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ABSTRACT

Aphids are severe insect pests that inflict substantial damage to wheat crop. Earlier studies mostly focused on
the susceptibility/resistance of wheat cultivars to specific aphid species. However, research on wheat
physiology and stress responses to aphids are few. In the present study, the impact of wheat aphid, Schizaphis
graminum, on physiology of three cultivars of Triticum aestivum L. (wheat), viz, PBW 621 (C1), DPW 62150
(C2), and HD 2967 (C3) have been studied. The aphid induces differential alterations in the growth and
physiology of the wheat plant to fulfill its nutrition requirement. Our results indicated that all three cultivars
were affected by aphid infestation. S. graminum harmed wheat physiology by reducing growth of cultivars and
inducing stress. Present findings not only expand our existing understanding of insect-plant interactions but
also advocate developing novel techniques for boosting agricultural plant resistance and tolerance to phloem-

feeding insects.
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INTRODUCTION

Aphids are a significant category of
agricultural insect pests that cause crop
damage by damaging photoassimilates and
vectoring various lethal plant viruses. Aphid
herbivory causes host plants to evolve a
variety of defense mechanisms, resulting in
gualitative and quantitative modifications in
plant vyield due to morphological and
metabolic changes (Shree et al., 2021). The
distribution of aphids throughout the host
plants, as well as the influence on plant
growth and defense mechanisms, has long
sparked the interest of ecologists. Aphids
are regarded serious pests in agriculture,
causing major crop losses (Naikoo et al.,
2021, Dar et al.,, 2017). Cereal aphids are
the most damaging commercial wheat pests
(Guan et al, 2022). The wheat aphid,
Schizaphis graminum, is one of the aphids
that infest wheat in India and cause
substantial crop losses (Singh et al., 2022).
Its style-like mouthpart feeds mainly on the
wheat leaves and stem, injects saliva into
plant leaves and sucks its phloem sap from
sieve components. During feeding, the

aphid injects a phytotoxin, which alters
wheat physiology and stimulates defense
responses (Goggin et al., 2017). Aphid
salivary enzymes destroy leaf chloroplasts,
causing white, yellow, purple, or red-purple
longitudinal streaks on the leaves of
afflicted plants (Farmer 2014). In sensitive
cultivars, chlorophyll deprivation affects
yields by up to 50% (Cartelat et al., 2005).
According to research on plants' responses
to herbivory, aphid infestations in wheat
crops prevented chlorophyll production
(Rehman et al., 2014). Aphids induce cell
damage in certain plants' leaves, stems, and
inflorescences, as well as abnormal carbon
partitioning and shoot loss, all of which
harm photosynthetic pigments, leaves, and
plant bulk (Dar et al.,, 2017; Naikoo et al.,
2019; Naikoo et al., 2020; Kafeel et al.,
2023). Aphid infection decreased the
number of proteins, photosynthetic
pigments, and other growth-promoting
factors in wheat plants (Foyer & Nocter
2013). Reports suggest aphids suck on cell
sap, which prevents chlorophyll
biosynthesis (Heng-Moss et al., 2003),
changes water status (Simpson et al., 2012),
decreases plant growth, especially in the
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case of shoots (Rehman et al., 2014),
interferes with  mineral uptake and
metabolism genes' activity. Studies show
that aphids affect nutrient availability and
quality in their host plants (Cao et al.,2018).
Much research focuses on wheat cultivar
susceptibility/resistance to specific aphid
species, but information on wheat
physiology and stress responses to aphids is
limited. The present study examined the
behavior and interactions of S. graminum
on fresh mass, photosynthetic pigments,
sugar, and proline concentration of wheat.
S. graminum was chosen as the aphid
because it is a parasitic insect that feeds
voraciously on wheat plants. It belongs in
the order Hemiptera and the superfamily
Aphidoidea. This study assessed the impact
of S. graminum (wheat aphid) on the
growth and physiology of three different
Triticum aestivum L. cultivars.

MATERIALS AND METHODS

The experiment was conducted in a natural
setting in a net house at the Aligarh Muslim
University's Department of Botany in
Aligarh, India. Triticum aestivum cultivars
viz, PBW 621, DPW 62150, and HD 2967
were chosen for the experiment and
assigned the designations C1, C2, and C3,
respectively. For  germination, each
cultivar's healthy and viable seeds were
surface sterilized with a 5 percent sodium
hypochlorite (NaOCl) solution (v/v) for 15
minutes (Hamer, 1993). They were then
thoroughly rinsed with double distilled
water (DDW). Later seeds were planted in
clay pots (Diameter=25 cm) with 4.0 kg
compost-mixed sandy loam soil (1:3 ratio).
When seedlings had four to five leaves, they
were thinned, and five seedlings with
similar growth vigor were kept in each
container and given frequent waterings. 50
aphids (Schizaphis graminum) were infected
onto each of the three chosen cultivars at
45 days after sowing (DAS). Each treatment
was reproduced four times, and a
completely random block design was used
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to arrange them. On each cultivar, aphid
population was tallied on 60, 75, and 90
DAS, and a population mean was computed
(Fig. 1). Each cultivar's fresh weight,
photosynthetic pigments, sugar content,
and proline content were measured at 90
DAS.
1. Plant fresh weight:
One wheat plant with healthy roots was
removed carefully from the earthen pots.
The plants were gently stirred in a water
container to loosen the dirt and then
washed under running water. Blotting
sheets were used to dry the wet plants.
Three plants of each cultivar were weighed
for fresh mass (at 90 DAS) on an electronic
balance (AH220A, AHN Germany).
2. Proline:
The proline content of fresh leaves was
measured using the technique published by
Bates et al. (1973). 300 mg of fresh leaf
tissues were mixed with 5.0 ml of 3%
sulphosalicylic acid in a mortar. After
passing the homogenate through a
Whatman No. 1 filter paper, it was blended
with 2.0 ml of freshly made acid ninhydrin
reagent and 2.0 ml of glacial acetic acid. The
process was stopped after an hour of
heating in a boiling water bath by moving
the test tubes to an ice bath. After violently
shaking the reaction liquid for 20-30
seconds, toluene was added. The toluene
layer was aspirated and reheated at room
temperature. The absorbance of the red
color was measured at 520 nm using a UV-
VIS spectrophotometer against a blank for
the reagent (T70 UK). The amount of proline
in the sample was calculated using a
standard curve prepared from pure proline
and represented on a fresh weight basis.

pu moles Proline (per g tissue)

ug Proline (ml~1) x Toluene (ml)

115 (M. W.)

5

X —_—
Sample (g)
M.W= molecular weight of proline.

3. Sugar:
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The total sugars were calculated using the
Dubois et al. (1956) approach. A test tube
containing 30.0 mg of fresh leaf tissue and
10 ml of 80 percent ethyl alcohol (80 ml
ethyl alcohol + 20 ml DDW) was cooked in a
water bath. For 20 minutes, the
homogenate was centrifuged at 1500g. Up
to 10 mL of 80% ethyl alcohol was used to
make the supernatant. A total of 4.0 mL of
cold anthrone reagent and 1.0 mL of
ethanolic extract were mixed. The mixture
was vigorously mixed before being placed in
a pot of boiling water for 10 minutes. A
spectrophotometer was used to measure
the absorbance at 620 nm after cooling
under running water (T70 UK). Using known
glucose concentrations, a standard curve
was prepared. A glucose standard was used
to calculate the overall sugar content.

4. Total chlorophyll and carotenoid:

Arnon's (1949) approach was applied to
assess the total chlorophyll and carotenoids
content in fresh leaves. 100 mg of fresh
leaves were crushed in 10 mL of 80%
acetone using a mortar and pestle. The
suspension was decanted and filtered
through a Whatman filter paper 1 onto a
Buchner funnel. The optical density (OD) of
the solution was measured wusing a
spectrophotometer (UV-1700, Japan) at 645
and 663 nm for estimating chlorophyll and
480 and 510 nm for carotenoid. The total
chlorophyll and carotenoid content was
calculated using the following formula:

Total chlorophyll = 20.0(ODgss) + 8.02
(ODeg3) W X 1000
Total carotenoid = 7.5(0Dygp) — 1.49 (ODs40)
————mgg' FW
d xw x 1000 8 &

Where OD= optical density of the extract at
different wavelengths, V=final volume of
chlorophyll extract in 80% acetone,
W= fresh weight of leaf tissue (g), and
d= length of light path (1 cm).

Data analysis and calculation: To
substantially differentiate values from one
another, the data were presented as mean,
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standard error (n = 4) and were subjected to
one-way ANOVA and Duncan's multiple
range test. Analyses performed using
version 23 of the SPSS program (IBM SPSS
Statistics, Chicago, IL, USA).

RESULTS AND DISCUSSIONS

According to the study, cultivar PBW 621
was the most susceptible to aphid herbivory
due to the plant's relatively significant
high aphid population followed by DPW
62150 and HD 2967 (Fig. 1) . Plant biomass
is used to monitor the effects of various
biotic stress on plants. In the present study,
aphid infestation impacted plant fresh mass
of all the cultivars (Fig. 2). Plant fresh mass
of cultivars reduced in relation to the
escalating aphid population (Fig. 1&2), and
these findings are similar to those reported
by Van der Westhuizen et al., (1997),
Rehman et al., (2014) and Bevacqua et al,,
(2016). Fresh mass of cultivars highly
correlated with the aphid population (Fig.
3). With a high aphid population, the
cultivar PBW 621 proportionately supplied
huge volumes of phloem sap (water and
photosynthates) to herbivorous animals at
the expense of the host plant's biomass (Fig.
2).

Plant sugar concentration has a significant
role in determining how host plants and
aphids interact. Sugars are frequently the
primary determinants of an aphid's
acceptance of a plant (Lemoine et al.,2011).
Aphid infestation decreased sugar content
of all cultivars. The pattern of aphid
populations and sugar content were similar
(Fig.1 & 2). The sugar content was
negatively correlated with the aphid
population (Fig. 3). As aphids prefer to
suckle on the phloem sap of plants that are
rich in sugar and mineral nutrients, PBW
621's high sugar content may be a causative
aspect for high aphid infestation. Reports of
Giordanengo et al., (2010), Cao et al.,
(2018), and Nalam et al., (2019), provide
additional support for these conclusions.
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Proline plays a crucial defensive role in
stressed plants. Numerous plant species
that thrive under various types of stresses
exhibit proline buildup as a defense
mechanism and has an important protective
role in stressed plants (Rehman et al.,2014.;
Dar et al,2016; Naikoo et al.,2019; El-
Beltagi et al., 2020; Naikoo et al., 2020.,
Kafeel et al, 2022). The statistically
analyzed data on the proline content of the
three cultivars show that proline content on
cultivars increased in proportion to the
aphid population at both observed growth
stages (Fig. 2). Similar outcomes were
reported in studies of Kaur et al. (2017),
Florencio-Ortiz et al (2018), Manghwar et
al., (2020) and Rashwan (2021). Proline
content of cultivars revealed a strong
positive relationship with aphid population
(Fig. 3). The intense stress generated by
aphid infestation may have harmed
membrane permeability, resulting in water
shortage stress conditions and excessive
proline buildup (Florencio-Ortiz et al,
2018).

Pigment concentration is associated with
healthy symptoms and plant production,
photosynthetic pigments are consistently
used to quantify the influence of diverse
biotic and abiotic stressors because to their
unique function in photosynthesis and the
economics of green cells (Naikoo et
al.,2021). The differences in photosynthetic
pigments (total chlorophyll and carotenoid
concentrations)  produced by aphid
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infestation on each of the selected cultivars
were statistically examined, and the results
are shown in Fig. 2 and Fig. 3. The square
correlation coefficient of total chlorophyll
and carotenoid levels, like fresh mass and
sugar content, shows substantial negative
linear relationships with a rise in aphid
population (Fig. 3). The results are similar to
the findings of Nikolova & Georgieva (2018),
Rostami et al., (2020), Naikoo et al. (2021),
and Othmen et al. (2022). The aphid
infestation impaired total chlorophyll and
carotenoid contents more severely in cv.
PBW 621 and DPW 62150 than HD 2967.

Statistically examined data for the three
selected cultivars have been summarized in
figures (1, 2 and 3). According to the data,
PBW 621 is the most susceptible and HD
2967 is the most resistant to the selected
aphid species (Schizaphis graminum). The
difference in growth and biochemical
parameters of control and aphid infested
plants of PBW 621 and HD 2967 was
significant (Fig. 2). The percent increase in
aphid  population on the selected
T.aestivum cultivars was linearly regressed
against changes in specified parameters
(Fig. 3). Fresh mass, total chlorophyll and
carotenoid contents displayed strong
negative relationships with an increase in
aphid population however proline content
had a positive correlation with the percent
increase in aphid population, according to
the square of the correlation coefficient.
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Fig. 1. Mean aphid population on 3 cultivars of Triticum aestivum, PBW 621 (C1), DPW 62150
(€2) and HD 2967 (C3). Data: mean * SE; (n = 4). According to DMRT, different small letters at
each growth phase demonstrate statistically significant variation at p < 0.05.
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Fig. 2. Plant fresh mass, sugar, proline, total chlorophyll and carotenoid content of 3 cultivars of
Triticum aestivum, PBW 621 (C1), DPW 62150 (C2) and HD 2967 (C3) at 90 days after
sowing (DAS). Data: mean * SE; (n = 4). According to DMRT, different small letters at
each growth phase demonstrate statistically significant variation at p < 0.05.
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Fig. 3. The regression line depicts the coefficient of correlation between percent nonconformity
in chosen parameters and percent increase in aphid population of three Triticum
aestivum cultivars, PBW 621 (C1), DPW 62150 (C2), and HD 2967 (C3) (bottom to top,
respectively). All cultivars were originally infected with 50 aphids per plant, and the
aphid increase was determined at 90 DAS. The percentage increase in aphid population
on each cultivar was considered as the independent variable (X-axis), whereas selected
parameters were treated as the dependent variable (Y-axis).
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CONCLUSION

Schizaphis  graminum affected the
physiology of wheat cultivars by lowering
the amount of fresh plant mass and
photosynthetic pigments. In addition, the
aphid altered plant nutrition metabolism by
lowering sugar concentrations. In addition,
the aphid induced a stress response in
wheat cultivars as indicated by their
elevated proline level. All of these data
imply that aphid changed the development
and physiological characteristics of its host
in order to satisfy its nutritional
requirements. These findings not only
expand our existing understanding of
insect-plant interactions, but they also
support the development of innovative
strategies to increase wheat output
resistant to phloem-feeding insects. In
correlation research, the dose-response
relation is a basic approach. The response
within one species to varied aphid levels
establishes relationships solely at the level
of the particular species. The inherited
resistance, defense methods, growth and
yield potential of the cultivars of a same
species vary. The treatment of three
cultivars of wheat plant with aphids and the
correlation of cultivar-response factors
produce a reaction at the community level.
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