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Executive Summary
Executive
Summary

Climate change in terms of increase in atmospheric
carbon dioxide and temperature has impact on agriculture
including insect pests that minimize the crop yields. Species
of aphids are diverse and ubiquitous but their importance
among crops differs. The direct and indirect effects of elevated
carbon dioxide (eCO2) and elevated temperature (etemp)
on various aphid life history parameters viz., development
time, fecundity and total life cycle that reflect the change in
growth and development of aphids reveal complex effects
of temperature and CO2 on plant-aphid interactions. While
host mediated indirect effects of eCO2 on aphids range from
reduced development times of different instars that results
in larger populations to no negative impact, higher as well
as reduced growth rates with high temperatures indicated
specificity associated with species and the host plants.
Host and species specific outbreaks of aphid population as
a consequence of increased fecundity have been common.
Induced aphid migration/dispersal due to increased alates
aggravating the crop damage and spread of plant viruses
under the climate change are reported. Life table parameters
viz., intrinsic rate of increase (rm), net reproductive rate (Ro),
finite rate of increase (λ) and generation time (GT) are all
influenced by the eCO2 and etemp. While Rhopalosiphum
padi and Myzus persicae had only slightly increased rm,
Brevicoryne brassicae had the highest rm under eCO2.
Substantial variations of life table parameters viz., increase
in rm, Ro and λ with reduced generation time under eCO2 and
etemp conditions indicate the significant role of host plant and
temperature. Impact studies of climate change on tri-trophic
interactions are meager with period. However evidences of
positive and negative influences exist. Continuous vigilance
is needed on the climate change effects on the viruses
transmitted by the aphids than their direct damage.

Executive Summary
Executive
Summary

Several experiments were conducted at CRIDA to
understand the impact of eCO2 on Aphis craccivora on
cowpea and groundnut. Results showed that host plant and
aphid species were significantly and positively influenced
by eCO2. The mean fecundity, mean relative growth rate
of aphids increased with decreased development time and
longevity at eCO2 on both cowpea and groundnut. Higher
number of alate aphids was recorded under eCO2 than the
ambient and was more evident during 3-5 generations.
Prolonged longevity, lower host plant nutrition and
overcrowding caused by higher fecundity might have been
the factors for higher production of alate forms under eCO2.
The biochemical analysis of crop foliage indicated decreased
nitrogen content and increased carbon with increased C:N
ratio at eCO2.
Temperature and CO2 which are the major aspects
of climate variability and climate change influenced the
life table parameters of A. craccivora. Increased thermal
requirement of A. craccivora on peanut during future
climate change period is noted. Prediction of pest scenarios
based on PRECIS A1B emission scenario for eleven peanut
growing locations of the country during Near Future (NF)
and Distant Future (DF) climate change periods shows that
increased ‘rm’ and ‘λ’ with varied ‘Ro’ and reduced ‘T’. It is
estimated that pest incidence would be higher in the future
climate change periods. Further investigations are required
to get the complete comprehension of confounding effects
of climate change on pest incidence albeit temperature and
CO2.

Impact of elevated CO2 and temperature on aphids

1. Introduction
Climatic models predict 1.7-4.9°C increase in mean global temperature from
1990 to 2100. The increase in temperature between the periods of 1850-1990 and
2003-2012 is 0.78 (0.72 to 0.85) °C. The increase in the amount of atmospheric
CO2 will be about 40% compared with pre-industrial levels of 280 ppm (IPCC,
2013). Climatic variability together with increase in atmospheric carbon dioxide
and temperature has lot of implications in agriculture sector. Climate change
affects agriculture through changes in (i) average temperatures, rainfall, and
climate extremes (e.g., heat and cold waves), (ii) insect pests and diseases, (iii)
atmospheric CO2 and ground-level ozone concentrations, (iv) nutritional quality of
foods and (v) sea levels (Hoffmann, 2013). Climate change could increase the risk
of food insecurity for poor and vulnerable groups of human population. The impact
of climate change on agriculture could threaten food and livelihood securities
of much of the agrarian population. Climate change can affect crop yields (both
positively and negatively) and alter the type of crops that can be grown in certain
areas by impacting natural resources such as water for irrigation and amount of
solar radiation that affect plant growth besides influencing the prevalence of pests
on crops.
Elevated atmospheric CO2 (eCO2) concentration influences the crop growth by
altering photosynthesis (Norby et al., 1999; Stitt and Krapp 1999; Ainsworth and
Long, 2005), shoot root ratio (Rogers et al., 1996; Madhu and Hatfield, 2013), leaf
area (Sun et al., 2013), biomass (Prasad et al., 2005; Gregory et al., 2009), stomatal
conductivity (Bunce, 2004), C:N ratio (Hughes and Bazzaz, 1997; Hunter, 2001;
Gutierrez et al., 2008), increased carbon (Gutierrez et al., 2008) and decreased
nitrogen (Dixon et al., 1993). Changes in plant N concentration, and C: N ratio
affects the quality and quantity of food available to insect herbivores (Chen et al.,
2007).
Elevated atmospheric CO2 levels have negative impacts on the performance
of insect herbivores, in general often termed as host mediated or indirect effects.
Reduced food quality leads to an increase in crop damage when herbivore insects
prefer to have compensatory feeding by consuming more quantity of plant tissues
(Coll and Hughes, 2008). Individual insect species responses to eCO2 vary:
consumption rates of insect herbivores increase although this does not necessarily
compensate fully for reduced leaf nitrogen. Majority of experimental findings under
eCO2 suggested that aphids can proliferate in a huge number, and become more
serious to cause significant damage in crop plants (Cannon, 1998). Aphid responses
to eCO2 tested frequently have been “species-specific” and are negative or positive
or neutral (Bezemer and Jones, 1998; Hughes and Bazzaz, 2001).
1
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Increase in atmospheric temperature resulted in reduction in survival and increase
in developmental rate resulting in more generations and thus more crop damage
per year. Fewer studies show that warmer areas would be favorable for growth
in insect populations that insect species would undergo rapid population growth
through higher reproduction rates due to higher metabolic rates. Most of the studies
indicate insect pests becoming more abundant with elevated temperatures through
a number of inter-related processes such as range extensions and phenological
changes, as well as increased rates of population development, growth, migration
and over-wintering (Forno and Bourne, 1986), but can also facilitate success by
shifting the geographic ranges in which plants and insects experience suitable
thermal minima and maxima (Lu et al., 2013; Allen et al., 2013). Temperature
is the most important abiotic factor affecting development and reproduction of
aphids although geographically separated populations of aphids may differ in their
response to temperature (Campbell et al., 1974). Temperature influences both aphid
development and mortality rates (Summers et al., 1984) and the knowledge of the
effects of temperature on various parameters of aphids is essential to investigate
aphid population dynamics.
Increase in temperature and eCO2 significantly influence the crop growth and
in turn affect the insect herbivores both directly and indirectly. Knowledge of the
insect response to changes in the environmental variables can provide valuable
information for pest management and chemical applications. It is well known
that deleterious effects on insect performance (oviposition rate, mortality, growth
and developmental time) would be at increased/reduced temperatures. Effects of
temperature and CO2 on insect performance can be direct by changing insects
behavior or indirect by changing the host nutritional quality resulting in changes
of feeding behavior (Stiling and Cornelissen, 2007). Though it is known that the
increase in temperature will have a greater effect on insects than the rising CO2
concentration (Harrington et al., 2001), the interactive and combinational effect of
both parameters is more evident. The complex effects of temperature and CO2 on
plant–aphid interactions based on modelling indicates that aphid populations will be
most likely to respond positive to enhanced CO2 if their N requirements are low and
they are insensitive to crowding (Newman et al., 2003). Greater understanding of
these dynamics will be essential for understanding plant responses to future climate
conditions. Two key variables, eCO2 and etemp influence plant–insect interactions
(Robinson et al., 2012: Stiling and Cornelissen, 2007). The effect of eCO2 is to
decrease host plant quality, particularly through increases in C:N ratio (Bezemer
and Jones, 1998; Coviella and Trumble, 1999; Hunter, 2001) and such reductions
in plant quality have been shown to increase insect feeding rates to compensate for
nutritional deficiencies (Hughes and Bazzaz, 1997).

2
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2. Status of theme - Impacts of eCO2 and etemp
The impact of eCO2 on insect herbivore and host crop interactions is significant
and mostly of host mediated in nature. The meta-analysis of published information
(Srinivasa Rao et al., 2012; Robinson et al., 2012) on impact studies including
majority of insect parameters designated that the influence was substantial (Coviella
and Trumble, 1999) and indirect (Hunter, 2001). The eCO2 influences homopteran
insect pests (Williams et al, 2003) and lepidopterans differently (Holopainen and
Peltonen, 2002; Srinivasa Rao et al., 2014). Earlier reviews by Newman, 2005
showed that homopteran insect pests are positively influenced by eCO2. The
information on various aphid parameters viz., development time, fecundity and total
life cycle which are measured to understand the change in growth and development
of aphids under eCO2 and etemp conditions was examined and the summary of
findings was reviewed and presented here under.
2.1 Development time
In case of phloem-sucking insects i.e., aphids, development time is considered
as time duration between small nymph to late age nymph stage though different
authors have used terms like nymphal period, nymphal duration and developmental
duration. Different development stages of A. craccivora is given hereunder.
Developmental stages of A. craccivora
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Impact of eCO2
Aphids have species-specific responses to eCO2 and are the only feeding
guild to respond positively to eCO2. In majority of studies reduction or shortened
development time of aphids under eCO2 was mentioned. Aphids are able to overcome
the disadvantages of the indirect effects of eCO2 by reducing development times
under eCO2 conditions (Sun and Ge, 2011) viz., A. gossypii in cotton, (Gao et al.,
2008). The reduction of DT also varied among different instars of aphids. The
eCO2 reduced the development time of Rhopalosiphum maidis on barley (Xie et
al., 2014). A few studies also showed that increased development time or no effect
on aphids (Awmack et al.,1996) though these are species and age specific. The
implication of reduction of DT indicates that increase in aphid performance could
lead to larger populations of aphids in a future eCO2 environment (Awmack et al.,
1997) (Table 1). It is understood that major source of variation in development time
of aphids is due to host plants used as food source and the impact of eCO2 is indirect
and mainly attributed to less nitrogen availability (Coviella and Trumble, 1999;
Hunter, 2001).
Impact of etemp
Majority of studies on impact of etemp on growth and development of insects
including Homopterans showed that the direct effect of temperature is greater than
that of eCO2 (Finlay and Luck, 2011). Temperature and food quality are important
factors which determine the DT of aphids. Aphids are physiologically sensitive to
temperature and their development rate highly responsive to change in temperatures
(Lange et al., 2006). The shortened (Mohammad, 2010) and prolonged DT (Islam
and Chapman, 2001; Satar et al., 2005; Mehrparvar and Hatami, 2007) of aphids
at increased temperature conditions was obvious. Some studies also mentioned the
divergent response of aphids to etemp indicating the reduction of development rate
and with extended DT and higher development rate with reduced DT (Hirano et al.,
1996). The development rates of Drepanosiphum acerinum, D. platanoides over
a range of temperatures (6-20oC) were the same but in case of Drepanosiphum
acerinum significantly higher growth rate was at high temperatures showing the
species specificity (Wellings, 1981) (Table 1).
Interactive effects eCO2 and etemp
Only a few studies are available on the impact of eCO2 and etemp concurrently
on aphid population. The interactive effect of these two factors is complex and
confounding in nature and in some cases the temperature is found as dominant
factor while in other cases the influence of eCO2 is also found to be very significant
and mostly species specific (Sun and Ge, 2011). The development time varied with
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Sitobion avenae

Aulacorthum Solani

Aulacorthum solani

Aphis craccivora

Rhopalosiphum padi

Rhopalosiphum padi

Aphis gossypii

Aphid sps

Brevicoryne brassicae

Rhopalosiphum maidis

Grain aphid

Foxglove aphid

Foxglove aphid

Groundnut aphid

Bird cherry-oat
aphids

Bird cherry-oat
aphid

Cotton aphid

Aphid

Cabbage aphid

Corn leaf aphid

Metopolophium dirhodum
Rhopalosiphum padi
Macrosiphum avenae

Drepanosiphum acerinum,
D. platanoides

Cereal aphid

Sapling sycamore
aphid

etemp

Brevicoryne brassicae

Scientific name

Cabbage aphid

eCO2

Common name

Insect species

Sycamore

Cereals

Barley

Cabbage

Various crops

Cotton

Spring wheat

Spring wheat

Groundnut

Tansy

Bean

Winter wheat

Hairy bitter cress

Common name

Acer pseudoplatnus

Cereals

Hordeum vulgare

Brassica oleracea

Various crops

Gossypium hirsutum

Triticum aestivum

Triticum aestivum

Arachis hypogaea

Tanacetum vulgare

Vicia faba

Triticum aestivum

Cardamine hirsuta

Scientific name

Host plant
Effects

No effect in development rates range of temperatures (6-20oC)

Decreased development rate

Reduced DT of fourth-instar
nymph

Reduced DT, higher
survivorship, aphid population
outbreaks

Reduced DT

Reduced DT

Shorter nymphal period

No effect on nymphal period

Reduced DT due to less N
availability in foliage

Shorter DT, larger populations
of aphids in a future

No difference in DT

No effect on DT

Reduced DT

Table 1: Impact of eCO2 and etemp on growth and development (DT) of aphids

Wellings, 1981

Dean, 1974

Xie et al., 2014

Alireza et al., 2012

Sun and Ge, 2011

Gao et al., 2008

Xing et al., 2003

Zhang et al., 2003

Coviella and Trumble,
1999; Hunter, 2001

Awmack et al.,1997

Awmack et al., 1997

Awmack et al.,1996

Smith, 1996

Reference
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Diuraphis noxia

Hyperomyzus lactucae

Macrosiphum avenae

Aphis gossypii

Aphis glycines

Brevicoryne brassicae

Metopolophium dirhodum

Brevicoryne brassicae

Aphid sps

Dysaphis plantaginea

Rhopalosiphum padi

Macrosiphum rosae

Aphis gossypii

Aphid sps

Rhopalosiphum maidis

Sowthistle aphid

English grain aphid

Cotton aphid

Soybean aphid

Cabbage aphid

Rose grain aphid

Cabbage aphid

Aphid

Rosy apple aphid

Bird cherry-oat
aphid

Rose aphid

Cotton aphid/Melon
aphid

Aphid

Corn leaf aphid

Scientific name

Russian wheat aphid

Common name

Insect species

6
Barley

Various crops

Cucumber
Cotton

Hordeum vulgare

Various crops

Cucumis sativus
Gossypium hirsutum

Rosa indica var.

Brachiaria ruziziensis

Signal
grass
Rose

Malus domestica

Various crops

Brassicae oleracea
var. Capitata

Triticum aestivum

Brassicae oleracea
var. Capitata

Glycine max

Gossypium hirsutum

Triticum aestivum

Sonchus oleraceus

Triticum aestivum

Scientific name

Apple

Various crops

Cabbage

Spring wheat

Cabbage

Soybean

Cotton

Winter wheat

Sowthistle

Wheat

Common name

Host plant

Reduced DT

Xie et al., 2014

Aleosfoor and Fekrat,
2014

Mohammad, 2010

Shortened DT
Duration of total pre-adult
stages reduced at etemp

Mehrparvar and Hatami,
2007

Auad et al., 2009

Graf, 2006

Lange et al.,
2006

Satar et al., 2005

Ma et al., 2004

Islam and Chapman,
2001

Hirano et al., 1996

Van Steenis and
Khawass, 1995

Kieckhefer et al.,1989

Sheng and Hughes, 1987

Aalbersberg et al., 1987

Reference

Longest DT

Decreased DT

Decreased DT

Shortened DT - developmental
rate high

Prolonged DT

Decreased DT

Prolonged development time

DT of adult decreased with
increasing temperature up to
27°C

Reduced DT

Prolonged DT (developmental
rate appeared to slow)

Longer DT

Decreased DT

Effects

Impact of elevated CO2 and temperature on aphids

Impact of elevated CO2 and temperature on aphids

the stage of instars and same was noted by Xie et al., 2014 specifying that DT
of fourth-instar nymph was reduced at etemp of 4oC and 700-750 l/liter of eCO2
which in turn reduced the overall duration of nymphal stages of corn leaf aphid,
Rhopalosiphum maidis. Shorter DT with rising temperatures of Rhopalosiphum
padi and contradictory response to eCO2 were observed by Finlay and Luck, 2011.
A generalist aphid species, Myzus persicae responded directly to etemp with
reduced DT where as Brassicae specialist, Brevicoryne brassicae was less affected
(Himanen et al., 2008).
Succinctly the information on interactive effect eCO2 and etemp on DT of
aphids specified the reduction or shortening of development time at both eCO2 and
etemp conditions though the effects are found to be species specific and host crop
dependent. The reduction of DT indicates the shortening of nymphal duration of
aphids and thus development of matured adults will be faster at eCO2 and etemp
conditions.
2.2 Fecundity
Fecundity is the innate capacity of an individual to produce offspring. The
published information on impact of eCO2 on progeny production of sap sucking
insects shows that aphids are the only insect herbivores that show positive responses
to eCO2 (Sudderth et al., 2005). The reduction of DT with increased fecundity of
aphids was opined by several authors under eCO2 and etemp conditions designating
the major apprehension of climate change scenarios that more abundant population
will attack the crops (Awmack et al., 1997).
Impact of eCO2
Increased fecundity of aphids was noted though it is found to be species and
host specific and in some cases with the reduction of progeny production. It is more
likely that phloem-sucking insects (aphids) are able to overcome the disadvantages
of the indirect effects of eCO2 by increasing fecundity under eCO2 conditions (Sun
and Ge, 2011). Awmack et al., (1996 & 1997) proved that aphids (Sitobion avenae)
started reproducing earlier and the fecundity was higher at eCO2. The daily rate of
production of nymphs (Aulacorthum Solani) was increased by 16% on beans while
the rate of production was not affected on tansy showing the host specificity. This
increase in aphid performance could lead to larger populations of aphids in future
eCO2 environment.
The fecundity of Rhopalosiphum padi under eCO2 was far larger than the
one under aCO2 (David and Mark, 2002; Zhang et al., 2003). Similar response
of increased fecundity was noticed in case of A. gossipii, on cotton (Chen et al.,
2005), M. persicae on wheat and rapeseed (Oehme et al., 2011) and A. craccivora

7
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on cowpea (Srinivasa Rao et al., 2013). Elevated future CO2 concentrations will
enhance aphid population outbreaks (Alireza et al., 2012) as a consequence of
increased fecundity (Awmack et al., 1996) and longer settling times (Smith, 1996).
The direct effect of CO2 on aphid population parameters was negligible, although
adult fecundity tended to increase (Alireza et al., 2012). Consistency was not
noticed with respect to the reduction of fecundity of aphids under eCO2 conditions.
Docherty et al., (1997) reported reduced fecundity of Phyllaphis fagi on beech and
sycamore saplings, and possibly other plants as well.
Divergent trends were not uncommon between two aphids viz., Brevicoryne
brassicae reared on cabbage produced significantly reduced offspring at eCO2,
whereas increased trend for M. persicae on the same host and no response on
Senecio vulgaris (Bezemer et al., 1999). Similar different responses were noticed
by Awmack et al., 1997 with potato aphid, Aulacorthum solani and Awmack et al.,
2004 with Cepegillettea betulaefoliae (Table 2).
Offspring production of A. craccivora under eCO2 over aCO2

Impact of etemp
The direct effect of etemp on insects by altering their development, survival,
range, and abundance was well known (Bale et al., 2002). The association of progeny
production of aphids with increase in temperature follows the non-linear trend and
after certain level of temperature the reduction of progeny is noticed. The fecundity
of corn leaf aphid was significantly increased under the etemp (Xie et al., 2014).
While the fecundity increased from 11.38 to 28.88 with increase in temperature
from 15°C to 22°C and later decreased to 8.38 as the temperature increased from
22°C to 25°C (Mehrparvar and Hatami, 2007). Similarly, there was a reduction
in fecundity above 25/30°C (Lange et al., 2006). In general the optimal range of
temperature was found to be 25 to 30oC for the population growth of B. brassicae
on white cabbage (Satar et al., 2005), Aphis gossypii in cotton (VanSteenis and
Khawass, 1995), A. nerri (Aleosfoor and Fekrat, 2014).
8

Sitobion avenae

Aphid sps

Aulacorthum Solani

Phyllaphis fagi

a) M. persicae
b) Brevicoryne
brassicae
c) M. persicae

Aphid sps.

Rhopalosiphum padi

Cepegillettea
betulaefoliae

Aphis gossipii

Rhopalosiphum padi
Myzus persicae

Aphid sps

Aphid sps

Aphis craccivora

Aphid

Bean aphid

Woolly beech
aphid

Cabbage aphid

Aphid

Bird cherry-oat
aphid

Birch aphid

Cotton aphid

Bird cherry-oat
aphid
Green peach aphid

Aphid

Aphid

Cowpea aphid

Scientific name

Grain aphid

eCO2

Common name

Insect species
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Various crops
Various crops

Various crops
Various crops

Vigna unguiculata

Triticum aestiv
Brassica napus

Spring wheat
Oilseed rape

Cowpea

Gossypium hirsutum

Cotton

Betula papyrifera

Triticum aestivum

Spring wheat
Paper birch

Various crops

Senecio vulgaris

Fagus sylvatica

Various crops

a) Cabbage
b) Cabbage
c) Common
groundsel

European beech/
Common beech
tree

Vicia faba
Tanacetum vulgare

Various crops

Various crops
a) Bean
b) Tansy

Triticum aestivum

Scientific name

Winter wheat

Common name

Host plant

Increased fecundity

Increased fecundity

Srinivasa Rao et al., 2013

Alireza, et al., 2012

Sun and Ge, 2011

Oehme et al., 2011

Increased fecundity

Increased fecundity

Chen et al., 2005

Awmack et al., 2004

Zhang et al., 2003

David and Mark, 2002

Bezemer et al., 1999

Docherty et al., 1997

Awmack et al., 1997

Smith, 1996

Awmack et al., 1996

Reference

Increased fecundity

Reduced fecundity

Increased fecundity

Increased fecundity

a) Increased offspring
b) Reduced offspring
c) No response

Reduced fecundity on beech and
sycamore saplings

a)Increased daily rate of
production on bean
b) No response on Tansy

Increased fecundity

Increased fecundity

Effects

Table 2: Impact of eCO2 and etemp on growth and development (fecundity) of aphids

Impact of elevated CO2 and temperature on aphids

Hyperomyzus lactucae

Aphis gossypii

Aphis glycines

Metopolophium
dirhodum

Aphid sps.

Aphid sps.

Macrosiphum rosae

Metopolophium
dirhodum

Aphis nerri

Sowthistle aphid

Cucumber aphid/
Melon aphid

Soybean aphid

Rose grain aphid

Aphid
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Aphid

Rose aphid

Corn leaf aphid

Oleander aphid

Oleander

Barley
Nerium oleander

Hordeum vulgare

Rosa sps

Various crops

Various crops
Rose

Various crops

Triticum aestivum

Glycine max

Cucumis sativus

Sonchus oleraceus

Cereals

Brassica oleracea

Various crops

Spring wheat

Soybean

Cucumber

Sow thistle

Cereals
Metopolophium
dirhodum,
Rhopalosiphum padi and
Macrosiphum avenae.

Cereal aphids

Cabbage

Scientific name

Host plant
Common name

Brevicoryne brassicae

Scientific name

Cabbage aphid,

etemp

Common name

Insect species

o

Maximum fecundity at 25ºC with
25.54 ± 0.76 nymphs/female

Increased fecundity

Increased fecundity

Reduced fecundity at 25/30 C

Increased fecundity

Mean daily fecundity (mx) was
found to be high and decreased
at 35°C.

Aleosfoor and Fekrat, 2014

Xie et al., 2014

Mehrparvar and Hatami, 2007

Lange et al., 2006

Satar et al., 2005

Ma et al., 2004

Hirano et al., 1996

VanSteenis and Khawass,
1995

Increased fecundity at 25oC
Higher fecundity at 22°C

Sheng and Hughes, 1987

Dean, 1974

Lamb and White, 1966

Reference

Decreased fecundity

Increased fecundity (4-16 times)
of R. padi than the other two
species

Increased fecundity

Effects

Impact of elevated CO2 and temperature on aphids

Impact of elevated CO2 and temperature on aphids

In some cases, low temperatures (10–15°C) caused aphids to produce alate forms
(Brevicoryne brassicae), while suppression of same was noted at high temperatures
(25-30°C) (Lamb and White, 1966).
Differential responses with lower and higher temperatures were reported
by various authors referring the species specificity of host and insect pests. The
detailed information is furnished in the Table 2. Different authors mentioned
increased/decreased fecundity at different temperatures. All the nymphs of cereal
aphids viz., Metopolophium dirhodum, Rhopalosiphum padi and Macrosiphum
avenae died at 30°C. R. padi had a 4-16 times increase in fecundity above 15°C
than the other two species (Dean, 1974) and increase in fecundity of Aphis glycines
(Soybean aphid) at 22°C (Hirano et al., 1996). The mean daily fecundity (mx) of
corn leaf aphids Metopolophium dirhodum (rose grain aphid) was found to be
more at high temperatures in warm regions, while at 35°C average adult fecundity
decreased (Ma et al., 2004). Generally alate forms of aphids have lower fecundity
than apteral forms (Sheng and Hughes, 1987) and that the fecundity of sowthistle
aphid, Hyperomyzus lactucae increased between 12.5-24°C and decreased with an
increase in temperature (Table 2).
Interactive effects eCO2 and etemp
The fecundity of corn leaf aphid Rhopalosiphum maidis was significantly
high under the etemp and eCO2. Additionally the combined effects of both etemp
and eCO2 increased the number of alates that may enhance the aphid migration/
dispersal, the spread of plant viruses and also aphid biology aggravated damage on
barley under the climate change (Xie et al., 2014).
Majority of the studies referred that the increased fecundity or production of
offspring was more under eCO2 and etemp conditions meaning that proliferation or
multiplication will be higher during future climate change scenarios. This might be
due to the variations of biochemical constituents of the crop plants under eCO2 and
etemp conditions implying that crop plants may experience severe infestation by
aphid population.
2.3 Life table parameters
Life table parameters are important indicators for understanding the population
dynamics of insect pests and explain the impact on growth, survival and reproduction
of insect population. The variation of life table parameters of lepidopterans (Guang et
al., 2000; Hardev et al., 2013; Srinivasa Rao et al., 2014) and homopterans (Alireza
et al., 2012) with temperature and CO2 is significant and well documented (Iranipour
et al., 2010; Xie et al., 2014). Among these parameters the intrinsic rate of increase
(rm) is the most important one which explains the rate of progeny production per
11
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female per day, Net reproductive rate (Ro) indicates the number of times that the
population would multiply by the end of each generation, Finite rate of increase
(λ) is the number of individuals added to the population per head per unit time or
number of births per female per day whereas, Generation Time (GT) is the time
required to complete a generation.
Moulting of A. craccivora

Production of progeny by A. craccivora

Impact of eCO2
The rm of Rhopalosiphum padi and Myzus persicae was only slightly and nonsignificantly increased under eCO2 conditions (Oehme et al., 2011) whereas that
of Brevicoryne brassicae was the highest at eCO2 (1050 ppm) because of their
faster development, high daily rate of progeny production and higher survivorship
(Alireza et al., 2012). Earlier, it was noted (Awmack et al.,1996) that rm was not
affected by eCO2 in case of Sitobion avenae signifying the effect of eCO2 varies
with species of aphids. The finite rate of increase (λ) of A. glycines was increased
with eCO2 (Hirano et al., 1996) (Table 3).
Impact of eTemp
The impact of temperature on rm of aphid species was significant. The
intrinsic rate of increase (rm) was positively correlated with temperature but was
inversely related to temperature when measured on a physiological time scale of
Hyperomyzus lactucae (Sheng and Hughes, 1987). Better adaptation of corn leaf
aphids in population growth to a wider range of high temperatures (35°C) was with
higher rm in warm regions (Ma et al., 2004). The highest per capita growth rate of
12

Aphis glycines

Rhopalosiphum padi,
Myzus persica

Brevicoryne brassicae

Soybean aphid

Birdcherry oat aphid

Cabbage aphid
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Metopolophium
dirhodum

Aphid sps

Macrosiphum rosae

Rhopalosiphum padi

Aphis gossypii

Rose grain aphid

Aphid

Rose aphid

Corn leaf aphid

Melon/cotton aphid

Yellow/orange aphids Aphis nerri

Hyperomyzus lactucae

Sowthistle aphid

etemp

Sitobion avenae

Scientific name

Grain aphid

eCO2

Common name

Insect species

Oleander

Melon/cotton

Signal grass

Rose

Various crops

Spring wheat

Sowthistle

Nerium oleander

Cucumis sativus/
Gossypium hirsutum

Brachiaria ruziziensis

Rosa sps

Various crops

Triticum aestivum

Sonchus oleraceus

Brassica olaraea

Hordeum vulgare

Barley
Cabbage

Glycine max

Triticum aestivum

Scientific name

Soybean

Wheat

Common name

Host plant

The rm varied at different
temperatures, highest Ro at 25ºC and
the lowest at 10ºC

rm increased , GT decreased 16-30°C

Greatest rm and λ at 24°C and
28°C, Highest Ro at 28°C, GT and
population DT diminished

Smallest rm at 22°C and 15°C.
Longest and shortest GT at 15°C
and 22°C

Highest rm at 25°C and lowest at
30°C. The greater Ro at 25oC.

Higher rm in warm regions

Increased rm

Highest rm at 1050 ppm CO2

Slight and non-significant increase
in rm

Aleosfoor and Fekrat,
2014

Mohammad, 2010

Auad et al., 2009

Mehrparvar and Hatami,
2007

Satar et al., 2005

Ma et al., 2004

Sheng and Hughes, 1987

Alireza et al., 2012

Oehme et al., 2011

Hirano et al., 1996

Increased rm and λ

Reference

Awmack et al., 1996

Effects

rm was not affected

Table 3: Impact of eCO2 and etemp on life table parameters of aphids
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aphids was at 25°C and lowest at 30°C implying the non-linear trend while the
average reproduction rate per female (Ro) was greater (47.1 aphids/aphid) at 25oC,
as temperatures increases it was found to decrease (30oC) (Satar et al., 2005).
The rm of M. rosae was shortest at 22°C and 15°C, among four temperatures
tested and the longest and shortest generation time (GT) was at 15°C and 22°C
(Mehrparvar and Hatami, 2007). The negative impact on biology and life table
parameters of Rhopalosiphum padi at 32°C and the time interval between each
generation (T) and the population doubling time (DT) diminished, as temperature
increased, yet with highest rm, λ and Ro at 24°C and 28°C (Auad et al., 2009).
The development, survivorship and reproduction of melon or cotton aphid (Aphis
gossypii) were strongly influenced by temperature and quality of food and rm
increased with increase in temperature. The mean generation time decreased with
increasing temperature from 16-30°C (Mohammad, 2010) and the varied values of
rm with highest Ro of A. nerri (Aleosfoor and Fekrat, 2014) (Table 3).
Interactive effect of eCO2 and etemp
The combined effects of both etemp and eCO2 on aphid biology may exacerbate
aphid damage on barley under the climate change (Xie et al., 2014). Corn leaf aphid
had the highest intrinsic rate of increase (rm) under the etemp and CO2 combinations
in the second generation. Significant variation of life table parameters under eCO2
and etemp conditions particularly with increase in rm, Ro & λ with reduced GT
indicate the vital role of host plant and temperature. The increased rm and Ro shows
that the intrinsic rate of female aphid will increase under eCO2 and etemp conditions
leading to higher reproducing capacity. The reduction of GT may lead to possibility
of occurrence of more generations through reduction of life cycle of aphids under
future climate change scenarios. The summarized information indicates that the
proliferation of aphid population would be more in climate change conditions
resulting in higher population build up.
2.4 Population size/abundance
The population size or abundance indicates the absolute population developed
after natural key mortality factors during hatching period. Generally the survival
rates of an individual are also taken into account while estimating the population
size. Abundance is determined by the combined effects of all the factors and all
the processes that impinge on a population are the dependent or independent of the
density.
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Ropalosiphum maidis on maize

Aphis craccivora on pigeonpea

Impact of eCO2
It is well known that the insect herbivores exhibited increase in population size
in response to eCO2 and among these phloem feeders are the most important ones
(Whittaker, 1999). The response of aphid populations to eCO2 was species–specific
and Dukes (2000) found that increased aphid abundance was not significantly
related to foliar nitrogen concentration. Aphid species that have lower nitrogen
requirements and that are less sensitive to their own density will be more likely
to have larger populations in eCO2 compared to aCO2 (Hughes and Bazzaz, 2001;
Newman et al.,2003). Peak and mean population size increased with rising CO2 and
showed a positive response to CO2 enrichment and these effects on mean population
and growth rate were significant (Xing et al., 2003). Increase in Macrosiphum
euphorbiae population size was in response to eCO2 or increased nitrogen
availability on Solanum dulcamara grown under low N conditions. No population
size responses were noticed for aphids infesting Amaranthus viridis, showing the
significant role of host crop (Sudderth et al., 2005). The aphid population under
eCO2 was far larger than that of aCO2 (Xing et al., 2003, Zhang et al., 2003) and
32% and 50% more population of Sitobion avenae at 550-ppm and 750-ppm CO2
than ambient CO2 (Chen et al., 2004). It was implied that the faster development
and higher survivorship of Brevicoryne species (Alireza et al., 2012) and Diuraphis
noxia (Jimoh et al., 2013) at eCO2would allow aphid population to increase and in
turn would lead to outbreaks.
According to Bezemer et al., 1999 the direct effect of eCO2 concentration on
aphid population parameters was minor. There was a decline/no effect in aphid
population under eCO2 referring the significance of host and aphid specificity. No
differences were in population sizes of B. brassicae, M. persicae (Bezemer et al.,
1999) and colonization of R. padi at eCO2.
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In fact, the plants grown in air of eCO2 contained far fewer aphids than the
plants grown in ambient air indicating the lower levels of aphid density under eCO2
(Newman et al., 1999). The prediction of incidence of aphids by using mathematical
modeling indicated that an increasingly dramatic decline in cereal aphid abundance
from the 1961 to 1990 baseline with increasing CO2 emissions. The pest status
of cereal aphids in Southern Britain would significantly decline by the end of
this century (Newman, 2005). Year-wise variations in the abundance/population
growth of aphid Obtusicauda coweni were common (Adler et al., 2007) and further
it was mentioned that warming reduced or did not affect aphid density in each
of three years. In case of green pea aphid (Mondor et al., 2010) and Sipha flava
(O’Neill et al., 2011) on different hosts the role of host specificity was highlighted
on population abundance of aphids. Evidences are available that crop plant with A1
resistant gene are more susceptible to aphids (Amphorophora idaei) at eCO2 and
population was doubled compared to the same plants grown at aCO2, designating
the impact of eCO2 despite having the resistant gene (Martin and Johnson, 2011).
eCO2 increased the susceptibility of the crop plant and thus allowed the aphid
population to multiply in larger number (Table 4).
Impact of etemp
According to Aleosfoor and Fekrat, 2014 the optimum temperature range for
A. nerri population growth was 25-30ºC. Thus, an increase in temperature of only 2ºC
would allow the number of generations produced per year to increase from 18 to 23oC
in UK with a potentially huge increase in population size (Harrington et al., 1999)
(Table 4).
Interactive effects of eCO2 and etemp
Aphid abundance was enhanced by both the eCO2 and etemp, which suggest
that peach potato aphid, Myzus persicae, an important pest of many crops, might
increase its abundance under conditions of climate change (Bezemer and Jones,
1998; Bezemer et al., 1999). M. persicae abundance was enhanced by eCO2 (Jones
et al., 1998). Although life history parameters reflect positive effects with increasing
temperature and eCO2, the fact that increased host susceptibility would have an
interactive and determining role over periods. If the UK situation of decreasing
cereal aphids with increasing CO2 emissions predicted through models is to be a
reality, pest managers can be relaxed with no expectations of aphid outbreaks.
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Sorghum

Aphid sps

Sitobion avenae

Aphid sps

Macrosiphum
euphorbiae

Obtusicauda coweni

Acyrthosiphon pisum

Sipha flava

Aphid

Grain aphid

Aphid

Potato aphid

Sagebrush aphid

Pink pea aphid

Yellow sugarcane
aphid

Broad bean

Aphid sps

Aphid

Sagebrush

Bittersweet
nightshade

Various hosts

Wheat

Various hosts

Various hosts

Various hosts

Aphid sps

Aphid

Various hosts

Aphid sps

Aphid

Brevicoryne brassicae Cabbage

Cabbage aphid

Tall fescue

Sorghum bicolor

Vicia faba

Artemisia tridentata

-Solanum dulcamara
-Amaranthus viridis

Various hosts

Triticum aestivum

Various hosts

Various hosts

Various hosts

Various hosts

Brassica olaraea

Festuca arundinacea

Scientific name

Host plant
Common name

Rhopalosiphum padi

Scientific name

Bird cherry oat aphid

eCO2

Common name

Insect species
Effects

Population abundance decreased

Population was unaffected

Increased abundance

Increase in aphid population of S.
dulcamara but no response on A.
viridis

Dramatic decline in cereal aphid
abundance from 1961-1990

Aphids were 32% - 50% more
numerous

The peak and mean population size

Larger populations

Larger populations

Aphid populations could increase

Increase in population size

Fewer aphid population

Table 4: Impact of eCO2 and etemp on population/abundance of aphids

O’Neill et al.,2011

Mondor et al., 2010

Adler et al., 2007

Sudderth et al., 2005

Newman, 2005

Chen et al., 2004

Xing et al., 2003

Newman et al. ,2003

Hughes and Bazzaz, 2001

Dukes, 2000

Whittaker, 1999

Newman et al., 1999

Reference
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Yellow/orange aphids

Aphid

etemp

Russian wheat aphid

Aphis nerri

Aphid sps.

Diuraphis noxia

Oleander

Various hosts

Barley

Brevicoryne brassicae Cabbage

Cabbage aphid

Raspberry

Nerium oleander

Various hosts

Hordeum vulgare

Brassica olaraea

Rubus idaeus

Scientific name

Host plant
Common name

Amphorophora idaei

Scientific name

European large
raspberry aphid

Common name

Insect species

At 25-30 ºC was the optimum
temperature for population growth

Potentially huge increase in
population size

Aleosfoor and Fekrat,
2014

Harrington et al., 1999

Jimoh et al., 2013

Alireza et al., 2012

Elevated future CO2 will enhance
aphid population
Substantial increase in aphid
populations

Martin and Johnson, 2011

Reference

Aphids grew 38% larger on plants
with the A1 resistance gene

Effects

Impact of elevated CO2 and temperature on aphids

18

Impact of elevated CO2 and temperature on aphids

2.5 Weights and Relative Growth Rate
The data on amount of ingestion or feeding (TC), excretion (faecal matter) and
the weight gain of insect/aphid are considered as insect primary parameters which
in turn used for estimating the indices of insect performance or feeding efficiency
(Srinivasa Rao et al., 2013). In case of aphids, most of the studies included weight
gain and relative growth rate (RGR) of the insect for estimating the growth and
development at a set condition (Awmack and Leather, 2007).
Impact of eCO2
The variation in weight gain of insects, feeding percentage and RGR of
lepidopterans and homopterans under eCO2 conditions has been well reviewed
(Hunter, 2001). The divergent observations were made by several authors referring
the species selectivity among aphids.
The higher weight of Amphorophora idaei on raspberry (Martin and Johnson,
2011), Rhopalosiphum padi on barley (Oheme et al., 2011) at eCO2 than ambient, in
contrast to reduction of weights of Myzus persicae on cotton (Oheme et al., 2011),
Brevicoryne brassicae on cabbage (Klaiber et al., 2013) was observed. There was
a non-significant tendency for eCO2 to reduce the individual weights and RGR of
Phyllaphi fagi (Docherty et al., 1997) (Table 5).
Impact of etemp
The adult weight of aphids, Acyrthosiphon pisum on peas (Lamb et al., 1987),
Macrosiphum euphorbiae on Solanum dulcamara (Flynn et al., 2006) decreased
with increase in temperatures. Myzus persicae had a close linear correlation with
temperature and decrease in body size at higher temperature. In M. antirrhinii,
the temperature relations were reversed (Blackman and Spence, 1994).While the
influence of etemp and eCO2 can be different with respect to aphid species, the
response of the host plants also play an important role through the altered nutritional
and secondary allelochemicals (Table 5).
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Amphorophora idaei

Rhopalosiphum padi
Myzus persicae

Brevicoryne brassicae

Raspberry aphid

Bird cherry-oat aphid
Green peach aphid

Cabbage aphid
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Acyrthosiphon pisum

Myzus Persicae
M. antirrhinii

Macrosiphum
euphorbiae

Pea aphids

Peach potato aphid

Potato aphid

etemp

Phyllaphis fagi

Scientific name

Wooly beech aphid

eCO2

Common name

Insect species

Woody nightshade

Potato

Pea

Cabbage

Barley
Cotton

Raspberry

Beech trees

Common name

Solanum dulcamara

Solanum tuberosum

Pisum sativum

Brassica olaraea

Hordeum vulgare
Gossypium hirsutum

Rubus idaei

Fagus sylvatica

Scientific name

Host plant

Lamb et al., 1987

Klaiber et al., 2013

Oehme et al., 2011

Martin and Johnson, 2011

Docherty et al., 1997

Reference

Average weight decreases

Flynn et al., 2006

Decreased body size at etemp in Blackman and Spence, 1994
M. Persicae, increased in
M. antirrhinii

Adult weight usually decreased
with increasing temperatures
(9.8 - 27.9ºC)

Body mass remained
approximately 20% lower

Increased weight & RGR in
R. padi
Decreased weight & RGR in
M. persicae

Higher weights

No change in weight and RGR

Effects

Table 5: Impact of eCO2 and etemp on growth and development of aphids (Weight & RGR)
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2.6 Tritrophic interactions
Tritrophic often referred as multi-trophic interactions with respect to insects
explain the impacts of three popular trophic levels on each other viz., host plant,
insect herbivore and its natural enemy. Global warming is expected to affect tritrophic
interactions between plants, herbivores, and their natural enemies. Assessing the
effect of climate change on each level of trophic interactions is important to gain a
deeper understanding of the status of an ecological community in light of a changing
climate (Sentis et al., 2013). Climate is critical in predicting population dynamics
and therefore success of natural and biological control agents is climate dependent
(Zalucki and van Klinken, 2006). Climate change either facilitates or inhibits
biological control depending on the responses of both the target pest species and
their biological control agents (Hellman et al., 2008). Warming which is primary
indicator of climate change may alter the geographical distribution of insects and
thus allowing the ‘pest shifts’ to the new geographical locations where plants
and bio-control agents could experience either ideal or non-ideal temperatures
(Lu et al., 2013; Allen et al., 2013).
Impact of eCO2
It was reported that decreased DT of predator, Lysiphlebia japonica on A.
gossypii at eCO2 without affecting the parasitism or emergence rates (Sun et al.,
2013) and similarly higher abundance of Aphis gossypii at eCO2 without influencing
the parasitism rates (Gao et al., 2008). Increased stage-specific larval durations
of the ladybird beetle when fed on aphids from eCO2 (Jones et al., 1998). The
bio-control efficiency of hymenopteran, Aphidius picipes against Sitobion avenae
can be enhanced in eCO2 and these results signified that eCO2 markedly changes
the predation/parasitization preference (Chen et al., 2007). While effects of CO2
on biological control may vary, the general patterns of decreased plant quality and
insect preference with eCO2 may not augur well for biological control applications.
Very few studies are available on impact of climate change on tritrophic interactions
and the lack of research on concurrent effects of etemp and eCO2 on plant–insect
interactions and biological control indicate the complex nature of the subject area
(Zvereva and Kozlov, 2006; DeLucia et al., 2012) (Table 6).
Impact of etemp
etemp influenced the coccinellid populations positively and caused the reduction
in the number of aphids between 40-60% (Skirvin and Fenlon, 2003). The greatest
effect of coccinellid to reduce both maximum and total aphid numbers was predicted
to occur at relatively hot summers. It could be that the summer conditions are
ideal for exhibition of higher predatory-prey relations over a longer period of time
(Table 6).
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Life cycle of Menochilus sexmaculatus

Impact of eCO2 on tritrophic interactions
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Lysiphlebia japonica
Coccinella septempunctata

Cotton

Wheat

Aphis gossypii

Sitobion avenae

23

Aphid sps

Coccinellids

Coccinellid beetle

Cotton

Aphis gossypii

Various crops

Harmonia axyridis

Wheat

Sitobion avenae

etemp

Coccinellid beetle

Natural enemy/predator

Cotton

Name of the host
plant

Aphis gossypii
Myzus persicae

eCO2

Name of the aphid
species

Table 6: Impact of eCO2 and etemp on tritrophic interactions

The predicted maximum number of
coccinellids was not greatly affected

- Aphid abundance incresed at eCO2 and
etemp
- Higher temperature upto 25oC could
enhance the natural control of aphids by
coccinellids

Decrease DT but did not affect parasitism

Longer larval durations of the coccinellids

Predation capacity increased

Longer larval durations of the coccinellids
at eCO2 but predation capacity remained
unchanged.

Effects

Skirvin and Fenlon,
2003

Freier and Triltsch, 1996

Sun et al., 2013

Gao et al., 2008

Chen et al., 2007

Jones et al., 1998

Reference
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3. Experimental findings at CRIDA
Climate change, especially the projected rise in temperature and atmospheric
carbon dioxide (CO2) concentrations, is the major concern of today. The Third
IPCC report predicts that global average surface temperature will increase by 1.4
to 5.8o C by 2100 with atmospheric CO2 concentrations expected to rise between
540 to 970 ppm during the same period (IPCC, 2013) and climate change is likely
to affect agriculture including pest activity in future with larger variation in the
estimates of effects of crop yields across different regions. It is well known that
global climate change would affect survival, development and reproduction of
insect pest species due to the change in nutrient quality of plants under elevated
CO2 (eCO2) condition (Hunter, 2001). There is distinct mechanism by which
climate change can impact the relationship between the pest and crop plants. The
herbivory of the insects significantly varied across different species under eCO2
conditions, however phloem-sucking insects (i.e. aphid) showed species-specific
responses to eCO2 and were the only feeding guild to respond positively to eCO2
(Sun and Ge , 2011). Changes in climate have a direct impact on biology of insects,
including vectors, leading to differences in their survival, reproduction and spread.
Also, aphids are generally considered to be the most important group of insect
pests in warmer regions by causing direct damage by sucking large quantities of
plant sap and indirect damage by carrying viruses. The phloem-feeding herbivores
such as aphids appear to respond to changes in climate and in turn variations in
plant-physiology less predictable than leaf-chewing insects and it was observed
that sap-sucking insects may be more sensitive to climate-induced changes in the
host plant, compared with mining, chewing and galling insects (Holopainen and
Peltonen, 2002). Larvae of leaf – chewer show poor performances under eCO2
concentrations, but the performance of leaf-suckers do not always follow this trend
(Bezemer and Jones, 1998). Most of published studies indicated that aphids arethe
only insects thus far investigated to exhibit positive responses to plants grown at
eCO2 (Williams et al., 2003). Studies have been carriedout at CRIDA to understand
the effect of eCO2 and etemp on aphid species.
Aphis craccivora Koch
Cowpea aphid (Aphis craccivora Koch.) is a major economic pest of cowpea
and the insect passes through four nymphal instars before reaching adulthood.
Under conditions of abundant good quality food and favourable climate,
parthenogenetic apterous adult females are successively produced. The life cycle is
typically anholocyclic/parthenogenetic (Dixon et al., 1993).The host range of the
cowpea aphid is limited to Leguminosae, and is cosmopolitan in distribution. The
nymphs and adults feed gregariously on the leaves, tender shoots, inflorescence
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and tender pods thus causing malformations, stunting and even drying up of the
parts causing damage to the plant resulting in yield reductions. Infestations of
A. craccivora on cowpea caused reduction in growth and losses in yield. In addition
to loss due to damage caused by the A. craccivora is known to be an important
vector of plant viral diseases, transmitting over 30 plants viruses. Several studies are
conducted to understand the effects of atmospheric CO2 on leaf quality of cowpea,
peanut and to study its impact on growth characteristics of A. craccivora Koch.
Life cycle of A. craccivora

Infrastructure facilities at CRIDA
Open top chambers & CO2 growth chambers
Open top chambers (OTC) of 4x4x4 m dimensions, were constructed at Central
Research Institute for Dry land Agriculture (CRIDA), Hyderabad (17.380N;
78.47oE). CO2 gas was maintained at set levels using Supervisory Control and
Data Acquisition (SCADA). Cowpea and Groundnut crops were grown in OTCs
maintained at 380 and 550 ppm CO2 levels. The foliage was used for insect feeding
trails in growth chambers.
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Open top chambers at CRIDA – plant growing conditions

CO2 & temp regulated Growth Chambers- insect growing conditions
temp range: 0- 60°C; CO2 range: 0-3000 ppm

Maintenance of insect culture:
The adults of A. craccivora were collected from infested plants of cowpea
and peanut from field and maintained in the entomology laboratory of CRIDA,
Hyderabad at optimum conditions of temperature (25 ± 2oC) , humidity (80 ± 5%)
and with 14:10 Light:Dark cycle. The stock culture of A. craccivora was maintained
on leaves of potted plants of cowpea and peanut grown in open field conditions.
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3.1 Feeding trials
Clip cage method
Aphids reared on the stock
culture were individually released
in clip cages on the upper leaves
of experimental plants. The
clip cages were made of two
aluminum blades, two pieces of
aluminum wire, two aluminum
straps, two pieces of adhesivebacked
foam
weatherstrip
(Macklanburg-Duncan, Oklahoma
City, Oklahoma), one binder clip
spring (fIlodel BC-20, Officemate
International Corp., Carteret, New Jersey), and one or two pieces of nylon chiffon.
After 24 hours, the adult was removed, and one newly born nymph was retained to
develop to an adult and reproduce (Kazemi and van Emden, 1992). The position
of the cages was changed once every three to four days to avoid local leaf damage.
The experimental plants were kept under glasshouse conditions of 24.4±1.6oC, 5060% relative humidity and a 14:10 (L:D) regime.
In our experiments clip cages were made indigenously using the emptied
strips of Antacid pills which are cost effective and even efficient in maintenance
of aphids and feeding trials were continued as mentioned above. Aphids were
confined individually on the upper side of the leaf, monitored daily for moulting
and production of offspring (Taheri et al., 2010). Some of the disadvantages of clip
cage method reported in the literature and observed during our experimentation
are as follows: Generally the leaves develop chlorotic spots which in turn
will effect the performance of aphids and will lead to the physical damage of
leaf (Moore et al., 2003) and within clip cage the excess moisture formation
is noticed and often leads to fungal growth. With clip cages the aphids can
behave slightly differently than those in whole plant cages (Awmack & Leather,
2007). Thus, the cut leaf method was adopted for all experimental trials with
A. craccivora.
Cut leaf method
The aphids were reared individually in the Petri dishes of 110 mm diameter 10
mm height and feeding trails were conducted adopting ‘cut leaf’ method (Brisson
et al., 2007). Three different sets of containing ten replications (n=10) were kept
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for each CO2 level. The cowpea leaves with
the petiole tips wrapped in a moist cotton
swab were used for trials. Before placing
the aphids, a moist filter paper was kept
at the bottom of the Petri dish to maintain
the leaf turgidity and freshness. The cotton
swabs were moistened daily to keep the
leaves fresh and the leaves were changed on
alternate days. The fully expanded cowpea
leaves were collected and used for the
feeding trials. The whole set of Petri dishes
were then placed in a controlled chamber
maintained at 25oC.

Cut leaf technique- Cowpea

Response of Aphis craccivora Koch to elevated CO2 on Peanut
Experiments were conducted to quantify the impact of elevated CO2 on
A. craccivora on Peanut also. Results indicated that the adults produced more
number of off spring when fed on peanut leaves obtained from eCO2 condition.
The number of nymphs laid per female was significantly higher (F1, 44=37.38,
P<0.01) at eCO2 than that of the ambient (Table 7). The increased mean fecundity
was found 33.3 % under eCO2 than ambient. Significant reduction in longevity
(F1, 44=18.22, P<0.01) and development time (F1, 44=431.2, P<0.01) of A. craccivora
was noticed at 550 CO2 over ambient, and the reduction was in the range of 9-26%.
The average weight of adults (F1, 44 = 1224.61, P<0.01) and MRGR (F1, 44=7.22,
P<0.01) increased significantly when reared on eCO2 grown leaves. The increase
in average weight of adults was 116 % at 550 eCO2 conditions and of MRGR was
by 22.41%, respectively. The mean percent change in aphid parameters under eCO2
condition over ambient was depicted in Fig. 1.
Table 7: Impact of eCO2 on Aphis craccivora Koch on peanut
CO2
conditions

DT
( days)

LT
(days)

Adult weight
(µg)

MRGR
(µg/µg/day)

Fecundity
(Total nymphs/
female)

550 ppm

5.02± 0.15

20.27±4.53

602.67±38.53

0.142±0.08

74.64±19.95

380 ppm

6.78±0.42

22.40±4.39

278.67±48.69

0.116±0.004

56.00±19.43

P= 0.05

<0.01

<0.01

<0.01

<0.01

<0.01

CV (%)

6.15

10.99

9.97

39.1

20.43

DT= Developmental Time, LT=Longevity Tme, MRGR= Mean Relative Growth Rate
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Cut leaf technique- Peanut

Fig.1: Per cent change in aphid parameters under elevated CO2 condition over ambient
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Response of Aphis craccivora Koch to elevated CO2 on Cowpea

The results showed that the host plant and aphid species were significantly and
positively influenced by eCO2 (Fig 2 & 3). The mean fecundity (number of nymphs
per day, 80%), Mean relative growth rate (MRGR, 8%) and adult weight (22%)
of aphids increased but the longevity (5%) and development time (5%) decreased
significantly at both eCO2 conditions over ambient CO2 (Table 8).
Table 8. Influence of eCO2 on Aphis craccivora Koch on Cowpea
CO2
concentration
(ppm)

DT
(days)

LT
(days)

Adult
weight
(µg)

MRGR
(µg/µg/day)

No. of
Nymphs
per day

550 CO2

7.3 ± 0.48

19.5 ± 0.70

601.0 ± 50.21

0.134 ± 0.009

4.99 ± 0.56

700 CO2

6.9 ± 0.56

18.9 ± 0.99

620.0 ± 29.81

0.139 ± 0.008

6.74 ± 0.87

380 CO2

7.5 ± 0.70

20.3 ± 0.67

502.0 ± 45.89

0.126 ± 0.006

3.51 ± 0.98

3.84

8.28

6.02

6.03

42.4

< 0.05

< 0.01

< 0.05

< 0.05

< 0.01

6.82

3.95

14.22

6.15

15.44

F 9 , 18
p
CV (%)

DT= Development Time, LT=Longevity time, MRGR= Mean Relative Growth Rate
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Fig.2: Per cent change in the aphid parameters under eCO2 condition over ambient

Fig.3: Per cent change in the aphid parameters under eCO2 condition over ambient
F 9, 18 = 8.28
P = < 0.01

21

Longivity (days)

8

DT (days)

22

F9 ,1 8= 3.84
P= <0 .05

9

7
6
5
4

20
19
18
17
16

3
550 ppm

700 ppm

550 ppm

380 ppm

CO2 Conc.

F 9, 18 = 42.4
P = < 0.01

7

0.14

6

Fecundity

MRGR (µg/µg/day)

380 ppm

CO2 Conc.
8

F 9, 18 = 6.03
P = < 0.05

0.16

700 ppm

0.12
0.1
0.08

5
4
3
2

0.06

1

0.04
550 ppm

700 ppm

0

380 ppm

550 ppm

CO2 Conc.

700 ppm

380 ppm

CO2 Conc.

The development time (DT) and longevity of the aphids decreased, mean
relative growth rate (MRGR) and fecundity of aphids increased at eCO2 condition
on both cowpea and peanut.
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Impact of elevated CO2 on alate forms of aphids on Peanut
Adults produced more number of off spring when fed on peanut leaves obtained
from eCO2 condition. The number of nymphs laid per female was significantly
higher at eCO2 than that of the aCO2. The increased mean fecundity was
found 33.3% under eCO2 than aCO2. Data were recorded on production of
winged or alate forms of aphids under eCO2 condition across five generations
and same is depicted in Fig 4. Higher number of alate aphids was recorded
under eCO2 condition than the ambient and this was more evident during 3-5
generations. The similar trend was reflected in mean number of alate forms
(Fig.5). Prolonged longevity, lower nutritious host plant and overcrowding caused
by higher fecundity might have been the factors for higher production of alate forms
under eCO2 condition.
Alate form of A. craccivora and progeny production at two different CO2 levels
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Fig.5: Variation in mean alate of
A. craccivora as influenced by eCO2

Fig.4: Impact of eCO2
on alate forms of aphids on Peanut

3.2 Biochemical analysis
Leaf tissue used in the feeding trial was analysed for carbon, nitrogen, C:N
ratio and phenols from respective CO2 conditions. Carbon and nitrogen in the leaf
samples were determined by solid sample dry combustion method (Dieckow et al
2007) using Elementar Vario EI Cube CHNS Analyser (Elementar Analysensysteme,
GmbH, Germany) detecting carbon as CO2 and N as N2. About five mg of finely
ground samples were weighed into tin boats and the boats were loaded into a sample
carousel which transfers the samples into the combustion tube one at a time using a
ball valve.
The sample was combusted at 950°C and the gases formed were passed through
a reduction tube heated to 600°C, which resulted in conversion of C to CO2 and N
to N2. The gases, carried by helium carrier gas, were separated chromatographically
and detected by a thermal conductivity detector (TCD). Total phenol estimation
was carried out with the Folin- Ciocalteau reagent (FCR) method following Malick
and Singh (1980) and expressed as phenol %. Biochemical analysis of cowpea
foliage indicated an increased C: N ratio (8 %) and decreased nitrogen content (7%)
and non-significant variation of carbon and phenol content at both eCO2 conditions
(Fig.6). The biochemical constituents of the foliage of both the hosts showed a
decreased nitrogen and increased carbon at eCO2 (Fig.7).
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Fig.6: Impact of eCO2 on biochemical constituents of peanut foliage

Fig.7. Impact of eCO2 on biochemical constituents of cowpea foliage
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3.3. Life table parameters and prediction of pest scenarios
Studies were conducted to quantify the direct effects of temperature (20, 25, 27,
30, 33 and 35°C) and indirect effect of CO2 (380 and 550 ppm) on A. craccivora.
The DT of early nymph and late nymph was significantly reduced by 1-2 days
from 20 to 35°C temperature at both eCO2 and aCO2 conditions. Increased DT of
adult (F1,319=14.93; P<0.01) and not significant trend with respect to
TLC (F1, 319=20.38; P>0.01) was noticed at both CO2 conditions indicating that
divergent, stage specific effect of CO2. The offspring production per female was
also impacted by CO2 (F1, 319=20.38; P<0.01) and temperature (F5, 319=202.66;
P< 0.01) significantly (Table 9). A substantial increase in the production of offspring
was noticed at eCO2 (50.18) over aCO2 (42.69).
Table 9. Variation in growth and development time of A. craccivora on peanut
at six constant temperatures and two eCO2 conditions
Temp
(oC)

DT of early
Nymph
(I&II instars)

DT of late Nymph
(III & IV instars)

RT
(Days)

TLC
(Days)

Fecundity
(Total Nymphs/
female)

eCO2

aCO2

eCO2

aCO2

eCO2

aCO2

eCO2

aCO2

eCO2

aCO2

20

3.1

3.0

4.0

4.1

17.8

17.0

26.2

29.0

40.6

46.6

25

2.8

2.8

3.5

3.4

16.7

16.0

22.0

23.1

69.8

67.2

27

2.7

2.7

3.2

3.2

15.9

12.0

20.0

21.5

79.6

67.0

30

2.6

2.6

2.7

2.5

8.0

5.2

11.3

16.2

79.6

57.2

33

2.2

2.2

2.2

2.0

2.1

3.0

9.5

8.3

28.4

14.2

35

2.0

2.0

1.9

1.5

1.5

1.0

6.3

7.4

2.9

3.6

LSD (P=0.05)

0.28

0.43

2.42

1.75

7.99

F test

27.29 **

2.90 **

3.97 **

34.65 **

6.80 **

DT= Development Time; RT= Reproductive Time; TLC= Total Life Cycle

The increase in temperatures (20-35°C) caused the reduction of fecundity
from 73 to 3 nymphs/female. Significant interaction (F29, 319= 6.8; P<0.01) between
CO2 and temperature was noticed. The thermal requirement of aphid from small
nymph to adult was found to be 255.67 DD on eCO2 as against 283.95 DD on
aCO2 foliage. Life table parameters viz., finite (λ) and intrinsic rates of increase
(rm), net reproductive rate (Ro) and mean generation time (T) varied significantly
with temperature and CO2 and found to have quadratic relationship and the ‘rm’
increased with increase in temperature from 20°C and later started declining from
33°C (Table 10; Fig.8).
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Fig. 8: Relationship between temperature and life-table parameters
eCO2

aCO2

Prediction of pest scenarios based on PRECIS A1B emission scenario data at
eleven peanut (Arachis hypogaea L.) locations of India during near (NF) and distant
future (DF) climate change periods showed that increase of ‘rm’ and ‘λ’ with varied
‘Ro’ and reduced ‘T’.
36

Impact of elevated CO2 and temperature on aphids

Table 10. Life table parameters of A. craccivora on peanut at six constant
temperatures and two CO2 conditions
Life table parameters
Temp
(oC)

rm

Ro

λ

T

eCO2

aCO2

eCO2

aCO2

eCO2

aCO2

eCO2

aCO2

20

0.29±0.01

0.25±0.00

40.67±4.28

51.65±0.01

12.47±0.22

14.61±2.94

1.34±0.01

1.29±0.34

25

0.35±0.00

0.36±0.011

68.03±1.96

67.27±5.88

11.85±0.23

11.51±0.30

1.42±0.01

1.44±0.01

27

0.39±0.00

0.40±0.00

79.60±2.55

74.07±2.00

11.14±0.15

10.51±0.18

1.48±0.00

1.50±0.12

30

0.39±0.00

0.451±0.00

69.27±19.75

57.27±0.72

10.80±0.02

8.97±0.18

1.48±0.00

1.57±0.01

33

0.30±0.00

0.36±0.02

26.47±13.85

14.27±1.93

7.99±7.99

7.36±0.17

1.30±0.00

1.43±0.03

35

0.17±0.03

0.19±0.03

3.20±0.75

3.83±0.86

6.67±0.19

6.95±0.17

1.19±0.04

1.21±0.04

The present results indicate that incidence of A. craccivora is likely to be higher
in the future. It is noted that, increased thermal requirement of A. craccivora on
peanut during future climate change period. Our prediction of pest scenarios based
on PRECIS A1B emission scenario at eleven peanut growing locations of the
country during NF and DF future climate change periods shows that increased ‘rm’
and ‘λ’ with varied ‘Ro’ and reduced ‘T’ (Fig. 9).z
Fig. 9: Per cent change in pest scenarios during near and distant future climate
change periods over baseline
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4. Conclusions
Knowledge of the insect response to changes in the environmental variables
in terms of their life history parameters offers valuable information for pest
management. The impact of eCO2 on aphid species is divergent and complex. The
effects of eCO2 on fecundity or nymph size are not always reflected in the final
population sizes of aphids. Same aphid species shows differential response to eCO2
on various host plants. The above reviewed information of influence of eCO2 on
several parameters indicates increased fecundity across majority of aphid species
albeit host crop dependency is significant. Despite divergent effects of eCO2and
etemp on aphids, the seasonal patterns of rainfall and other elements modified by
the global warming would govern the field populations. Like the variations in the
distribution, population abundance and life table parameters evolving with the
genetic potential of the insect species in tandem with the environmental resistance,
the changes brought out by the climate change would be dealt by the living organisms
through short term ecological and long term evolutionary scales, and aphids are
not exceptions. It remains to be seen the modulating interactive effects of changes
in cropping systems, varietal scenario, production and pest management practices
brought out by the climate change on the importance of aphids as an insect pest and
vector.
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