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Abstract 

Background Cotton (Gossypium hirsutum L.) is one of the most significant fibre and cash crops and plays an impor-
tant role in Indian industrial and agricultural economies. However, over the years quantity and quality have been 
hampered by the pest leafhopper. Leafhopper alone has been shown to cause yield losses of up to 40%. In this study, 
screening and evaluation were performed to identify and categorize 100 cotton genotypes along with 5 checks 
as resistant, moderately resistant, sensitive and highly sensitive to leafhoppers.

Results A total of hundred genotypes were evaluated along with five checks for leafhopper resistance. Based 
on the screening results, a total of 19 genotypes were resistant to leafhoppers, which was on par with the findings 
of the check KC 3. The contents of total soluble sugar, total soluble protein, and total free amino acids were signifi-
cantly positively correlated with the mean grade, whereas total phenols content and trichome density were signifi-
cantly negatively correlated with the susceptibility grade. However, based on screening and biochemical analysis, 
the genotypes KC 2, JR-23, Samaru-26-T, D 4, TCH 1728, RS 253, and B-61-1862 exhibited high resistance to leafhopper.

Conclusion According to the findings of this study, choosing genotypes with high total phenolics content together 
with high trichome density and low contents of total soluble sugar, total soluble protein, and free amino acids may 
aid in the development of resistant genotypes.
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Background
Cotton (Gossypium hirsutum L., (2n = 4x = 52)) is an 
allotetraploid species and one of the most significant 
fibre and cash crops. It plays an important role in India’s 
industrial and agricultural economies. It provides the 
textile industry with the primary raw material (cot-
ton fiber). Cotton is one of the world’s oldest and most 
ancient crops and is cultivated worldwide. India accounts 
for 26% of global production (Rajput et  al.  2023). In 
India, both the quality and quantity of cotton have 
decreased over the years. The key cause of yield reduc-
tion was pest attack (Murugesan et al. 2010). Among all 
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the pests, the major constraints were sap-sucking pests 
(Syed et  al.  2003; Rizwan et  al.  2021). However, among 
sucking pests, the most serious threat is posed by the 
leafhopper (Halder et al. 2016; Manivannan et al. 2021). 
The leafhopper attacks cotton during the growing sea-
son in all regions of the plant. During feeding, poison is 
injected into the leaves, causing aberrant alterations such 
as reddening and marginal chlorosis. When there are an 
enormous number of hoppers, stunted growth occurs, 
and the leaves bend downwards leading to severe boll 
losses, which in turn affect cotton yield. A 25%–40% yield 
reduction was registered due to leafhoppers (Ahmed 
et  al.  2005). As a result, pest management approaches 
must be investigated. The widespread usage of pesti-
cides in combating hoppers has led to the ability of these 
pests to withstand high pesticide dosages without dying 
(Rohini et  al.  2011). This leads to the use of additional 
pesticides to achieve good control measures, resulting in 
increased pesticide pollution and disruption of the natu-
ral ecological balance (El-Sherbeni et al. 2019). Therefore, 
alternative approaches should be considered for the con-
trol of these sucking insects. Host plant resistance (HPR) 
offers a cost-effective and ecologically friendly way to 
reduce sucking insect pests. Therefore, the adoption of 
resistant cultivars is one of the best alternative strategies 
(Nawab et al. 2014; Salman et al. 2011) for combating leaf 
hoppers.

A variety of metabolic reactions contribute to host plant 
resistance to insect invasion. Certain chemicals function 
as feeding stimulants to stimulate insect feeding, whereas 
other chemicals interfere  with the insects by impart-
ing nonpreference, and antibiosis, disrupting the insects’ 
metabolism to hinder their growth, development, and 
reproduction. It includes the biochemical properties of a 
plant, such as the production of phenolics, total sugars, 
total amino acids, and total proteins (Sandhi et al. 2017; 
Manivannan et al. 2021). Bhoge et al. (2019) investigated 
the biochemical HPR traits of resistance in cotton and 
discovered that the resistant varieties exhibited higher 
levels of phenolics in comparison to susceptible types and 
witnessed a negative correlation between total phenols 
and leafhoppers. Previous studies on HPR in cotton have 
mostly concentrated on morphological traits with fewer 
reports on biochemical traits together  with a limited 
number of genotypes. In contrast to these investigations, 
we employed a far wider variety of genotypes encompass-
ing the morphobiochemical HPR characteristics, from 
poisonous to pleasant to insects, including larger concen-
trations of sugars and soluble proteins.

In light of the above findings, the main aim of this study 
was to screen and evaluate cotton (Gossypium hirsutum 
L.) germplasm for resistance to leafhoppers.

Results
Screening of the germplasm
The germplasm was screened, and grades were 
assigned based on the symptoms displayed by the 
plants. The mean grade index was computed based on 
the infection symptoms. Among the total genotypes 
(Table S1), 19 entries were recorded with a scoring 
grade of 1 and were on par with a check (KC3), namely, 
Samaru-26-T, TCH 1728, JR-23, Pelimond Cleveland, 
415\49-45F X LSS 3\63, D 4, PRS 12, SH 169, RS 253, 
TCH 1742, TCH 1569, KC 2, RU 4\4, TCH 1807, Paula, 
TCH 1811, TCH 1820, B-61-1862, and Alabar-637. 
Fifty-six entries were recorded with a scoring grade of 
2, and twenty-three genotypes were recorded with a 
scoring grade of 3. Six genotypes were recorded with 
a scoring grade of 4, viz., G 4836, Acala-1577-D, MU 2, 
Coker, D 16, and RS 267.

Evaluation of resistance to leafhoppers
Morphological traits conferring resistance to leafhoppers
Trichome density evaluation revealed high variation 
in trichomes across the studied germplasm accessions 
(Table  1,  Table S1, Fig.  1a). The trichome density var-
ied from 125.50 to 420.50  cm−2. MU 2 had a lower 
trichome density (125.50  cm−2) but JR-23 had a high 
trichome density (420.50  cm−2). The genotypes viz., KC 
2, JR-23, Samaru-26-T, D 4, SH 469, RS 253, and Paula 
showed trichome density on par with that of the check 
cultivar KC 3.

Biochemical parameters
The results revealed that the biochemical parameters, 
namely, total phenols content, total soluble sugar content, 
total free amino acids content, and total soluble protein 
content, exhibited extremely significant variability across 
the cotton genotypes (Table 1, Table S1, Table S2, Fig. 1b 
and Fig. 1c). The total soluble protein content varied from 
20.99 to 53.41 mg·g−1, with KC 2 (20.99 mg·g−1) having 
the lowest total soluble protein. However, IC 263 SF (sus-
ceptible genotype) had the highest level (53.41  mg·g−1), 
which was greater than that of the check CO 17. The total 
soluble sugar content ranged from 3.68  to 7.70  mg·g−1, 
with genotype JR-23 (resistant) having the lowest level 
(3.68 mg·g−1) and G 4836 (highly susceptible) having the 
highest (7.70 mg·g−1). The total free amino acids content 
ranged from 17.07 to 24.44 mg·g−1, with KC 2 and BP-52 
NC-62 containing the least amount (17.07  mg·g−1) and 
Tamcot SP 215 containing the most (24.44 mg·g−1). The 
total phenolic content varied from 2.38  to 6.65  µg·g−1, 
with MU 2 belonging to the susceptible class having the 
lowest content (2.38  µg·g−1) and the genotype RS 216 
having the highest (6.65 µg·g−1).
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Correlations between morphological and biochemical 
parameters and the mean grade index
The correlation analysis results are displayed in Table 2. 
The results revealed that total soluble protein content 
(r = 0.72**), total soluble sugar content (r = 0.61**), and 
total free amino acids content (r = 0.44**) were signifi-
cantly positively correlated with the mean grade index. 
Total phenols content (r = −0.64**) and trichome density 
(r = −0.79**) were significantly negatively correlated with 
the mean grade index.

Discussion
Screening of the germplasm
The overall germplasms differed significantly from each 
other based on infection symptoms, which is in accord-
ance with the findings of Bhoge et al. (2019). Based on the 
mean grade index, 19 entries were recorded with a grade 
of 1 and were on par with a check (KC 3), indicating that 
they were attacked less by the leafhopper. Hence, these 
plants are resistant, which may be due to the presence 
of high amounts of biochemical traits such as total phe-
nols content (Neelima et  al.  2010; Nishanth et  al.  2016) 
and trichome density (Manivannan et  al.  2017). Fifty-
six accessions were found to be moderately resistant; 
twenty-three genotypes were found to be susceptible, 
and six genotypes were found to be highly susceptible, 
indicating that they have no inherent capability to resist 
the leafhopper throughout its growth stages. According 
to Bhoge et al. (2019) and Manivannan et al. (2021), sus-
ceptibility is due to low trichomes and high amounts of 
biochemical components such as total sugar, soluble pro-
tein, and total free amino acids.

Evaluation of resistance to leafhoppers
Morphological traits conferring resistance to leafhoppers
The evaluation of trichome density showed high variation 
in trichomes across the studied germplasm accessions 
which was also reported by Khalil et al. (2017), Pushpam 
and Ravikesavan (2019). Morphological studies revealed 
that trichome density was greater in plants with resist-
ant/tolerant genotypes which confer resistance to leaf-
hopper infestation. Manivannan et al. (2017) and Bhoge 
et al. (2019) reported that tolerant genotypes were found 
with a greater number of trichomes. As a result, leaf tri-
chomes may be regarded as a key criterion for leafhopper 
resistance.

Biochemical parameters
Plant biochemical compounds have a significant impact 
on insect resistance. These compounds function as 
physiological inhibitors, feeding stimulants, or nutri-
ent deficit inducers or by inhibiting insect development 
and metabolism. These findings were notable because of 
their antibiosis and nonpreference mechanisms for insect 
resistance (Rizwan et al. 2021). The results revealed that 
the biochemical parameters exhibited high variabil-
ity across the cotton genotypes which is also supported 
by the findings of Bhoge et al. (2019). The estimation of 
contents of total soluble sugar, total free amino acids, 
and total soluble protein in the screened germplasms 
revealed that the susceptible genotypes had higher con-
tents of these compounds in comparison to the resistant 
genotypes. These compounds act as feeding stimulants 
for insects (Praveen et  al.  2013) which is in accordance 
with the findings of Pushpam and Ravikesavan (2019), 

Table 1 ANOVA results

Morphological/biochemical parameter Factor Sum of squares df Mean square F Significance 
(P value)

Trichome density/(cm−2) Between groups 341 967.634 3 113 989.211 56.089 0.000

Within groups 205 260.666 101 2 032.284

Total 547 228.300 104

Total soluble protein content/(mg·g−1) Between groups 4 126.367 3 1 375.456 39.161 0.000

Within groups 3 547.476 101 35.124

Total 7 673.843 104

Total soluble sugar content/(mg·g−1) Between groups 45.707 3 15.236 20.114 0.000

Within groups 76.504 101 0.757

Total 122.211 104

Free amino acids content/(mg·g−1) Between groups 63.909 3 21.303 10.384 0.000

Within groups 207.194 101 2.051

Total 271.103 104

Total phenols content/(µg·g−1) Between groups 40.214 3 13.405 26.705 0.000

Within groups 50.696 101 0.502

Total 90.910 104



Page 4 of 8Mawblei et al. Journal of Cotton Research            (2024) 7:19 

Fig. 1 a Graphical representation of trichomes with grade. b Graphical representation of various biochemical parameters with grade. c Graphical 
representation of total phenols content with different grades
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and Murugesan et al. (2010) for total soluble protein, and 
Bhoge et al. (2019) for total soluble sugars. Manivannan 
et al. (2021) and Rizwan et al. (2021) also reported that 
leafhopper-susceptible varieties have a greater content 
of amino acids. Phenol serves as a vital line of defense, 
preventing insects from consuming it. The total phenolic 
content was found to be greater in the resistant geno-
types. According to Constabel and Barbehenn (2008), 
phenolic compounds hamper the development and sur-
vival of insects. Similar findings were reported by Nis-
hanth et al. (2016) and Pushpam and Ravikesavan (2019) 
who found that resistant genotypes have a greater phenol 
content than susceptible genotypes.

Correlations between morphological, and biochemical 
parameters and the mean grade index
The correlations among the studied parameters revealed 
that all the intercorrelations were significant. The results 
revealed a significantly positive correlation between total 
soluble protein content, total soluble sugar content and 
total free amino acids content and the mean grade index. 
This indicates that the sensitive genotypes have more 
of these biochemical compounds than the resistant geno-
types. Pushpam and Ravikesavan (2019) and Rizwan et al. 
(2021) reported a significant positive correlation between 
these parameters and the index. However, total phenolics 
content and trichome density were significantly negatively 

correlated with the mean grade index, as they make plant 
sap less palatable to insects, which inhibits their capacity 
to consume plants, alters their metabolism, and reduces 
their ability to reproduce (War et al. 2012) which is con-
sistent with the findings of Rizwan et al. (2021), Parveen 
et al. (2001), and Bhoge et al. (2019).

According to the observations stated above, leafhopper 
resistance seems to be governed by the plant’s intrinsic 
ability to produce a greater content of total phenol, more 
trichomes and leaf pubescence, and a lesser content of 
soluble sugars, free amino acids and soluble proteins.

Conclusion
The results of the present study demonstrated the geno-
typic injury indices and resistance categories of the dif-
ferent genotypes. Moreover, biochemical parameters 
and trichome density are important for determining leaf-
hopper resistance and can be used as a benchmark for 
screening large populations for leafhopper resistance and 
narrowing down the progenies for field evaluation. Thus, 
they may assist the  cotton grower in selecting varieties 
for their location by taking insect risk into account. It was 
also revealed that the selection and use of genotypes with 
higher phenols content and trichome density and a lower 
content of soluble sugar, amino acids, and soluble protein 
may be helpful for creating leafhopper-resistant genotypes. 
Thus, among the germplasm accessions, the genotypes 

Table 2 Correlations among biochemical and morphological parameters and the mean grade index

a  significant at the 5% probability level, b significant at the 1% probability level

TD trichome density, TSP total soluble protein content, TP total phenols content, TSS total soluble sugar content, FAA free amino acid content

Morphological/
biochemical 
parameter

TD TSP TSS FAA TP Grade

TD 1

TSP -0.61b 1

TSS -0.50b 0.69b  1

FAA -0.42b 0.45b 0.21a 1

TP 0.47b -0.64b -0.54b -0.29b 1

Grade -0.79b 0.72b 0.61b 0.44b -0.64b 1

Table 3 Grading of different genotypes based on infestation symptoms (Sikka et al. 1966)

Grades Symptoms

1 Leaves free from crinkling or with no yellowing, bronzing and drying

2 Few leaves on the lower portion of the plant curling, crinkling and slight 
yellowing

3 Crinkling and curling all over, yellowing, bronzing and browning 
in the middle and lower portion, plant growth hampered

4 Extreme curling, yellowing, bronzing and browning, drying of leaves 
and defoliation, stunted growth
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that exhibit high resistance to leafhoppers namely KC 2, 
JR-23, Samaru-26-T, D 4, TCH 1728, RS 253, and B-61-
1862 can be effectively used in an extensive hybridization 
program to increase the levels and broaden the sources of 
resistance against targeted insect pests.

Methods
This research study was conducted at the Depart-
ment of Cotton, Tamil Nadu Agricultural University 
(TNAU), Coimbatore, India (2021–2022). The geno-
types were raised in Augmented Block Design I (Federer 
and Raghavarao 1975), which consisted of a total of 100 
germplasms along with 5 checks (KC 3, MCU 5, SVPR 
6, CO 14, and CO 17) with a spacing of 90  cm (row to 
row) × 45 cm (plant to plant). The checks were replicated 
for every 10 rows of germplasm. During the whole trial, 
no pesticide was used to allow the cotton leafhopper to 
proliferate. All recommended agronomic techniques 
were used to increase crop output over the whole crop-
ping period.

Screening of the germplasm
One hundred germplasm accessions along with five 
checks were screened under field conditions. Five ran-
domly selected plants from each genotype were tagged. 
Three leaves (top, middle, bottom) were taken from the 
selected plants. The tagged plants from each entry were 
scored and graded on the  30th,  45th,  60th, and  75th day 
after sowing, based on the infection symptoms (Table 3) 
and the mean grade score of each entry was calculated. 
Based on the grade score, the entries were categorized 
into four groups: resistant (Grade 1), moderately resist-
ant (Grade 2), susceptible (Grade 3), and highly sus-
ceptible (Grade 4) as per Sikka et  al. (1966) with slight 
modifications.

Evaluation of resistance to leafhoppers
Morphological traits conferring resistance to leafhoppers
Fresh leaf samples were taken 45 days after sowing. 
Estimation was performed on the third fully grown 
leaf. Leaf samples were cut into 1  cm leaf pieces and 
boiled in 20 mL of water in small glass vials for 15 min 
before being removed. The leaf pieces were then 
heated in 20 mL of 96% (volume fraction) ethyl alco-
hol for approximately 20  min at 80 °C. After boiling, 
the alcohol was removed and the process was repeated 
with fresh alcohol until the chlorophyll content of the 
leaf fragments was completely removed. After remov-
ing the alcohol from the boiling tube, 90% (mass frac-
tion) lactic acid was added to the vials, which were 
then sealed and heated at 85 °C for 35–45  min until 
the leaf segments were cleared. After the heating steps 
were completed, the vials were allowed to cool before 

the leaf fragments were extracted and placed on a 
glass slide with a pinching of lactic acid to count the 
trichomes. Trichomes in a one-centimeter area were 
counted using a Leica stereo  zoom binocular micro-
scope. The trichome density was expressed as tri-
chomes per  cm2 of leaf area.

Estimation of biochemical host plant‑related traits
Total soluble proteins, total soluble sugars, free amino 
acids, and total phenols were estimated in the leaves of 
the cotton accessions. Five healthy plants from each gen-
otype were selected 50 days after sowing. The third and 
the fourth opened fresh leaves from the top of each plant 
were used for biochemical analysis at the Department of 
Biochemistry, TNAU, Coimbatore, India. The biochemi-
cal components of the cotton cultures were noted dur-
ing the experiment. This was achieved by adhering to the 
guidelines provided below.

a. Estimation of total soluble protein content The 
estimation of total soluble protein was carried out 
using the technique given by Lowry et  al. (1951). A 
500  mg leaf sample was taken from each of the 100 
genotypes, along with 5 checks. The samples were then 
centrifuged and extracted with the buffer. The sample 
(0.2 mL) extract was pipetted into a test tube. Working 
standard solutions of 0.2, 0.4, 0.6, 0.8, and 1.0 mL were 
pipetted into a series of test tubes. The volume of each 
tube was adjusted to 1 mL with distilled water. A tube 
with 1 mL of water served as a blank. Five milliliters of 
an alkaline copper solution were added to each tube, 
which was thoroughly mixed before being incubated 
for 10 min at room temperature. Then, the tubes were 
filled with 0.5  mL of Folin-Ciocalteu reagent, mixed 
immediately, and incubated at room temperature in 
the dark for 30  min. Then, the absorbance at 660  nm 
was measured against a reagent blank. A standard 
graph was generated, after which the total amount of 
protein in the sample was determined and expressed 
as mg·g−1.

b. Estimation of total soluble sugars The estimation of 
total soluble sugars was performed using the standard 
technique given by Dubois et  al. (1951). Leaf samples 
(50 mg) were extracted in a 2 mL solution of 95% (mass 
fraction) methanol. Sample extract, 5% (mass fraction) 
phenol, and 96% (mass fraction) sulfuric acid were used 
to create the assay solution. Leaf extract (1 mL), phenol 
(0.5 mL), and sulfuric acid (2.5 mL) were added to glass 
tubes. The tubes were carefully shaken, then placed in a 
water bath (26–30 °C) for 20 min. The absorbance of the 
colored solution was subsequently measured at 490 nm. 
Various concentrations of glucose (0.1–3.0  mg with 
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0.5  mg intervals and 3–6  mg with 1  mg intervals) were 
added to 4  mL of distilled water. The tubes were then 
placed in a water bath (26–30 °C) for 20 min. The absorb-
ance was measured at 490  nm. A standard curve was 
plotted by plotting glucose concentration (x-axis) against 
the absorbance at 490 nm (y-axis).

c. Free amino acid estimation The total free amino acids 
were assessed using the ninhydrin assay as described 
by Moore and Stein (1948). Leaf samples (500  mg) 
were taken from each of the 100 genotypes, along with 
5 checks and ground with 10  mL of 80% (mass frac-
tion) ethanol. The contents were centrifuged for 5  min 
at 10 000 r·min−1 after which the supernatant was col-
lected. Working standard solutions of 0.2, 0.4, 0.6, 0.8, 
and 1.0  mL were pipetted into a series of test tubes. A 
total of 0.5 mL of sample extract was removed from the 
test tube. The test tubes were filled with 1 mL of ninhy-
drin reagent and thoroughly mixed. Distilled water was 
added to bring the volume up to 1  mL. Four milliliters 
of ninhydrin-citrate-glycerol were added and the mix-
ture was thoroughly mixed. Following a 15-min boil, the 
tubes were allowed to cool under running water, and the 
absorbance of the purple color was measured at 570 nm 
(green filter) against a reagent blank. Using a standard 
curve made from leucine, which was obtained by pipet-
ting out 0.1–1.0  mL (10–100  mg range) of the working 
standard solution, the total amount of free amino acids 
was determined and expressed as mg·g−1.
d. Estimation of total phenol content The total phenolic 
content was determined using the  Folin-Ciocalteu rea-
gent, as described by Bray and Thorpe (1954). A 500 mg 
leaf sample was taken from each of the 100 genotypes, 
along with 5 checks and ground with 80% (mass frac-
tion) ethanol. After incubating for 20 min, the homoge-
nate was centrifuged at 10 000 r·min−1 after which the 
supernatant was collected. The residue was extracted 
five times in 80% ethanol, centrifuged, and then pooled 
with the supernatant, which was then evaporated to dry-
ness. The sample was dissolved in distilled water to a final 
volume of 5 mL. The various aliquots (0.2 to 2 mL) were 
pipetted into test tubes, and the volume in each test tube 
was increased to 6 mL with distilled water. Folin-Ciocal-
teu reagent 0.5 mL was added. After 3 min, 2 mL of 20% 
(mass fraction)  NaClO3 solution was added. The solution 
was combined thoroughly. After the tubes were cooled 
and submerged in boiling water for precisely one min-
ute, the absorbance at 650  nm was determined against 
a reagent blank. A standard curve was developed using 
various concentrations of catechol. The concentration of 
phenols present in the test sample was determined and is 
expressed as μg·g−1.

Statistical analysis
The data collected were examined separately, an analysis 
of variance was applied, and correlation matrix was gen-
erated using IBM SPSS version 26. The data provided in 
the tables are the mean values.
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