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Abstract

The sorghum shoot fly, Atherigona soccata (Muscidae: Diptera), represents a
significant biotic constraint to sorghum production, leading to considerable
yield losses globally. This study aimed to systematically classify sorghum
genotypes based on their resistance to A. soccata infestation. A total of 188
genotypes were subjected to rigorous evaluation employing standardized
screening methodologies. The analysis revealed substantial variability in
resistance levels across the genotypes. Based on damage assessments in field
trials, 14 genotypes were selected for further investigation under controlled
pot culture conditions. Comprehensive biochemical analyses were conducted
on each genotype under both uninfested and infested scenarios. Among the
evaluated genotypes, IS 10588 and IS 8380 exhibited high levels of resistance,
IS 12787 demonstrated moderate resistance, while TNFS 230 was classified as
moderately resistant to A. soccata infestation. Critical morphological and
biochemical traits associated with resistance were identified, including
trichome density, leaf glossiness, and enzyme activity levels of peroxidase
(PO), polyphenol oxidase (PPO), tannins and phenolic compounds. The study
concludes that these morpho-physiological and biochemical characteristics
contribute significantly to the resistance mechanisms in sorghum against A.
soccata. Thus, these identified genotypes may serve as valuable genetic
resources for breeding programs aimed at enhancing resistance to A. soccata
in sorghum.
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Introduction

Sorghum (Sorghum bicolor) is an ancient cereal grain cultivated across diverse
climatic regions, recognized for its nutritional profile and adaptability in
various culinary applications. It is notably rich in phenolic compounds, many
of which exhibit antioxidant properties, rendering it particularly beneficial for
individuals with gluten intolerance or celiac disease. The intricate starch
composition of sorghum results in slow digestibility, which is advantageous
for managing certain health conditions. Additionally, sorghum's reduced
requirement for water and fertilizers relative to other cereal crops positions it
as a critical element in sustainable agricultural practices (https://
sorghumgrowers.com). While sorghum is cultivated globally, Sudan, Nigeria,
India and the USA collectively account for approximately 57% of the
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worldwide sorghum cultivation area and 45% of its total
production.

Despite its agricultural significance, sorghum is
susceptible to various pests, including stem borers, shoot
flies, green bugs, midges, leaf beetles, aphids and earhead
bugs, leading to an estimated annual yield loss exceeding
USS1 billion (1). Among these pests, the sorghum shoot fly,
Atherigona soccata, poses a particularly grave threat,
contributing to economic losses estimated at over US$274
million annually (2). The adult shoot fly oviposits eggs on
the abaxial surface of sorghum leaves, typically near the
midrib (3, 4). Following a 2-4 day incubation period, larvae
(maggots) emerge and migrate to the leaf's adaxial surface,
subsequently penetrating the stem at the growing point.
The larvae feed on the senescent tissues of the plant,
resulting in the characteristic "deadheart" symptom, which
severely impairs plant vigor. Upon completion of feeding,
the larvae pupate within the stem or at the soil surface, with
the pupal stage lasting approximately 7-10 days before
adult emergence (5). The developmental cycle of the shoot
fly, influenced by abiotic factors such as temperature and
humidity, typically spans 21-28 days. This rapid lifecycle,
characterized by high fecundity and multiple generations
annually, is exacerbated by the pest’s ability to utilize
alternative host plants, including other cereals and weeds.
Furthermore, the widespread cultivation of improved but
susceptible sorghum varieties, continuous cropping
practices, and reduced genetic variability within sorghum
populations have collectively facilitated the establishment
of the shoot fly as a predominant pest in sorghum
agroecosystems (6).

Integrated pest management (IPM) strategies for
controlling the sorghum shoot fly encompass practices such
as timely scouting, adjusting planting dates, increasing seed
densities, removing and disposing of infested seedlings,
treating seeds with insecticides and employing cultural
practices such as intercropping and crop rotation (7).
However, several challenges hinder the effective
implementation of these IPM strategies, including climate
variability leading to unpredictable rainfall, the escalating
costs of insecticides, the emergence of insecticide-resistant
pest populations, environmental contamination from
chemical inputs, and a shortage of labor for mechanical pest
control (8). Host plant resistance (HPR) represents a
foundational approach in sustainable crop protection,
particularly for sorghum, where water scarcity frequently
limits yields and farmers are often reluctant to invest in
costly chemical inputs. HPR allows for the transmission of
resistance traits to subsequent generations, providing a
long-term pest management solution that can be
augmented with other IPM strategies as necessary. This
resistance is particularly beneficial for managing pests like
the shoot fly, which predominantly target the vulnerable
early seedling stages, complicating pest monitoring and
control efforts. If left unmanaged, shoot fly infestations can
lead to poor crop establishment and significant resource
wastage due to insufficient plant cover.

In light of the benefits of employing HPR to manage
A. soccata, ongoing efforts are focused on identifying
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resistant genotypes and elucidating the mechanisms
underlying their resistance. This study aimed to evaluate
188 sorghum genotypes for resistance to A. soccata
infestation, with findings contributing to the understanding
of resistance mechanisms and aiding future breeding
programs.

Materials and Methods
Plant Material

During the late Rabi season (December to April) of 2023-
2024, a total of 188 sorghum genotypes maintained by the
Department of Millets at Tamil Nadu Agricultural
University, Coimbatore, India, were systematically
screened for resistance against the sorghum shoot fly
(Atherigona soccata). Alongside these genotypes, two
resistant controls (IS18551 and 1S2205) and two
susceptible controls (DJ6514 and Swarna) were
incorporated into the evaluation to provide benchmarks
for resistance assessment.

Field Screening

The field screening experiment was conducted utilizing a
randomized complete block design (RCBD) with three
replications. Each genotype was planted in a single row on
10-meter-long ridges, maintaining a spacing of 45 cm
between rows and 15 cm between plants. The experiment
was executed under standard agronomic practices,
without the application of insecticides, to ensure an
accurate assessment of natural resistance.

Phenotypic Data Collection on Biophysical Factors

Leaf Glossiness: Leaf glossiness was visually assessed 14
days after seedling emergence (DAE) during the early
morning hours. A scoring scale from 1 to 5 was employed,
where 1 represented non-glossy leaves (characterized by
dark green, dull, broad, and drooping leaves) and 5
denoted highly glossy leaves (identified as light green,
shiny, narrow, and erect) (9).

Seedling Vigor: Seedling vigor was evaluated at 10 DAE
using a 1 to 5 rating scale. A score of 1 indicated poor vigor
(weak plants with stunted growth), 2 represented low
vigor (shorter plants with limited leaf expansion), 3
indicated moderate vigor (average plant height and leaf
development), 4 signified good vigor (healthy plants with
optimal leaf expansion) and 5 denoted high vigor
(maximum height and robust growth) (10).

Dead heart Percentage (DH%): The dead heart
percentage was recorded at 15, 21 and 28 DAE by assessing
plant populations and counting the number of plants
exhibiting dead heart symptoms during these observation
periods. The formula employed for calculation was:

Dead heart (%)=(Number of plants with dead heart)/
(Plant population)x100

Based on infestation rates, the genotypes were
categorized into five resistance groups: Highly Resistant (1
-5%), Resistant (5-25%), Moderately Resistant (25-50%),
Susceptible (50-85%) and Highly Susceptible (>85%) (11).

Trichome Density: Trichome density was assessed at 21
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DAE on both the abaxial (lower) and adaxial (upper) leaf
surfaces. The central sections of the third or fifth leaf from
the base were examined using a random sample of five
seedlings per genotype (10). Leaf segments (2 cm?) were
subjected to a chlorophyll-clearing procedure utilizing a
glacial acetic acid and 70% ethanol solution (2:1 ratio) for 24
hours. Following this, samples were transferred to lactic
acid in small vials for a duration of up to five days. The
cleared leaf bits were mounted on slides and examined
under a phase contrast microscope (Euromex iScope,
Eu2160058®%, The Netherlands) at 10x magnification.
Trichomes were enumerated on both leaf surfaces across
three randomly selected microscopic fields, with trichome
density expressed as the number of trichomes per mm?,

Oviposition Percentage: Oviposition data were recorded at
28 DAE by assessing the number of eggs and the number of
seedlings with eggs to calculate the oviposition percentage.
The formula used was:

Oviposition Percentage=(Number of seedlings with eggs)/
(Plant population)x100

Genotypes were subsequently categorized into five
groups based on oviposition percentage: Highly Resistant (1
-5%), Resistant (5-25%), Moderately Resistant (25-50%),
Susceptible (50-85%) and Highly Susceptible (>85%) (11).

Plant Preparation and Sampling for Biochemical Analyses

Seeds from selected genotypes were sown in plastic trays
(15 cm height x 30 cm diameter) filled with a potting mix
comprising equal parts sand, red earth and vermicompost.
These trays were placed within insect-proof cages (60 x 60 x
60 cm). Following germination, seedlings were thinned to
one per pot at 7 days after sowing (DAS). Uniform
fertilization was applied post-thinning and watering was
performed regularly. At 10 DAS, plants exhibiting uniform
growth were allocated to two groups: one for infested
conditions and another for uninfested conditions, each
protected within separate insect-proof cages (90 x 90 x 60
cm) (13).

Adult A. soccata flies were collected from the field
utilizing fish meal-baited traps and subsequently separated
by sex via brief exposure to refrigerated conditions (15 °C).
The flies were then introduced into the cages containing
plants designated for the infested group. Leaf samples were
collected from each genotype at 25 DAE using a sharp,
sterile razor. The third and fourth fully expanded leaves
were excised at their base, wrapped in aluminum foil, stored
in ice boxes, and transported to the laboratory. The samples
were preserved in a -20°C deep freezer until further
analyses.

Biochemical Analyses

Peroxidase Enzyme (PO): Five grams of plant tissue were
homogenized with phosphate buffer in a 1:5 ratio and
centrifuged for 15 minutes at 3000 rpm. The supernatant
was utilized as the enzyme source. In a test cuvette, 3 mL of
pyrogallol, 0.1 mL of enzyme extract and 0.5 mL of 1%
H,PO, were combined. Absorbance was measured every 30
seconds for 3 minutes at 430 nm using a spectrophotometer
(14).

Protein Content: Protein content in sorghum leaves was
estimated using the Lowry method. A 0.5 g sample was
ground with 10 mL of phosphate buffer, centrifuged and the
supernatant was used for protein estimation. Bovine serum
albumin served as the working standard, with varying
volumes (0.2, 0.4, 0.6, 0.8 and 1 mL) prepared in different
test tubes. Two test tubes containing 0.1 mL and 0.2 mL of
enzyme extract were also included, with volumes adjusted
to 1 mL. Subsequently, 5 mL of alkaline copper solution was
added to each tube, followed by a 10-minute incubation.
Afterward, 0.5 mL of Folin-Ciocalteu reagent was added, and
the mixture was incubated in the dark for 30 minutes. The
color developed was measured at 660 nm absorbance (14).

Total Soluble Sugars: A 0.5 g plant sample was
homogenized with 10 mL of 80% ethanol at room
temperature. Sugars were extracted by centrifugation, with
the extraction process repeated thrice. A 0.1 mL portion of
the extract was placed in test tubes, and the volume was
adjusted to 1 mL using distilled water. Then, 4 mL of
precooled anthrone reagent was added to the test tubes,
followed by a 5-minute incubation in a water bath. After
cooling, the absorbance of the resulting dark green color
was measured at 630 nm (14).

Amino Acids: A 0.5 g plant sample was ground with 10 mL of
80% ethanol and centrifuged for 10 minutes at 3000 rpm.
The residue underwent double extraction, and the
supernatant was used to estimate total amino acids. In test
tubes, 0.1 mL of the extract was mixed with 1 mL of
ninhydrin, with the volume adjusted to 2 mL using distilled
water. The tubes were placed in a water bath for 20 minutes.
Afterward, a diluent mix of 5 mL was added and the
intensity of the purple color was measured at 570 nm after
15 minutes using a colorimeter (14).

Total Phenols: A 0.5 g plant sample was extracted with 10
mL of 80% ethanol and centrifuged at 3000 rpm for 10
minutes. Pyrocatechol solution was used as the working
standard in varying volumes (0.1, 0.2, 0.3, 0.4 and 0.5 mL)
across different test tubes. A 0.5 mL extract was taken, and
the volume was adjusted to 3.5 mL with distilled water.
Subsequently, 0.5 mL of Folin-Ciocalteu reagent was added
and allowed to react for 5 minutes, followed by the addition
of 1 mL of 20% Na,CO;. Optical density was measured at 660
nm after a 30-minute incubation (14).

Tannins: The extraction method was identical to that used
for phenol estimation. A 0.5 mL portion of the sample
extract was diluted to 7.5 mL with water in a test tube.
Following this, 0.5 mL of Folin-Denis reagent and 1 mL of
Na,CO; were added. After a 30-minute incubation,
absorbance was measured at 700 nm (14).

Chlorophyll: A 0.5 g plant sample was extracted with 25 mL
of acetone, divided into five 5 mL aliquots. The mixture was
centrifuged at 3000 rpm for 10 minutes and the supernatant
was used for estimation. The final volume was adjusted to
25 mL with acetone. Absorbance readings were taken at
wavelengths of 645 nm and 663 nm against a solvent blank
(15).
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Statistical Analysis

Field data from the RCBD experiment were subjected to one
-way ANOVA. Differences were evaluated for significance
using the Tukey HSD test and treatment means were
compared using LSD at a 5% probability level. Genotypes
were classified into distinct clusters based on phenotypic
traits associated with shoot fly resistance, such as leaf
glossiness, oviposition percentage, deadheart percentage,
and trichome density, using cluster analysis. The Pearson
correlation coefficient method was employed to calculate
correlations among biophysical factors and between
biochemical and biophysical factors. Principal component
analysis (PCA) was performed to reduce dimensionality
within large datasets. All statistical analyses were executed
using R software version 4.4.0.

Results

Field Screening of Sorghum Genotypes for Shoot Fly
Infestation at Different Growth Stages through
Morphological and Biochemical Attributes

Morphological Attributes

Leaf Glossiness: The assessment of leaf glossiness revealed
a score range of 1.2 to 5.0 among the genotypes. Notably,
the resistant checks, IS 18551 (4.5) and IS 2205 (4.7),
exhibited the highest glossiness scores, indicating their
potential resistance to infestation. In stark contrast, the
susceptible checks, DJ 6514 (1.6) and Swarna (1.8),
demonstrated the lowest scores (Fig. 2A, 2B; Table 2).

Seedling Vigor: Evaluation of seedling vigor across 188
genotypes utilized a scale from 1 to 5. Genotypes SOR
14083, SOR 14088, SOR 14105, SOR 14106, SOR 14110, SOR
14116, 1S 158, IS 1859, IS 18088, IS 362, IS 4807, TNS 702 and
TNS 704 showed maximum vigor and resistance to shoot fly.
The resistant checks IS 18551 and IS 2205 also scored high
on this metric, with ratings of 4.9 and 4.5, respectively.
Conversely, the susceptible checks Swarna and DJ 6514
reflected lower vigor ratings of 2.1 and 2.6, respectively (Fig.
2C; Table 2).

Deadheart Percentage (DH%): At 14 days after emergence
(DAE), the DH% due to shoot fly infestation ranged
significantly from 1.03% to 33.4%. Notably, several
genotypes demonstrated less than 5% DH, including IS
18551 (0.6%), IS 13803 (1.03%), IS 2205 (1.5%) and SOR
14088 (3.1%). By 21 DAE, DH% escalated to between 2.2%
and 66.6%, with IS 9709 (2.2%) and IS 10558 (3.5%)
maintaining less than 5% DH. The trend continued at 28
DAE, where DH% varied from 4.8% to 85.7%, with IS 10558
(4.8%) exhibiting robust resistance. Among the evaluated
genotypes, 51 were classified as resistant (5-25%), 102 as
moderately resistant (25-50%), and 34 as susceptible (50-
85%). SOR 14086 was notably highly susceptible at 85.7%.
The resistant checks IS 18551 and IS 2205 showed DH
percentages of 13.1% and 16.2%, while the susceptible
checks Swarna and DJ 6514 recorded 71.4% and 68.4%,
respectively (Table 1).

Trichome Density: A total of 188 genotypes were assessed
for trichome density, revealing that 74 genotypes exhibited
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higher trichome density on the leaf's lower surface
compared to the upper surface. The resistant checks, IS
18551 (308.4/mm? upper and 224.2/mm? lower) and IS 2205
(362.8/mm? upper and 310/mm? lower), demonstrated
significantly higher densities. In contrast, the susceptible
checks, DJ 6514 (255.7/mm? upper and 185.2/mm? lower)
and Swarna (230/mm? upper and 148.5/mm? lower),
recorded considerably lower trichome densities (Fig. 2E, 2F;
Table 2).

Oviposition Percentage: The oviposition percentages
across the genotypes varied significantly, ranging from
1.26% (IS 9437) to 87.5% (SOR 14352). The resistant checks
IS 2205 and IS 18551 recorded oviposition rates of 7.6% and
8.5%, respectively, whereas the susceptible checks, Swarna
and DJ 6514, exhibited significantly higher rates of 50.8%
and 61.6%. Among the 188 genotypes assessed, 5 showed
oviposition percentages below 5%, indicating low
preference for egg-laying. Additionally, 84 genotypes had
oviposition percentages between 5-25%, 63 between 25-
50% and 36 between 50-85% (Table 1).

Number of Eggs: The deposition of eggs varied markedly
among the genotypes. In the resistant checks, IS 18551
harbored 7 eggs on 6 plants, while IS 2205 contained 4 eggs
on 4 plants. In contrast, the susceptible checks, Swarna and
DJ 6514, recorded significantly higher numbers, with 30
eggs on 14 plants and 42 eggs on 31 plants, respectively. The
highest egg count was observed in IS 1096 (43 eggs on 20
plants), while the lowest count was found in SOR 14088,
SOR 14096, SOR 14097, SOR 14122, SOR 14339, IS 9437 and
IS 9489, each with 1 egg on 1 plant.

Correlation within Biophysical Factors: The interrelations
among biophysical factors are depicted in Figure 4A. A
significant positive correlation was established between leaf
glossiness and trichome density on the lower surface (r =
0.24). Conversely, it displayed significant negative
correlations with DH% at 15 DAE (r = -0.16) and a non-
significant negative correlation with oviposition percentage
(r =-0.11), the number of eggs (r = -0.09), trichome density
on the upper surface (r =-0.09), as well as DH% at 21 DAE (r =
-0.12) and 28 DAE (r =-0.13). Seedling vigor was significantly
negatively correlated with oviposition percentage (r =-0.31)
and DH% at 28 DAE (r = -0.20), while also positively
correlated with the number of eggs (r = 0.17). Non-
significant negative correlations were observed with
trichome density on the lower surface (r =-0.01), DH% at 21
DAE (r =-0.05) and leaf glossiness (r =-0.10), alongside a non

Fig 1. Plant preparation for biochemical analysis
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Fig. 2 Biophysical factors A) Glossy leaves B) Non-glossy leaves C) Seedling vigor D) Deadheart E) Trichomed leaves E1) Upper Surface E2) Lower Surface F) Non-
trichomed leaves F1) Upper Surface F2) Lower Surface
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Table 1: Reactions of sorghum genotypes to shoot fly under field conditions

S. No Seedling with eggs Oviposition % Deadheart %

: 21DAE** 21DAE# 15DAE# 21DAE# 28DAE#

1 SOR 14079 2.3(1.65)" 12.5(13.86)%° 0.0(0.12) 12.5(13.87)" 50.0(29.84)Pt
2 SOR 14080 2.3(1.64)"K 8.2(18.17)% 4.1(7.73) = 16.6(22.77)** 25.0(35.84)%°
3 SOR 14081 4(2.08)0 13.7(19.94)%6 0.00(0.12) 20.6(25.67)** 27.5(30.01)"2
4 SOR 14082 3.7(2.0)E 13.6(21.78)%6 4.5(8.11) [-! 27.0(30.94)"Y 45.0 (39.81)%Y
5 SOR 14083 3.3(1.93)F 16.9(23.35)UW 25.3(23.68)P 46.7(39.68)* 60.9(48.84)¢"
6 SOR 14084 2.3(1.64)"* 15.3(23.60)" 8.1(21.82) 9-# 30.6(36.15)8H 61.6(51.41)h
7 SOR 14085 4.6(2.25)8% 28.5(29.19)"¢ 14.5(20.26)NT 53.7(42.94)c 82.6(60.42)°
8 SOR 14086 4(2.11)0 33.3(34.12)* 16.4(23.62)M 23.3(34.70)%S 39.9(47.74)*
9 SOR 14087 5.3(2.34)2% 12.5(25.53)%° 6.3(17.54) /- 19.4(26.35)™ 40.8(39.90)"
10 SOR 14088 2.6(1.73)"K 3.1(13.76)" 3.3(11.92)* 10.0(21.79)0 15.6(27.05)*%
11 SOR 14089 4(2.11)0 37.5(28.28)% 0.0(0.12) 22.7(24.46)%7 58.5(42.78)¢"
12 SOR 14090 8.3(2.96)"¢ 28.5(34.56) 10.8(12.69)*7 25.4(30.31)°7 37.9(41.81)8t
13 SOR 14091 9.6(3.15)°Y 30.4(32.86)BC 17.8(23.11)8H 28.4(30.87)FR 41.7(38.12)*¢
14 SOR 14092 2.3(1.64)HK 10.7(23.97)°* 0.4(8.52) 12.5(24.71)™ 30.3(35.94)7
15 SOR 14093 5.6(2.44)¥ 21.4(24.68)N° 10.8(14.78) Y-7 16.5(22.89)** 26.5(31.34)"°
16 SOR 14094 5.6(2.44) 12.0(22.55)%° 12.5(20.19) T-2 25.6(28.34)°7 43.4(39.23)v¢
17 SOR 14095 4(2.06)°K 20.0(24.65)"° 0.0(0.12) 11.7(23.02)" 41.7(39.60)"
18 SOR 14096 4.7(2.16)5% 8.3(19.93)™% 0.0(0.12) 26.4(27.72)M2 42.7(41.39)vF
19 SOR 14097 3.3(1.88) 6.6(15.57)%% 0.0(0.12) 28.5(31.93)F° 40.0(39.62)v*
20 SOR 14098 2.3(1.56)" 10.0(17.29)*" 15.3(15.13)"® 15.4(25.96)"" 32.7(36.63)-"W
21 SOR 14099 2.3(1.64)H 8.3(17.24)"% 0.0(0.12) 10.8(19.609)0 38.6(37.57)*
22 SOR 14100 2(1.17)+ 12.0(19.6)%° 0.0(0.12) 27.6(28.03)¢T 71.1(51.04)>
23 SOR 14101 2.6(1.73)"K 4.7(15.06)%" 20.0(17.64)<* 25.0(30.88) 7 40.1(44.13)¥
24 SOR 14102 1.6(1.35)%% 12.0(17.63)%* 0.0(0.12) 10.2(21.64)! 12.4(26.50)%"
25 SOR 14103 4.3(2.14)%X 12.5(20.71)%° 19.6(17.37)¢¢ 27.5(27.71)"T 33.6(30.78)-T
26 SOR 14104 3.3(1.93)FK 11.5(19.92)™ 3.4(16.08)™* 9.6(22.28)! 16.9(28.06)%*
27 SOR 14105 1.6(1.35)%% 6.6(16.70)%% 6.4(13.14) #-: 18.8(23.32) % 23.3(26.98) %7
28 SOR 14106 2.6(1.73)H* 13.3(19.36)37 14.0(19.47) O-V 24.4(28.92)™3 43.4(38.52)"8
29 SOR 14107 6(2.52) 14.2(21.82)*5 7.5(18.12) .-% 18.2(25.38)%* 24.8(33.33)%3
30 SOR 14108 5.6(2.44) 33.2(30.72)* 12.4(18.86) U-2 45.9(38.22)" 42.8(38.95)uP
31 SOR 14109 4(2.11)°% 20.0(29.53)P 28.4(28.20)'" 37.8(39.31)s" 58.9(45.82)&*
32 SOR 14110 3(1.81)¢K 6.5(18.73)%* 6.7(21.60)-[ 12.4(25.97)"0 28.3(36.86)5%
33 SOR 14111 4,3(2.18)°X 19.0(22.20)%T 9.9(16.96)>° 21.4(26.01)** 31.0(34.26)°Y
34 SOR 14112 3(1.72)%% 14.2(23.30)¥5 33.7(30.009)" 47.9(38.22)8 57.5(44.10)8™
35 SOR 14113 4(2.04)° 75.0(47.52)° 0.0(0.12) 37.2(40.15)" 59.6(50.61)8
36 SOR 14114 5.3(2.37)%% 55.0(51.94) 12.9(13.38) S-1 53.6(43.81)<¢ 73.5(55.91)°
37 SOR 14115 4.3(2.14)¢ 57.1(48.90)8 31.2(29.92)¥ 64.6(50.77)? 70.3(57.29)"¢
38 SOR 14116 5(2.31)A 11.5(29.41)™ 15.6(27.42)%? 27.1(39.29)"7 34.9(43.68)*°
39 SOR 14120 3.3(1.88)FK 50.0(36.62)" 50.4(37.94)° 47.7(38.97)8 80.0(53.60)2
40 SOR 14121 5.6(2.47)" 40.3(41.10) 27.1(35.93)™ 55.1(47.57)4 71.8(60.39)¢
41 SOR 14122 2.6(1.73)HK 20.0(30.93)"* 19.7(28.22)*® 40.9(41.32)° 38.0(44.82)8t
42 SOR 14123 6(2.52)" 28.5(30.59)P¢ 21.2(27.42)9t 25.0(32.87)¢ 34.8(35.50)*°
43 SOR 14124 4(2.08)°% 66.6(46.68)¢ 31.5(31.70)" 64.5(46.20)° 62.1(47.94)e¢
44 SOR 14125 11(3.37)™ 25.0(38.76)" 5.4(20.40) A-_ 26.7(38.39)%* 29.0(38.51)P%
45 SOR 14126 4(2.08)°% 50.0(39.72) 26.7(4.61)"a 23.4(30.44)"* 47.4(40.51)"
46 SOR 14128 2.3(1.64)"* 33.2(38.51)* 0.0(10.94) 0.0(9.40): 29.4(36.32)PZ
47 SOR 14338 9(3.06)PA 30.6(34.07)8 7.6(10.67).$ 14.8(15.77)*" 22.9(28.97)%®
48 SOR 14339 2.3(1.64)"K 14.1(26.19)%° 28.8(27.17)k™ 26.3(27.16)M2 53.2(42.24)%
49 SOR 14341 3.6(2.01)EX 20.0(25.06)"S 90.5(58.46)° 58.6(44.23)° 47.4(44.31)v
50 SOR 14342 11.6(3.46) 61.5(43.62)f 0.0(24.41) 35.0(41.69)"2 36.1(39.31)°
51 SOR 14343 14.3(3.82)g™ 33.3(40.31) 22.9(19.01)% 28.5(31.84)7 41.0(38.51)*
52 SOR 14345 6(2.52)" 22.2(30.34)-N 29.4(31.61)" 47.1(40.98)81 53.6(45.18)k?
53 SOR 14346 12.3(3.57)% 35.2(34.06)* 30.4(32.92) 42.2(40.75)™a 45.7(44.19)
54 SOR 14347 12.3(3.56)% 50.0(41.89) 23.7(30.96)s" 23.4(32.28)"* 27.0(34.81)*2
55 SOR 14348 7.6(2.83)tF 16.0(30.71)¥2 6.2(19.17) #-] 17.2(27.14)+% 18.9(25.61)*
56 SOR 14350 3.3(1.88)FK 30.9(30.31)® 27.2(25.66)™P 52.5(38.72)¢F 43.6(37.88)v*
57 SOR 14351 18(4.29)%# 38.8(36.99)"* 13.3(24.97) R-Y 12.5(29.37)" 9.5(24.52)%!
58 SOR 14352 10(3.19)™ 87.5(58.88)? 0.0(7.31) 26.8(26.85)K* 24.5(27.25)%*
59 SOR 14353 10(3.21)™ 16.0(39.06)"" 3.8(7.39)~ 21.5(29.70)%° 33.0(32.78)-Y
60 SOR 14354 11(3.37)™ 48.2(36.79)'™ 18.0(20.43)A¢ 56.3(41.41)"c 61.6(46.09)h
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23.8(28.75)%5
16.6(25.08) "%
20.6(26.58)3*
21.3(27.79)3*
21.0(27.26)**
29.3(30.45)2
37.5(36.88)°t
29.9(33.79)P2
32.2(34.79)1*
40.9(37.98)"
41.3(40.005)*
37.9(39.05) 8+
45.8(39.80)5*
33.9(39.25)%F
35.0(35.86)*°
50.9(42.92)°t
40.4(40.56)*
29.9(36.84)P2
27.3(31.24)%2
28.6(31.61)%7
24.9(29.47)%3
39.2(37.34)**
17.3(27.68)%*°
44.6(37.48)t*
32.7(36.89)-W
41.9(38.76)"¢
36.9(38.72)¢°
12.6(25.67)*"
27.5(28.92)"2
27.8(31.82)"%
27.7(31.66)"*
31.0(32.37)°
28.8(32.99)
30.9(33.13)"
42.1(37.97)"F
24.8(34.26)73
66.0(46.69)%
45.8(40.79)5*
13.1(26.05)*"
31.3(19.81)°*
37.2(33.77)EM
28.0(33.61)V7
25.5(30.75)"3
30.9(32.49)"Y
31.8(35.35)M*
32.7(33.92)-%
45.8(39.01)5*
18.6(31.40)*
23.6(28.72)%5
25.0(30.30)%3
33.0(32.84)-V
22.1(30.62)+°
32.6(32.06)-W
0.66
11.36

*Mean of three replications

**Values in parantheses are square root transformed values#values in parantheses are arcsine transformed values

In a column, means followed by similar alphabets superscipted are not significant different by LSD (p=0.05)
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Table 2: Physical parameters of sorghum genotypes evaluated for resistance to shoot fly

S.No

Genotypes*

Seedling vigor

Leaf glossiness

Trichome density (no./mm)

Upper surface Lower surface

1 SOR 14079 4(1.544)°" 4(1.584)" 219.68(14.81)%° 252.5(15.89)"°
2 SOR 14080 3.8(2.025)k™ 3.1(2.001)~ 148.46(12.15)"3 200.2(14.15)P+
3 SOR 14081 3.2(2.014)%s 5(2.169)? 174.17(13.19)°* 126.3(11.24)**
4 SOR 14082 4(1.905)Ps 4.3 (2.227)% 256.54(15.99)P< 310.7(17.63)%
5 SOR 14083 4.7 (2.203)*¢ 3(2.001)** 179.25(13.36)° 225.8(14.99)™
6 SOR 14084 7(1.815)"8 3.6(1.927)™ 294.65(17.15)ks 207.8(14.41)°¢
7 SOR 14085 8(1.758)k* 3.6 (1.991)m 292.79(17.10)« 204.7(14.31)°°
8 SOR 14086 4.4(2.168)% 4.8 (2.250)>¢ 331.0(18.18)" 168.1(12.92)“
9 SOR 14087 4(2.101)Ps 4.3 (2.204)% 292.63(17.09)kt 171.16(13.04)
10 SOR 14088 4.5(2.130)%" 6 (1.743)NQ 265.52(16.29)°* 194.7(13.95)PH
11 SOR 14089 3.3(2.061)°* 7(1.472)MC 232.95(15.22)x 145.7(12.05)"
12 SOR 14090 4.5 (2.145)bh 1.6 (1.435)M 252.2(15.84)< 183.2(13.54)
13 SOR 14091 3.4 (2.048)r= 8(1.677)x¢ 293.06(17.10)%t 189.25(13.22)"
14 SOR 14092 4.4(2.138)% 7 (1.576)"Q 274.33(16.55)™ 157.0(13.10)"N
15 SOR 14093 4.6(2.227)*f 1.6 (1.505)-2 183.07(13.52)°W 115.5(11.45)°W
16 SOR 14094 4.4(2.191)% 2.7(1.633)%F 125.63(11.19)*3 110.1(10.73)*
17 SOR 14095 3.4(2.067)° 4.4 (2.120)<h 342.55(18.48)¢1 403.4(16.61)"°
18 SOR 14096 3.4(1.949)r 3.6 (2.057)"" 215.14(14.61)<° 243.3(17.66)"°
19 SOR 14097 2.4 (1.804)u 4.4 (2.182) 155.39(12.45)™ 178.4(14.26)""
20 SOR 14098 2.4 (1.711)v 3.5(2.064)mt 135.58(11.63)W?3 151.8(11.85)"°
21 SOR 14099 2.4(1.741)% 4.5(2.117)%f 369.52(19.20)<" 259.7(15.47)k"
22 SOR 14100 4.5 (2.060)° 1.8 (1.763)%° 297.76(17.23)kP 153.3(12.94)H°
23 SOR 14101 4.2(2.145)8i 1.5(1.488)%C 296.54(17.14)%a 159.7(13.26)"t
24 SOR 14102 2.5(1.921)v 4.6 (1.943)* 208.03(14.35)%F 161.5(12.05)FK
25 SOR 14103 3.4 (1.854)°¢ 3.7(2.132)" 365.7(19.10)" 331.0(16.69)%¢
26 SOR 14104 4.4 (2.133)% 2.2 (1.778)%% 200.57(14.10)"S 118.0(12.95)M*
27 SOR 14105 4.8(2.294) %< 3.4(1.837)PY 169.4(13.007) 186.3(12.88)tH
28 SOR 14106 5(2.309)? 3.6 (2.025)" 134.8(11.57)"3 131.6(12.13)"
29 SOR 14107 4 5 (2.265)bh 4.4(2.136)% 168.07(12.91)°% 219.2(14.59)"™
30 SOR 14108 .3(2.220)¢1 2.4 (1.941)8H 206.8(14.37)E° 186.4(12.95)tH
31 SOR 14109 .5(2.079)™a 2.5(1.702)8¢ 312.09(17.61)" 249.7(15.91)%°
32 SOR 14110 4.8(2.184)*¢ 2.4 (1.742)¢ 154.6(12.42)V2 143.8(12.72)"s
33 SOR 14111 3.4(2.056)° 1.7 (1.503)"< 109.3(10.43)% 120.9(11.51)K*
34 SOR 14112 3.5(2.025)"4 3.7(1.855)" 121.8(11.02)3 135.0(10.98)"Y
35 SOR 14113 2 (1.765)"* 2.6 (1.893)8F 262.9(16.15)°* 161.4(12.11)¢K
36 SOR 14114 2.2 (1.623)"* 1.3 (1.404)° 95.06(9.69)3 109.1(11.16)2*
37 SOR 14115 6 (1.732)*F 2 6 (1.666)" 442.8(20.99)° 232.8(14.11)™
38 SOR 14116 9(2.138)*® 4 (1.741)¢ 160.06(12.63)~* 136.2(12.63)"Y
39 SOR 14120 3.3 (2.083)rs .0 (1.477)M 264.8(16.24)°4 181.9(12.84)"
40 SOR 14121 4 (1.966)P* .6 (1.569)N 500.4(22.36)° 559.9(20.71)°
41 SOR 14122 1.6 (1.563)%P 3.5(1.855)™s 156.6(12.48)™ 247.8(18.65)
42 SOR 14123 4.5 (1.965)< 2.5(1.823)8H 246.7(15.70)"F 209.5(15.05)°8
43 SOR 14124 6 (1.710)%¢ 4(1.702)¢ 149.5(12.21)"3 113.3(11.63)°%
44 SOR 14125 3(1.815)°¢ 2.2 (1.653)¢ 333.2(18.23)" 202.8(12.52)°¢
45 SOR 14126 1.3(1.556)8F 3.5(1.877)mt 199.01(14.09)"7 230.9(15.14)™"
46 SOR 14128 3(1.377)BE 3(1.965) 113.6(10.64)3 127.7(12. 17)
47 SOR 14338 4 (1.713)P* 4 (1.797)8+H 247.2(15.71)F 163.9(13.12)F
48 SOR 14339 2.5 (1.820)w 3.6(1.878)™a 152.4(12.34)V3 223.2(13. 39)nx
49 SOR 14341 3.6(1.921)FK 4.2 (2.105)" 135.6(11.63)"3 215.5(14.68)°*
50 SOR 14342 2.3 (1.774)" 5(2.088)™t 180.6(13.42)°* 202.7(14.53)°¢
51 SOR 14343 4.7(2.092)¢ 2.6 (1.796)8F 167.3(12.93)0% 129.6(12.31)"
52 SOR 14345 3.6(2.124)™d 3(1.731)% 172.3(13.09)0* 98.6(10.46)1
53 SOR 14346 4.3 (2.097)¢1 8 (1.537)-° 207.3(14.39)E° 168.4(11.86)"
54 SOR 14347 3.3(2.060)P* 1.6 (1.494)MQ 202.4(14.21)5R 168.0(13.29)¢!
55 SOR 14348 4.2(2.102)81 2.4 (1.624)¢ 227.9(15.08)N 169.4(12.99)8"
56 SOR 14350 4.2(2.137)8 2.4 (1.702)8H 259.4(16.06)°® 164.5(13.13)>
57 SOR 14351 4.1(2.160)* 1.3 (1.454)° 302.1(17.37)° 220.3(14.15)™
58 SOR 14352 2.0 (1.784)"y 4(1.536)> 103.7(10.16)3 75.0(10.08)*"
59 SOR 14353 3.1(1.794)% .1(1.842)9s 183.2(13.53)°W 216.4(13.00)°Y
60 SOR 14354 4 (1.958)rs 2.6 (1.787)8F 296.09(17.14)k" 175.3(14.29)*
61 SOR 14355 2.4 (1.784)v 4(1.930)> 285.6(16.87)"" 336.5(16.16)¢"
62 SOR 14356 4(1.912)Ps 4(1.598)" 194.8(13.93)kV 135.6(13.50)"Y
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63 SOR 14357
64 SOR 14360
65 SOR 14361
66 SOR 14364
67 SOR 14365
68 SOR 14366
69 SOR 14368
70 SOR 14370
71 SOR 14374
72 SOR 14377
73 SOR 14378
74 SOR 14379
75 IS 158
76 IS 203
7 IS 364
78 IS 629
79 IS 859
80 IS919
81 IS 1096
82 IS 1159
83 IS 1283
84 IS 1398
85 IS 1757
86 1S 2042
87 IS 2044
88 1S 22287
89 1S 2229
90 IS 2579
91 1S 2800
92 IS 2803
93 IS 2808
94 IS 2834
95 IS 3688
96 IS 4063
97 1S 4573
98 1S 4661
99 IS 4744
100 IS 4757
101 IS 4797
102 IS7071
103 1S 8380
104 1S9518
105 1S 9620
106 1S 9684
107 1S9709
108 I1IS9776
109 1S 9957
110 1S 9982
111 IS 10242
112 IS 10248
113 IS 10266
114 IS 10284
115 IS 10523
116 IS 10558
117 IS 10685
118 1S 10920
119 IS 10922
120 IS 12787
121 IS 13470
122 IS 13659
123 IS 13803
124 IS 13859
125 IS 13860
126 IS 13921
127 IS 13938
128 IS 13939
129 IS 13977
130 IS 15019

2.2 (L.757)"
3.1(1.794)%
1 2 (1.518)¢
.0(1.678)"t
.0 (1.880)"
4(1.923)P°
.1(2.104)
.0(2.137)
4.4(2.175)%
1(2.167)*
4.1(2.152)"*
0 (2.145)*
5.0 (2.285)
3.4 (2.090)°*
4.0 (2.080)*
2.4 (1.852)%
5.0 (2.104)?
4.0 (2.196)
4.4(2.198)%
3.3(2.021)°%
2.4(1.812)%
3.6 (1.889)™"
3.0 (1.930)"
3.5(1.957)m
3.5(2.017)"
3.4 (1.975)
3.3(1.932)°*
3.0 (1.923)
4.2 (2.069)M
3 (1.840)*
4.0 (1.952)*
3.3(2.031)%
0 (2.063)*
3.1(1.981)%*
1.4(1.535)%¢
1.3(1.377)¢F
2.5(1.608)"
2.7(1.751)w
3.3(1.922) %
2.5 (L777)™
3.2(1.844)9
3.6(2.024)™
2.3 (1.792)"
1(1.794)a
4(1.765)
5 (1.761)"w
2.0 (1.602)"
1(1.783)%°
0 (1.704)"y
0 (1.592)"
3.0 (1.785)
2.0 (1.687)"Y
0(1.785)"
3(L.757)%
.2(1.856)7°
4.2 (2.085)M*
1(2.144)*
3(2.175)¢1
2(2.014)7°
0 (2.047)7
3.1(1.989)9
2.4(1.747)w
1.9 (1.585)*
3.1(1.783)9°
1.2 (1.544)%¢
3.1(1.686)
3.1(1.880)9
4.0 (2.064)"

3.2 (1.704)™
1.6 (1.595)NQ
3.2(1L.777)™
2.5 (1.815)8¢
2.5 (1.731)8¢
3.5(1.917)™s
3.1(1.923)
3.6(1.982)™
8 (2.049)°
2.3 (1.817)%
5 (1.874)™
2.1(1.760)"*
2.7 (1.729)°
3.8(1.971)"
3.7 (2.057)"
2.6 (1.893)AF
4.2 (1.990)
3.0 (1.994)
3.4 (1.965)%¢
3.2(1.923)
3.2(1.906)
3.7(1.999)%
3.7 (2.049)"
2.4 (1.847)
3.2(1.819)™
3.5(1.958)™
3.1(1.948)%
3.3 (1.949)"
3.2(1.923)™
2.5 (1.815)8H
2.7(1.739)%¢
3.3(1.868)°*
2.5(1.811)8H
5.0 (2.141)°
4.5(2.271)>
1 3(1.627)°
3(1.947)°

.0 (2.121)"m

4.1(2.137)*
3(1.779)%

3.3(1.870

4(2.136

q-v

)
)9
) -i
4.5(2.243)
4.0(2.167)m
4.6 (2.204)*¢
4.4 (2.258)<"
1(2.160)M
4(2.205)%
4.0 (2.121)m
2.3(1.821)
4.4 (2.042)
)
)

E-l
d-i
4(2.235)%
7(2.113)9"
1(2.080)"
4.6 (2.204)*
4(2.084)"t
2(1.923)™
8(2.207)>¢
4.2(2.190)"
4.3(2.168)¢"
3.6(2.104)
4.1 (2.095)m
4.4(2.183)
4.2(2.183)1
1.6 (1.668)"
4.6 (2.003)*
4.2(2.190)4
4.1(2.152)M*

m-r

e-i

135.04(11.61)"3
133.4(11.52)"3
373.3(19.29)c¢
358.2(18.87)%
246.3(15.68)"F
253.3(15.90)¢
370.9(19.24)c"
229.2(15.13)
124.9(11.16)3
393.5(19.82)<
183.9(13.52)0
132.6(11.50)"3
134.8(11.60)"3
96.5(9.75)%
120.6(10.95)"3
217.6(14.71)8°
151.4(12.29)V3
135.6(11.63)"3
166.7(12.89)°%
122.1(11.02)%3
136.03(11.64)"3
94.9(9.69)%
96.8(9.82)%
184.6(13.58)0W
197.5(14.01)*Y
183.6(13.54)°
146.7(12.08
150.7(12.26
498.3(22.31)°
165.6(12.84)P
152.3(12.33)V3
190.4(13.78)+"
245.0(15.61)*
149.2(12.199)%
108.5(10.33)%
57.8(7.56)*
184.9(13.59)0W
130.1(11.40)"3
203.4(14.25)6Q
225.5(14.99)7°
175.3(13.23)0%
208.7(14.43)P0
257.1(16.01)°<
244.5(15.63)"
222.5(14.90)°
248.5(15.75)v€
193.4(13.86)4Y
168.9(12.99)°%
153.6(12.38)V3
197.8(14.04)*Y
153.4(12.37)V3
133.7(11.53)"3
181.7(13.47) %X
250.7(15.79)¢°
199.2(14.11)"
132.9(11.51)"3
246.8(15.70)"F
203.4(14.25)6
132.7(11.51)"3
100.19(9.93)%
133.1(11.53)"3
207.9(14.41)&°
283.7(16.84)™
238.4(15.43)*K
115.04(10.71)*3
160.3(12.64)%7
285.5(16.88)™
255.6(15.98)9<

—

o-w

W-3

U-3

vv

160.5(12.56)"
78.9(9.77)
327.9(15.38)°¢
187.8(14.82)*"
230.3(14.97)™
228.3(15.06)"
396.9(18.62)°
203.3(16.16)°¢
146.7(12.45)H%
276.5(15.05)
216.6(15.83)°Y
88.6(10.12)"
118.0(11.05)"
127.3(10.86)"
146.3(12.32)"*
208.3(13.17) °¢
171.0(13.67)%
120.2(12.26
182.2(12.04
139.0(12.15
160.8(12.97
107.9(10.46
132.4(11.34
202.4(13.50
150.6(13.11
197.0(13.00
153.2(13.53
124.6(10.94)"
543.7(19.65)°
174.8(16.77)*
101.9(10.69)™
124.2(11.11)%
226.7(13.37)™
231.4(15.55)™9
139.4(12.53)"
41.6(8.64)
225.9(12.31)™
107.2(11.80)°
250.6(15.83)™
148.8(12. 20) -
133.4(11.55)"
186.3(13.65)""
278.7(16.68)™
218.2(14.78)°*
190.3(13.79)*
209.1(14.47)°®
143.1(11.98)"S
138.6(11.78)"
(
(
(
(

L-X

x-1

=

-U

H-L

2 =

R-X

v

=

o-E

H-P

-H

T O

-0

o= =

=

164.7(12.83
121.8(11.05)
174.5(13.20)
149.6(12.22)HC
279.9(16.73)™
176.1(13.26)
102.3(10.11)™
227.0(15.07)™
222.5(14.92)™
152.6(12.36)"0
128.7(11.33)"W
100.1(9.98)™
235.3(15.34) ™
325.0(18.03)°¢
201.7(14.20)°€
73.9(8.60)X
202.5(14.22)°F
314.2(17.73)"
294.9(17.18)*

)
134.2(11.59)
)°
)

-U
-J
X
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131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

1S 17559
1S 18088
1S 202
1S211
IS 349
IS 362
IS 382
IS517
IS 1025
1S 1037
IS 1152
1S 2043
1S 2119
1S 2220
IS 2251
IS 886
1S 2889
IS 2917
IS 3140
IS 3490
1S 3511
152045
1S 3924
IS 4574
IS4761
IS 4807/
1S 5239
1S 69533
IS 7046
IS 8780
1S 9283
1S 9366
1S 9437
1S 9489
1S 9507
IS 9575
1S 9647
1S 9693
1S 9816
1S 10247
1S 10264
Swarna
DJ 6514
1S 18551
IS 2205
C032
TNS 661
TNS 695
K12
K13
TNS 702
TNS 704
TNFS 230
TNFS 239
TNSS 227
CSV 2485

Koltathur local-6
Muthiya palayam Local

SE.d

€D(0.05%)

4.0 (2.129)*
4(2.137)
4.1(2.144)
3.4 (1.990)
3.3 (1.966)°°
3.5(2.008)™
4(2.055)7
4(2.129)"
1.6 (1.699)7¢
2.0 (1.514)"
2.0 (1.592)"
3.6 (1.9)™a
4(2.072)
2.2(1.815)
6(1.904)
4.1(2.096)*
3(2.168)¢

)
)

VX

l-o

3.3(2.036)°°
3.3(1.975)%
3(1.871)%
3.5(1.949)™a
3.5 (2.000)"
3.1(1.931)%
4.6(2.138)>¢
3.0 (1.993)"
3(1.889)%
4.0 (2.029)
3.4(2.022)°¢
3.4 (2.000)°*
3.3(1.941)°¢
3.4(1.941)°
3.3(1.957)°
3.3(1.975)°¢
.7 (1.654)7*
.3 (1.762)°¢
4 (1.561)F
.5(1.796)"
5 (2.008)™
2.3 (1.752)vx
3.4(1.902)°"
5.0 (2.072)?
3.4(2.023)°®
3 (2.080)
4(2.137)"
3.5(2.040)™d
4.4(2.164)%
4.3(2.204)4
0(2.121)"
4.5 (2.213)bh
.9 (2.160)i™
.3(2.135)1
.5(2.219)¢
.5 (2.227)
4(2.219) ¢
.7 (2.287)*4
4.3(2.176)¢1
3(2.206)
2.3(1.820)v*
0.038
0.299

4.9 (2.249)%d
3.2 (2.056)"
3(1.958)%"
7(1.632)M0
4(1.606)H
5(1.742)%"
2.5(1.702) 3"
9 (1.619)*"
7 (1.493)M
5(1.650)*
6 (1.530)"
1.3(1.326)°
3(1.951)¢
4.1(2.160)81
4 (1.847)
1.6 (1.545)"0
3(1.774)%
2.4(1.783)¢
3.3(1.902)°¢
3(1.941)"
2.8 (1.861)*¢
2.3(1.701)%
3.5(1.899)™t
4.2 (2.072)"
3.3(2.044)™
1.5 (1.603)"
1.6 (1.436)"
1.7 (1.471)™
2.5(1.637)8¢
1.5 (1.549)"0
2.2 (1.566)%*
3.1(1.794)™
2.3 (1.747)%
1(2.007)"k
2.3 (1.860)"
4(1.662)c

Q
Q

2(1.642)%
1.7 (1.568)2
2 (1.754)™
1.4 (1.551)
1.7 (1.424)M
4 (1.659)¢"
4(1.442)7
4.4 (1.940)%
4(2.236)%
4(1.637)7
1.6 (1.414)N
4.3(1.978)
2(1.989)™
3.3(1.932)
3.5(2.008)™t
2(1.923)™
4.4 (2.148)%
3(2.183)¢
3(2.029)"
1.6 (1.638)"C
4.3(1.924)¢1
1.6 (1.726)MQ
0.043
0.326

139.1(11.79)"3
169.2(13.00)°%
173.4(13.16) %
133.4(11.54)"3
158.6(12.58)5*
133.3(11.54)"3
215.8(14.68)¢°
163.8(12.78)%
137.4(11.71)"3
170.09(13.02)0*
237.09(15.39)%
185.2(13.58)"W
134.2(11.57)"3
158.3(12.56)5*
190.9(13.77)+"
253.7(15.92)¢
284.09(16.85)™
274.6(16.55)
289.3(17.00)
186.8(13.66)"W
243.3(15.59) "
205.2(14.312)C

n-x

l-u

163.07(12.732)°"

118.9(10.879)%3
285.04(16.87)™
225.8(15.02)7°
132.6(11.49)"3
169.6(13.01)%%
241.5(15.52)"!
180.6(13.43)°%
400.5(20.0)¢
375.6(19.38)<®
319.6(17.87)™
311.6(17.61)"
166.4(12.89)°
154.9(12.42)V2
271.7(16.46)™
293.8(17.13)%
410.6(20.24)b¢
218.8(14.79)8°
131.2(11.44)"3
243.04(15.58)""
250.5(15.82)t¢
232.5(15.22)**
308.7(17.56)"
318.7(17.80) ™
378.2(19.42)c°
149.6(12.21)*3
240.7(15.50)!
245.06(15.64)"F
208.4(14.42)°°
329.9(18.15)M
311.4(17.64)"
132.1(11.48)%3
232.2(15.23)*
181.1(13.44)0%
185.9(13.60)"W
128.5(11.29)"3
3.503
1.878

-X

169.6(13.04)
203.0(14.25)°%
199.5(14.13)""
105.3(10.26)5*
140.4(11.85)"
92.4(9.62) U
185.8(13.61)"#
130.9(11.45)"
88.1(9.32)"X
137(11.70)"
207.5(14.41)°¢
153.4(12.39)H©
149.3(12.23)"<
179.4(13.40)*
147.7(12.16)H®
193.6(13.88)%*
300.5(17.33) &
247.8(15.74)"
317.6(17.83)""
213.8(14.63)°*
220.9(14.87)™
158.7(12.60)
201.2(14.19)°"
170.2(13.05)®
202(14.21)°F
151.1(12.28)H°
86.3(9.28)
121.9(11.06)K
205(14.32)°
136(11.64)"
332.4(18.24) ¢¢
318.9(17.86)
269.5(16.38)1™
(
(

H-M

369.5(19.23)
139.1(11.81)"Y
118.3(10.85)"*
177(13.29)¥"
234.7(15.30)™P
441(20.99)°
155.1(12.44)"N
113.3(10.62)°"
185.4(13.59)""
181.8(13.46)*"
308.7(17.57)8
363(19.06)c¢
214.1(14.54)°*
283.6(16.83)"!
183.3(13.54)*
223.4(14.90)™
224.5(14.98)™%
233.3(15.27)™d
245.7(15.65)+°
331.2(18.20)4¢
207.6(14.41)°¢
184.9(13.58)""
126.9(11.27)+
231.3(15.21)™
88.1(9.32)"*
3.39
2.773

— = X =

*Mean of three replications

Values in parantheses are square root transformed values

In a column, means followed by similar alphabets superscipted are not significant different by LSD (p=0.05)
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-significant positive correlation with trichome density on the
upper surface (r = 0.03) and DH% at 15 DAE (r = 0.10). At 21
DAE, DH% was significantly positively correlated with
oviposition percentage (r = 0.33), the number of eggs (r =
0.15) and DH% at 15 DAE (r = 0.62). It exhibited non-
significant positive correlations with trichome density on
both upper and lower surfaces (r = 0.08 and 0.01,
respectively). At 28 DAE, DH% demonstrated significant
positive correlations with oviposition percentage (r = 0.26),
as well as DH% at 15 DAE (r = 0.37) and 21 DAE (r = 0.79). It
showed a non-significant negative correlation with the
number of eggs (r = -0.06) and non-significant positive
correlations with trichome density on both lower and upper
surfaces (r = 0.09 and 0.02, respectively). Notably, trichome
density on the lower surface exhibited a non-significant
negative correlation with oviposition percentage (r = -0.03)
and a non-significant positive correlation with the number
of eggs (r = 0.03), but it was significantly positively
correlated with trichome density on the upper surface (r =
0.70). Trichome density on the upper surface demonstrated
a non-significant positive correlation with both oviposition
percentage (r = 0.03) and the number of eggs (r = 0.08).
Furthermore, the number of eggs was significantly
positively correlated with oviposition percentage (r = 0.50)
(Fig. 3, 4A, 5A).

Biochemical Attributes

A thorough phenotypic assessment of 188 genotypes against
the shoot fly resulted in the selection of 14 genotypes for
detailed biochemical evaluation. This selection included both
resistant and susceptible checks, as illustrated in Figures 6
and 7. Notably, the activity of polyphenol oxidase (PO)
demonstrated a significant 10% increase in the shoot fly-
resistant checks IS 18551 and IS 2205 under infested
conditions compared to their uninfested counterparts.
Conversely, the susceptible checks, Swarna and DJ 6514,
exhibited minimal increases of 1.97% and 3.18%,
respectively. Among the assessed genotypes, those with
heightened PO activity under infestation included IS 7071
(17.43-18.97 AO.D./g), IS 12787 (16.2 AO.D./g-17.65 AO.D./g),
SOR 14351 (15.4-16.84 AO.D./g) and IS 9437 (12.93 AO.D./g-
14.21 AO.D./g). In contrast, genotypes such as IS 10558 (11.91
NO.D./g-12.07 AO.D./g), IS 859 (7.73 AO.D./g-8.13 AO.D./g),
SOR 1410 (6.43 AO.D./g-7.11 AO.D./g), TNFS 230 (6.08 AO.D./g
-7.45 AO.D./g), IS 2228 (5.61 AO.D./g-6.14 AO.D./g) and IS
8380 (4.98 AO.D./g-5.09 AO.D./g) revealed lower PO activity.
Similarly, the activity of polyphenol oxidase (PPO) exhibited
notable increases in specific genotypes: SOR 14351 (18.01
AO.D./g - 19.43 AO.D./g), IS 12787 (15.46 AO.D./g - 16.51
AO.D./g), IS 9437 (13.73 AO.D./g - 14.58 AO.D./g) and IS 7071
(13.42 AO.D./g - 13.74 AO.D./g). Additionally, resistant checks
IS 18551 (18.56 AO.D./g - 19.43 AO.D./g) and IS 2205 (17.03
AO.D./g - 18.81 AO.D./g) displayed elevated PPO activity. In
stark contrast, the susceptible genotypes Swarna (10.45
AO.D. /g - 10.76 AO.D. /g) and DJ 6514 (9.41 AO.D./g - 9.58
AO.D./g) revealed significantly lower PPO levels.

Total phenolic content varied across genotypes, with
higher concentrations noted in SOR 14351 (6.61%), IS 9437
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(5.51%) and IS 12787 (4.57%), which were comparable to the
resistant checks IS 18551 (6.8%) and IS 2205 (8.08%) after
infestation by the shoot fly. Conversely, lower phenolic
content was observed in genotypes such as IS 10558 (0.41%),
SOR 1410 (3.26%), IS 7071 (3.4%), IS 2228 (3.8%), IS 8380
(3.01%) and IS 859 (3.60%), akin to the susceptible checks
Swarna (2.24%) and DJ 6514 (1.92%). Tannin content was
notably elevated in resistant genotypes IS 18551 (17.84%)
and IS 2205 (20.44%), while it was markedly lower in the
susceptible genotypes Swarna (9.50%) and DJ 6514 (8.13%)).
The amino acid content was similarly higher in the resistant
checks IS 18551 (3.2%) and IS 2205 (2%), contrasting with the
lower levels found in the susceptible checks Swarna (0.58%)
and DJ 6514 (0.78%). Furthermore, total soluble protein and
soluble sugars measured from the leaves indicated increased
levels at 28 days after emergence (DAE) in the susceptible
checks Swarna and DJ 6514 compared to the resistant checks
IS 18551 and IS 2205 post-shoot fly infestation. In contrast,
total chlorophyll content from the leaves declined at 28 DAE
following shoot fly infestation, as shown in Figures 4B, 5B and
Table 3.

Correlation Between Biophysical and Biochemical Factors

The correlations within the biochemical parameters are
illustrated in Figure 4B, while the relationships between
biophysical and biochemical factors are shown in Figure 8.
The correlation analysis revealed that the oviposition
percentage was significantly negatively correlated with
seedling vigor (r = -0.67) and significantly positively
correlated with deadheart percentage (DH%) at 15 days
after emergence (DAE) (r = 0.55). Additionally, the number of
eggs was significantly negatively correlated with amino acid
content under both infested (r = -0.66) and uninfested (r = -
0.63) conditions, while being significantly positively
correlated with DH% at 15 (r =0.67), 21 (r=0.60) and 28 (r =
0.65) DAE. In uninfested conditions, protein content showed
a significant positive correlation with chlorophyll content
under both infested (r = 0.57) and uninfested (r = 0.50)
conditions, as well as with soluble sugars in both infested (r
= 0.55) and uninfested (r = 0.54) conditions. In infested
conditions, protein was significantly positively correlated
with chlorophyll content (r = 0.73) and soluble sugars (r =
0.69), demonstrating consistency across both conditions.
However, it exhibited a significant negative correlation with
phenol content in uninfested conditions (r=-0.59).

Soluble sugars were significantly negatively
correlated with phenol content in both infested (r = -0.63)
and uninfested (r = -0.57) conditions, as well as with tannin
content under both conditions (infested: r = -0.57;
uninfested: r = -0.56). Conversely, soluble sugars were
significantly positively correlated with chlorophyll content
in both infested (r = 0.96) and uninfested (r = 0.96)
conditions, and with DH% at 15 (r=0.58), 21 (r =0.68) and 28
(r = 0.72) DAE. In infested conditions, soluble sugars
displayed a perfect correlation with soluble sugars (r = 1.00).
In infested conditions, soluble sugars were significantly
negatively correlated with phenol content (r = -0.60) and
tannin content (r = -0.55) in both infested and uninfested
conditions. However, they exhibited significant positive
correlations with chlorophyll content (r = 0.94 in infested
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Fig 3. Heatmap representing biophysical factors recorded from 188 sorghum genotypes screened for resistance against shoot fly (A. soccata). Color gradient red
shows higher level of incidence and the color decreased to light yellow indicates lower levels of shoot fly incidence in sorghum. DH1- Deadheart percentage at
15DAE; DH2- Deadheart percentage at 21DAE; DH3- Deadheart percentage at 28DAE; glosi- leaf glossiness; Vig- seedling vigor; TDupper- Trichome density upper
surface; TDlower- Trichome density lower surface.
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Fig. 6. Cluster Analysis: The clustering of 188 sorghum genotypes forming

four clusters depicting resistance categories against shoot fly (A. soccata) Fig. 7. Selection Index of genotypes. 10 genotypes were selected based on
based on field data collected for leaf glossiness, seedling vigor, trichome the biophysical parameters along with two resistant checks and two
density, deadheart and oviposition percentages. susceptible checks.

Table 3: Biochemical analysis for selected sorghum genotypes

Polyphenol Peroxidase
Phenol Tannin Protein Amino acid y_p Soluble sugars Chlorophyll
oxidase enzyme
Genotypes

* Uninfes Infeste Uninfes Infeste Uninfes Infeste Uninfes Infeste Uninfes Infeste Uninfes Infeste Uninfes Infeste Uninfes Infeste
ted d ted d ted d ted d ted d ted d ted d ted

IS10558  2.3¢" 236  11.6° 11.75" 7.4 10.3°® 0.9 12¢  14.18 14.6 11.5° 12.09" 3.16° 336> 3.07¢ 2.5°

SOR14351 6.4*  6.5° 1419 142° 75 965 54* 54® 1805 19.2° 158 16.8¢ 142" 166 0.76 0.45¢"
SOR 14104 3.1¢f 32" 11.2¢ 117" 58° 6.2 22¢ 249 11.7¢ 12.06¢ 6.8 7.1 115 134 090" 0.62f%
IS7071  3.3° 348" 1339 144° 69¢ 83?7 37° 34 1339 136° 174> 188> 150 1.85" 1.07" 0.87%
IS2228  3.3° 3.8 19.0> 206° 87> 105° 48 51> 104" 11.04¢ 55  61' 2150 223" 1728 1.39°

IS 8380 2.6 32" 9.42% 1048  7.5¢ 8.7¢ 0.7f 0.9¢ 9.48 9.8 49m  5.09™ 2.06° 2.128 2.10° 1.89¢
IS 9437 5.2¢ 55¢  19.4° 19.6c¢ 4.7f 6.6' 2.5¢ 2.7 1359 1449 12.9¢ 14.1°¢ 0.95¢ 1.07 0.79 0.50g"

TNFS230 3.0 569 224° 226 87° 114 0.9 0.8 11.6° 12.07" 6.2 7.4 1.878  2.03¢ 196" 1.50%
IS12787  4.3¢ 4.5¢ 9.3f% 9.9" 7.2 9.5¢ 3.3¢ 3.3¢  152° 164¢ 16.2° 17.5¢ 2.31°¢ 245 2.13¢ 2.33°
IS 859 3.4¢ 3.7% 103 1068 9.4 10.6° 5.7° 5.67 8.9" 9.1 7.7 8.1 2.70¢ 2.86¢ 2.43¢ 217
IS18551  6.5° 6.8 17.3¢ 17.7¢ 6.6 7.5¢ 3.3¢ 3.3¢ 183 19.7* 1549 16.6¢ 153 173 0.66F 0.35"
IS 2205 7.5 8.09° 19.6° 204> 58° 6.4f 2.2¢ 254 18.1* 19.5% 18.2% 19.9° 1.67" 1.92" 1.07" 0.94
Swarna 2.1M 2.4 8.98 9.6' 7.3¢ 105 0.6 07" 102° 105" 8.6" 8.8" 3.58 3.65° 3.420@ 3.27°
DJ 6514 1.6 1.9 7.5 8.1 9.4 114 0.7 0.8F  9.2¢ 9.4 10.07¢ 10.38 2.95° 3.15° 3.18® 3.112

SE.d 0.33 0.34 0.89 0.89 025 034 033 032 0.61 0.69 0.86 094 014 014 0.18 0.18

C.D

(p=0.05) 0.545 0.285 1.215 0.253 0.722 0.633 0.377 0.357 0.366 0.397 0.489 0.253 0.123 0.093 0.074 0.431

*Mean of two replications

In a column, means followed by similar alphabets superscipted are not significant different by LSD (p=0.05)
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and r = 0.95 in uninfested conditions) and with DH% at 15 (r
=0.58),21 (r=0.69) and 28 (r=0.72) DAE.

Chlorophyll content in uninfested conditions showed
a significant negative correlation with polyphenol oxidase
(PPO) levels (r = -0.58 in both infested and uninfested
conditions) and with phenol content (r = -0.74 in infested
and r=-0.72 in uninfested conditions) and tannin levels (r=-
0.63 in both conditions). Conversely, chlorophyll content
was significantly positively correlated with DH% at 15 (r =
0.67), 21 (r = 0.68), and 28 (r = 0.75) DAE and with itself in
infested conditions (r = 0.99). Chlorophyll content in
infested conditions exhibited significant negative
correlations with PPO levels (r = -0.61) and with phenol
content (r = -0.72 in infested and r = -0.74 in uninfested
conditions) and tannin levels (r=-0.56 in both conditions). It
was significantly positively correlated with DH% at 15 (r =
0.65), 21 (r = 0.66) and 28 (r = 0.73) DAE. The DH% at 15 DAE
was significantly negatively correlated with PPO levels (r = -
0.58 in both conditions) and with phenol content (r = -0.66 in
infested and r = -0.64 in uninfested conditions) and amino
acid levels (r = -0.62 in infested and r= -0.63 in uninfested
conditions). Conversely, DH% at 15 DAE was significantly
positively correlated with DH% at 21 DAE (r = 0.88) and 28
DAE (r = 0.87). DH% at 21 DAE was significantly negatively
correlated with amino acid levels (r = -0.55 in both
conditions). Additionally, it exhibited a significant positive
correlation with DH% at 28 DAE (r = 0.95). DH% at 28 DAE
was significantly negatively correlated with tannin levels (r =
-0.54 in infested and r = -0.55 in uninfested conditions). Leaf
glossiness was significantly positively correlated with
trichome density on the lower surface (r = 0.60).
Furthermore, trichome density on the upper surface was
significantly positively correlated with trichome density on
the lower surface (r = 0.52). Trichome density on the lower
surface also exhibited significant positive correlations with
phenol levels in both infested (r = 0.59) and uninfested (r =
0.58) conditions, as well as with trichome density on the
upper surface (r = 0.70). In uninfested conditions, tannin
levels were significantly positively correlated with phenol
levels in infested conditions (r = 0.71) and with tannin levels
in infested conditions (r = 1.00). In infested conditions,
tannin was significantly positively correlated with phenol
levels (r = 0.70). Phenol levels in infested conditions showed
significant positive correlations with polyphenol oxidase
(PO) levels (r = 0.58), as well as with PPO levels in both
uninfested (r = 0.80) and infested (r = 0.79) conditions. In
uninfested conditions, phenol levels were significantly
positively correlated with PO levels (infested: r = 0.72;
uninfested: r = 0.69), with PPO levels in both infested (r =
0.87) and uninfested (r = 0.86) conditions, and with phenol
levels in infested conditions (r = 0.93). Furthermore, PPO
was significantly positively correlated with PO enzyme
levels (r =0.83) (Fig. 8).

Principal Component Analysis (PCA)

The PCA revealed that the first two principal components
(Dim 1 and Dim 2) together accounted for 59.9% of the total
variance in the dataset. Dim 1, which explained 44.5% of the
variance, was strongly linked to reproductive traits such as
oviposition rates and egg numbers, highlighting their
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significance in distinguishing the genotypes. Dim 2,
explaining 15.4% of the variance, was primarily associated
with biochemical responses, including chlorophyll content
and soluble sugars, indicating the plants' defense
mechanisms against infestation. Genotypes positioned on
the positive side of Dim 1 are likely to support higher
reproductive success of the shoot fly, whereas those on the
negative side indicate lower reproductive success.
Genotypes higher on Dim 2 exhibit stronger biochemical
defenses, while those lower on Dim 2 suggest weaker
defenses. For instance, the genotypes Swarna and DJ 6514
are associated with reproductive traits and their position
along Dim 1 suggests they may favor shoot fly reproduction.
In contrast, genotype IS 8380, positioned positively on both
Dim 1 and Dim 2, shows higher reproductive success
alongside strong biochemical defenses.

Moreover, genotypes positioned high on Dim 3 show
variability in secondary biochemical compounds such as
protein and amino acid content. Dim 4 captures additional,
less dominant variability but still plays a role in
understanding the full range of differences between
genotypes. Although it explains a smaller percentage of the
variance, Dim 4 provides insight into specific physiological
or biochemical traits that may not be fully represented in
the earlier components. The clustering observed in the PCA
plot highlighted distinct groupings based on these traits,
suggesting that both reproductive performance and
biochemical defenses are key drivers of variability among
the genotypes. These findings emphasize the importance of
integrating both biophysical and biochemical parameters to
better understand plant-pest interactions and inform crop
improvement strategies (Fig. 9).

Discussion

The Host Plant Resistance (HPR) technique, when combined
with cultural practices, represents the most economical and
effective strategy for mitigating losses due to shoot fly
damage while maintaining infestations below economic
threshold levels (ETL) (10). Although advancing the sowing
date can help reduce the impact of shoot flies on crop
stands, this cultural method is often impractical in specific
regions due to prevailing agro-climatic conditions (16). In
semi-arid regions, the short window for sowing significantly
limits the ability to implement early planting practices
aimed at avoiding shoot fly damage (17). Moreover,
occasional heavy rain showers during typically dry seasons
can lead to shoot fly infestations, even in early sown crops
(18). While seed treatment with systemic insecticides is
viewed as the most efficient approach to combat shoot fly
infestations, resource-poor farmers in semi-arid tropics
often struggle to afford these costly insecticides.
Additionally, challenges related to the timely availability of
treatments and the application process further complicate
their use. Consequently, the recommended -cultural
practices and insecticidal interventions for shoot fly
management often remain impractical due to time and
resource constraints. Generally, a 1% increase in shoot fly
damage (deadheart percentage, DH %) correlates with a
grain yield loss of approximately 143 kg/ha. Under favorable
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conditions for shoot fly infestations, delayed sowing can
lead to total crop losses of 90-100% (19, 20, 21).

HPR encompasses complex plant characteristics
resulting from the interactions between insects and various
plant traits, including both morphological and biochemical
factors that confer resistance (22, 23, 24). Several sorghum
genotypes resistant to shoot flies have been identified and
are utilized in breeding programs aimed at enhancing
resistance (25, 26, 27). To broaden the genetic base for
effective shoot fly resistance, researchers must first
comprehend the mechanisms of resistance present in both
resistant and susceptible genotypes. In this field-based
study of 188 genotypes, only a limited number exhibited
minimal shoot fly infestation. These resistant genotypes
possessed specific morphological and biochemical traits
that adversely affected shoot fly oviposition and larval
performance. Trichome density emerged as a significant
factor in reducing damage and infestation by obstructing
the oviposition, movement and survival of first-instar
maggots. Resistant lines demonstrated higher trichome
density on both upper and lower leaf surfaces, while
susceptible lines exhibited lower densities. Additionally, leaf
glossiness was identified as an important morphological
trait contributing to shoot fly resistance. Genotypes with
high leaf glossiness displayed greater resistance to shoot
flies (2, 13). A negative correlation between leaf glossiness
and both shoot fly oviposition and DH % was consistently
observed (13, 31) (30). Seedling vigor was also greater in
resistant genotypes compared to susceptible ones. The
relationship between seedling vigor and the ability to
escape shoot fly damage was evident, as resistant cultivars
with significantly higher seedling vigor outgrew and spent
less time in the vulnerable seedling stage than slower-
growing susceptible cultivars (32). However, it was noted
that resistant checks demonstrated the lowest seedling
vigor, while susceptible checks exhibited higher seedling
vigor (28).

From the evaluated genotypes, 14 were selected
based on their superior performance in terms of the lowest
DH % at 28 days after emergence (DAE) and high leaf
glossiness at 14 DAE, subsequently analyzed for their
biochemical composition. Genotypes IS 10588 and IS 8380
exhibited higher levels of phenolic compounds, tannins,
amino acids, and enzyme activities (polyphenol oxidase
[PO] and polyphenol oxidase [PPQ]), while showing lower
levels of soluble sugars, proteins, and chlorophyll content.
Notably, IS 10588 exhibited high leaf glossiness, low DH % at
28 DAE, high trichome density on the lower leaf surface, and
the fewest shoot fly eggs per plant, establishing it as highly
resistant to shoot flies. Similarly, IS 8380, characterized by
medium glossiness and a DH % of 10-15 at 28 DAE, also
displayed resistance. Genotypes with the fewest eggs per
plant and the lowest incidence of dead heart were
determined to be more resistant compared to others. In
contrast, the highest number of eggs per plant was
observed in susceptible genotypes, rather than resistant
ones. The number of eggs per plant and per seedling
emerged as critical traits for screening sorghum for shoot fly
resistance, with susceptible genotypes showing significantly
higher shoot fly oviposition (40). Genotypes characterized
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by low levels of soluble proteins, chlorophyll and soluble
sugars, combined with high PO and PPO enzyme activity
(37, 39, 41), were identified as shoot fly resistant, yielding
lower DH % values. Higher phenol and tannin contents
enhance plant resistance to shoot flies by disrupting their
biology and colonization, contributing significantly to
antibiosis (39, 42, 43). Typically, resistant genotypes exhibit
lower soluble protein content compared to susceptible ones
(36, 44). Following shoot fly infestation, chlorophyll content
diminishes, with susceptible genotypes experiencing the
highest rate of decline compared to resistant types (41, 45).
Generally, plants with lower chlorophyll content are less
susceptible to shoot fly damage (46, 13, 47).

Correlation studies revealed that the number of eggs
per plant and DH % were significantly positively correlated
with chlorophyll content and negatively correlated with
phenol content, trichome density and leaf glossiness.
Trichome density showed a significant positive correlation
with seedling vigor and leaf glossiness (48). Additionally,
trichome density, leaf glossiness and seedling vigor
exhibited negative correlations with shoot fly damage
parameters, such as oviposition % and DH % (40, 49, 50, 48).
Total soluble sugars and protein content in sorghum
seedlings demonstrated a significant positive correlation
with DH % (44, 49). Conversely, tannin content was
significantly negatively correlated with shoot fly damage
(44). Leaf glossiness and seedling vigor were also negatively
correlated with tannin and soluble sugar content (49). The
oviposition % was significantly positively correlated with DH
%, while the DH % at 21 DAE showed a significant positive
correlation with DH % at 28 DAE (48).

Conclusion

This study successfully classifies sorghum genotypes based
on their resistance to shoot fly, providing a valuable
resource for breeding programs and crop improvement
strategies. Among the evaluated genotypes, IS 10588 and IS
8380 exhibited high resistance to shoot fly damage, while IS
12787 demonstrated notable resistance, and TNFS 230 was
identified as moderately resistant. These genotypes present
significant potential for incorporation into breeding
programs, including Marker-Assisted Selection (MAS) and
Quantitative Trait Locus (QTL) mapping, aimed at
developing sorghum varieties with enhanced resistance to
shoot fly. The implications of these findings are substantial
for improving sorghum production, bolstering food security,
and supporting the livelihoods of farmers. By utilizing these
resistant genotypes, future breeding efforts can enhance
the resilience of sorghum against pest infestations,
contributing to more sustainable agricultural practices.
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