright sunshine hours and rainfall
exhibited a stronger association with fluctuations in
popul ation than temperature or relative humidity. Nath and
Saikia (2002) provided detailed biological observations,
noting that mating occurred during morning hours and
lasted 2-18 hours. Theincubation period ranged from 6-9
days, while pre-oviposition, oviposition, and post-
oviposition periods lasted 14-22, 5-6, and 25-32 days,
respectively. Longevity was greater in mated individuals
(44-60daysinfemalesand 36-45 daysin males) compared
to unmated beetles (36-50 daysin femaesand 32-42 days
in males). Seasona abundance trends paraleled earlier
reports, with populations rising from late December and
peaking in February.

Painted Bug (Bagrada cruciferarum and
Bagrada hilaris)

The painted bug complex-B. cruciferarumand B. Hilaris-
is known to attack mustard and other cruciferous crops
at variousgrowth stages. Srivastavaet al. (1972) recorded
B. hilaris infestations in Uttar Pradesh from January to
March, with peak activity in February-March. Singh et
al. (1993) found that B. hilaris remained active year-
round, exhibiting two major peaks: October-November,
coinciding with the seedling stage, and March-April,
coinciding with crop maturity, in both paper and Indian
mustard. Bhatiaand Verma (1994), in astudy on cabbage
pests, identified B. hilaris as amajor speciesin the pest
complex. Rohillaet al. (2003) specifically noted that B.
cruciferaruminfestationstypically occur at the seedling
stage, which can lead to substantial early-season damage
and poor crop establishment.
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Seasonal incidenceof natur al enemiesof mus-
tard aphid (Lipaphi serysimi)

A diverse complex of parasitoids and predators plays a
critical rolein regulating mustard aphid popul ations, with
Diaeretiella rapae (Curtis) (Hymenoptera: Braconidae)
emerging as the most important aphid parasitoid in the
Indian subcontinent. Atwal et al. (1969) conducted
detailed studies on the bionomics and parasitization rate
of D. rapae on Rhopalosiphum erysimi (L.) under
laboratory and field conditions at L udhiana, Punjab. The
parasitoid completed itslife cycle in 6.6-9.5 days, with
egg and larval development inside the host lasting 3-5
days, followed by apupal stage of 3.5-4.5 daysafter host
immobilization. Field observations revealed significant
parasitismof R. erysimi, Myzuspersicae (Sulz.), and Aphis
craccivora (Koch.), with parasitism rates ranging from
15.4% to 97.4%, peaking in early April. In Madhya
Pradesh, D. rapae wasfirst reported by Singh and Rawat
(1981) in 1978, parasitizing L. erysimi. The parasitoid
became active from mid-January, with initial parasitism
rates of ~2%, increasing to over 96% by late February or
early March in consecutive years. A sharp declinein aphid
populations in late February coincided with the
disappearance of both host and parasitoid by mid-March.
Similar seasonal trends were reported for Aphidius sp.,
with parasitism beginning in late January and reaching
80-90% by late February, after which both host and
parasitoid populations declined (Singh & Rawat, 1983).
Predatory coccinellids also contribute substantially to
aphid suppression. Shenmar and Brar (1995) demonstrated
that Coccinella septempunctata (Linn.) and Cheilomenes
sexmacul atus (Fabricius) consumed an average of 380.4
and 304.3 aphids per larva, respectively. Field rel eases of
secondinstar larvae at 1000/haeffectively reduced aphid
populations, with C. septempunctata outperforming C.
sexmaculatus. Parasitization activity generally
commenceswithin 7-10 days after aphid appearance, with
initial rates of 6.86-15.34% increasing to over 94% within
four weeks (Katoleet al., 1998).

Geographical variationin peak parasitization was noted,
with maximarecordedin mid-January at Yavatma (96.63%),
late January at Nagpur (88.17%), and end-January at Tarsa
(60.63%). In north Gujrat, D. rapae and syrphid fly
maggots appeared simultaneously around the 11% week
after sowing, remaining activeuntil crop harvest (Vekaria
& Patel, 1999). Kulkarni and Patel (2001) observed that D.
rapae first appeared on L. erysimi in early February
(11.27% parasitization), increasing to 43.68% by late
February. Populations of C. septempunctata and syrphid
flies peaked in mid-February (2.90 beetles/plant and 1.70
larvae/plant, respectively) before declining towards the
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season’s end. Dogra et al. (2003) reported parasitization
onset inmid-January, with maximum rates (5-10%) occurring
in early March under mean maximum and minimum
temperatures of 22.5°C and 10.3°C, respectively, and 36%
relativehumidity. Singhet al. (2003), inmulti-year surveysin
eastern Uttar Pradesh, found C. septempunctata to be the
most abundant predator (41.97%), followed by Coccinella
transversalis (25.03%), D. rapae (11.78%), Chrysoperla
carnea (7.64%), Menochilus sexmaculatus (6.00%),
Ischiodon scutellaris (3.93%), and Brumoides suturalis
(3.65%). Natural enemies were present by late December
and generally increased until crop maturity, with the
exception of C. carnea and |. scutellaris. Temperature
appearsto beakey driver of predator-prey dynamics. Tal pur
and Kuhro (2004) noted that 16.5-20.6°C favored both aphid
multiplication and theactivity of predetorssuchasC. carnea,
C. undecimpunctata, and C. septempunctata, with their
appearance coinciding with established aphid popul ations.

Seasonal incidenceand natur al regulation of
mustard pestsin Assam

The seasonal incidence of insect pests and their natural
enemies in mustard ecosystems of Assam has been
extensively studied inrelation to weather factors. Mustard
aphid (Lipaphis erysimi) is reported as the most
destructive pest, with peak activity during cool and dry
months, whereas populations decline under high
temperature and humidity (Pradhan et al., 2020c). Surveys
have revealed a diverse assemblage of natural enemies,
including coccinellids, syrphidflies, chrysopids, and the
parasitoid Diaeretiella rapae, which play a significant
role in natural aphid regulation (Pradhan et al., 2020b).
Seasonal fluctuations of both pests and natural enemies
were closely associated with meteorological parameters,
as aso reported in other crops of Assam, where insect
population dynamics were shaped by temperature and
relative humidity (Borkakati et al., 2007; Ahmedet al., 2016;
Begam et al., 2016; Borkakati et al., 2021). Furthermore,
habitat manipulation and ecol ogical engineering have been
advocated as sustainable approaches to enhance natural
enemy activity and reduce pest outbreaks in crucifer and
solanaceous ecosystems (Borkakati et al., 2019a; Borkakati
et al., 2019b). These findings suggest that integrating
wesather-based forecasting with natural enemy conservation
could offer long-term solutions for mustard pest
management in Assam.

Concluson

Understanding the seasonal incidence patterns of major
insect pests and their natural enemies in mustard
ecosystemsiscrucial for developing timely and effective
pest management strategies. The compiled evidencefrom
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various agro-climatic zones of Indiareveal sthat Lipaphis
erysimi remainsthe most destructive pest acrossregions,
with peak infestations generally occurring from late
January to mid-February, coinciding with the crop’s
flowering stage. Likewise, key natural enemies such as
Coccinella septempunctata, Diaeretiella rapae, and
syrphid fliesexhibit synchronized popul ation peakswith
the pest, indicating their significant role in natural
regulation. These insights can guide the precise timing
of interventions, allowing integration of biological control
agents into pest management schedules and reducing
reliance on chemical insecticides. Region-specific
monitoring and forecasting models, coupled with habitat
mani pul ation strategies, hold promise for enhancing the
sustainability of mustard productionin India.
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