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Summary

The shoot fly, Atherigona soccata is an important pest of sorghum, and host plant resistance is one of the most
effective components for managing this pest. Most of the hybrids grown in India based on milo cytoplasm (A1

cytoplasm) are highly susceptible to shoot fly. Therefore, the present studies were undertaken to evaluate different
male-sterile cytoplasms (CMS) for their relative susceptibility to sorghum shoot fly. Oviposition and deadheart
formation were significantly lower on the maintainer lines as compared to the corresponding male-sterile lines.
Among the cytoplasms tested, A4M cytoplasm showed antixenosis for oviposition and suffered lower deadheart
formation than the other cytoplasms tested. The A4G1 and A4M cytoplasms suffered lower deadhearts in tillers
than the other cytoplasms. Recovery following shoot fly damage in A4M, A3, and A2 cytoplasms was better than
in the other cytoplasms tested. The larval and pupal periods were longer and male and female pupal weights
lower in A4M and A4VzM CMS backgrounds compared to the other CMS systems. Fecundity and antibiosis
indices on CMS lines were lower than on the B-lines. The A4M cytoplasm was found to be relatively resistant to
sorghum shoot fly, and can be exploited for developing shoot fly-resistant hybrids for sustainable crop production in
future.

Introduction

Sorghum (Sorghum bicolor (L.) Moench) is one of the
most important cereal crops in the semi-arid tropics
(SAT). It is grown widely in Asia, Africa, Australia,
Americas, and the Mediterranean Europe (FAO, 2002).
Insect pests are one of the major constraints for in-
creasing production and productivity of sorghum, and
cause a loss of over $1 billion in the SAT. More than
150 species of insects have been recorded as pests of
sorghum, of which sorghum shoot fly, Atherigona soc-
cata (Rondani) (Diptera: Muscidae) is an important
pest in Asia, Africa, and the Mediterranean Europe.
Shoot fly larvae damage the growing point of 5–30 days

old sorghum seedlings. As a result, the central leaf dries
up, resulting in typical deadheart symptoms (Deeming,
1971; Pont, 1972). The larvae feed on the decaying tis-
sue of the central leaf and pupate in the soil. As a result
of deadheart formation, the main shoot is killed, and
the plant may produce axial tillers if sufficient mois-
ture and nutrients are available. The axial tillers serve
as a mechanism of recovery resistance if they remain
undamaged, but if shoot fly infestation continues, the
seedling may die or presents a rossette appearance and
fails to produce any grain. The levels of shoot fly in-
festation in sorghum may reach as high as 90% under
delayed sowings (Hiremath & Renukarya, 1966; Rao
& Gowda, 1967).
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Cultural practices, natural enemies, host plant re-
sistance, and chemical control can be used for mini-
mizing losses due to shoot fly. Host plant resistance
is most relevant under subsistence farming conditions,
as it involves no extra cost to the farmers. Plant re-
sistance to sorghum shoot fly appears to be complex,
and depends on the interplay of componential charac-
ters, which finally sum up in the expression of resis-
tance to this pest. Therefore, it is important to identify
sources and understand mechanisms responsible for
sorghum resistance to shoot fly. Since most of the area
under improved cultivars is planted with high-yielding
hybrids, it is important to transfer genes conferring
resistance to shoot fly into cytoplasmic male-sterile
(A-lines), maintainer (B-lines) and restorer (R-lines)
lines to develop high yielding hybrids with resistance
to this pest (Dhillon, 2004). Effective use of cytoplas-
mic male-sterility has made it easier to incorporate the
desired characters into hybrid parents (House, 1985)
to increase crop productivity. Large-scale deployment
of hybrids based on a single source of male-sterility
is a potential danger to crop production, because of
their possible susceptibility to insect pests and dis-
eases. Therefore, it is important to deploy different
CMS systems to develop strategies for producing culti-
vars with resistance to target insect pests and diseases.
Most of the hybrids grown in India are based on milo
cytoplasm (A1 cytoplasm), which has been reported to
be highly susceptible to insect pests (Sharma, 2001;
Sharma et al., 2003, 2004). Alternative cytoplasmic
male-sterility systems can be exploited to avoid insect-
pest outbreaks that might be related to the use of single
source of cytoplasm by adding nuclear diversity in new
parental combinations, which is not possible with the
milo kafir cytoplasmic system (Schertz & Pring, 1982).
In addition to the milo-cytoplasm (A1-cytoplasm), cy-
toplasmic male-sterile lines are also available in A2,
A3, A4, A4M, A4VzM, and A4G1, A5, A6, 9E, and
KS cytoplasmic backgrounds (Nagur, 1971; Schertz
et al., 1989, 1997; Xu et al., 1998). However, the
heterotic potential of these alternate cytoplasms has
not been exploited due to lack of appropriate restorer
lines. Efforts are under way to diversify the cytoplasmic
male-sterility systems for hybrid production (Reddy &
Rao, 1998). Therefore, present studies were aimed at
identifying alternate male-sterile cytoplasms with less
susceptibility to shoot fly than milo, and gain an un-
derstanding of the components (antixenosis for ovipo-
sition, antibiosis, and recovery resistance) that con-
tribute to resistance or susceptibility to sorghum shoot
fly.

Materials and methods

The experiments were conducted under field and
greenhouse conditions at the International Crops Re-
search Institute for the Semi-Arid Tropics, Patancheru,
Andhra Pradesh, India, between 2002 and 2003. The
experimental material consisted of six isogenic lines
in six male-sterile cytoplasmic backgrounds and their
maintainer (B-lines) lines.

Evaluation of different cytoplasms for resistance to
shoot fly, Atherigona soccata, under field conditions

The test material was planted in four row plots, 2 m
long, and the rows were 75 cm apart. The test material
was planted in a randomized complete block design
(RCBD) along with shoot fly-resistant (IS 18551) and
susceptible (Swarna) checks during the 2002 and 2003
rainy (last week of July) and 2003 late post-rainy (mid-
October) seasons. There were three replications. The
seed was planted with a four-cone planter at 5 cm below
the soil surface under optimum moisture conditions,
and the field was irrigated immediately after plant-
ing. The plants were thinned at 7 days after seedling
emergence (DAE) to maintain a spacing of 10 cm be-
tween plants. The optimum levels of shoot fly infes-
tations were maintained by manipulating the sowing
dates and through the use of interlard fish-meal tech-
nique (Sharma et al., 1992). Normal agronomic prac-
tices were followed for raising the crop. No insecticide
was applied in the crop during the vegetative phase.
Data were recorded on oviposition (14 and 21 DAE)
and deadheart formation (14, 21 and 28 DAE) due to
shoot fly damage, tillers with deadhearts (28 DAE), and
recovery resistance (at crop maturity) in the central two
rows. Recovery resistance was assessed on a scale of 1
to 9 (1 = most of the damaged plants with 2–3 uniform
tillers with panicles similar to the main plant, and 9 =
<10% plants with uniform tillers with productive pan-
icles). Production of axial tillers following damage to
the main plant serves as a mechanism of recovery re-
sistance in sorghum. These axial tillers, if not damaged
by the shoot fly, produce a reasonable grain yield.

Evaluation of different CMS and maintainer lines for
resistance to sorghum shoot fly, Atherigona soccata,
under greenhouse conditions

Insect culture
The shoot fly females were collected from the fish-meal
baited traps in the field. The traps were kept in fields
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having a sorghum crop at the seedling stage. A plastic
jar filled with moist fish-meal was kept inside the trap
(Sharma et al., 1992). The fish-meal was replaced every
4 days. The shoot flies were collected in the morning
between 07:30 and 08:30 hours, and released in a wire-
mesh screened cage (30 cm × 30 cm × 30 cm). The
females of A. soccata were separated from other flies,
and released in a separate cage for further use. The
females were provided with 20% sucrose solution on
a cotton swab, and a mixture of brewer’s yeast and
glucose (1:1) in a petri dish. The sucrose solution was
changed daily, while the yeast–glucose mixture was
changed every 3 days.

Antixenosis
Antixenosis (non-preference) for oviposition was stud-
ied using a cage technique (Dhillon, 2004). Oviposition
non-preference and deadheart formation in different
CMS and maintainer lines were studied under dual-
choice conditions. Each tray had two rows of CMS
and two rows of the respective maintainer line. Under
multi-choice conditions, each isogenic line in different
CMS backgrounds along with its maintainer line were
planted in a single tray (40 cm×30 cm×14 cm). For an-
tibiosis studies, only one genotype was planted in a tray
(no-choice conditions). There were six replications in
a completely randomized design (CRD). The test ma-
terial was exposed to 12 gravid shoot fly females per
40 plants at 9 DAE (at the fifth leaf stage) for 24 h. Af-
ter 24 h, the shoot fly females were removed from the
confinement cages, and data were recorded on the num-
ber of plants with eggs. Five days after infestation (14
DAE), data were also recorded on the number of plants
with deadhearts. Data were expressed as percentage of
plants with eggs or deadhearts.

Antibiosis
The appearance of deadhearts under no-choice condi-
tions was monitored at 12 h intervals. The plants with
deadhearts were labeled for date of deadheart appear-
ance. Four days after deadheart formation, 15 dead-
hearts of same age were uprooted and placed in glass
vials (20 ml capacity) individually; and observations
were recorded on larval and pupal periods and survival,
pupal weight, adult emergence, and fecundity. There
were three replications in a completely randomized
design. The deadhearts collected in glass vials were
observed daily after 6 days of deadheart formation to
record time to pupation. The days from deadheart ap-
pearance to pupation plus one day (because it takes
one day for deadheart formation after egg hatching)

was recorded as larval period. The larval period was
recorded separately for each larva, and the mean larval
period per replication was calculated for the surviving
larvae (of 15 larvae under observation). The number of
larvae that survived were also recorded, and expressed
as a percentage of the total number of larvae under ob-
servation. The pupal period was recorded separately for
each insect and the mean pupal period per replication
was calculated for the surviving pupae. Pupal weight
(mg) was measured for male and female pupae sepa-
rately on an electronic balance within 24 h of pupation.
After weighing, the pupae were placed in glass vials on
moist sand to prevent water loss and pupal mortality be-
cause of desiccation. Mortality during pupal stage was
estimated as: number of larvae survived − number of
adults emerged × 100. The number of adults emerged
(from 15 insects under observation) were recorded, and
expressed as percentage adult emergence. For fecun-
dity studies, five pairs from each replication (for CMS
or maintainer line) were released in wire-framed cages
(30 cm diameter, 30 cm high) covered with nylon bags
(60 mesh). The adults were provided with 20% sucrose
solution in a cotton swab, and brewer’s yeast + glu-
cose (1:1) in a petri dish. Ten sorghum seedlings raised
in plastic pots (10 cm dia.) of the same genotype were
provided to the shoot flies on alternate days for oviposi-
tion. Data were recorded on number of eggs laid. Data
on different biological parameters were used for com-
puting various indices as follows (Dhillon, 2004).

1. Development index=Post-embryonic development
period on the test genotype/Post-embryonic devel-
opment period on the susceptible check (Prasad &
Bhattacharaya, 1975).

2. Weight index = Pupal weight on the test geno-
type/Pupal weight on susceptible check (Deshmukh
et al., 1977).

3. Adult emergence index = Adult emergence on the
test genotype (%)/Adult emergence on the suscep-
tible check (%) (Tripathi et al., 1982).

4. Howe’s growth index = Log adult emergence
(%)/Mean developmental period on a test genotype
(Howe, 1971).

5. Fecundity index = Number of eggs laid by the in-
sects reared on the test genotype/Number of eggs
laid by the insects reared on the susceptible check
(Saxena, 1969).

6. Antibiosis index = Development index + Weight
index + Adult emergence index + Howe’s growth
index + Fecundity index.
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Data analysis

Data were subjected to analysis of variance to test
the significance of differences among genotypes tested
based on F-test at P = 0.05. Standard error of means
(S.E.) was used to test the significance of differences
between cytoplasms. For the dual-choice tests, paired
t-test was used to test the significance of differences at
P = 0.05.

Results

Antixenosis for oviposition and deadheart formation

Multi-choice conditions
The oviposition preference and percentage deadhearts
in plants of different CMS and their maintainer lines
were greater during the rainy season than in the crop
sown during the post-rainy season. Deadheart forma-
tion in different cytoplasms ranged from 69.9 to 88.7%,
87.4 to 97.5% and 92.3 to 99.0% at 14, 21 and 28

Figure 1. Oviposition (A), main plant deadhearts (B), and tiller deadhearts (C) by sorghum shoot fly, and recovery resistance (D) in different
cytoplasmic male-sterile systems of sorghum. Bars with the same letter are not significantly different at P = 0.05.

DAE, respectively (Table 1). The CMS lines had more
deadhearts compared to the maintainer lines at 14
DAE (72.9–88.7% versus 69.9–82.3%), 21 DAE (89.8–
97.5% versus 87.4–96.0%) and 28 DAE (93.6–99.0%
versus 92.3–97.2%). ICSA 11 and ICSA 17 had signif-
icantly more deadhearts than the other isogenic lines
tested at 14 and 21 DAE across cytoplasms. Least dead-
hearts were recorded on ICSA 26 and ICSA 88004. The
oviposition and deadhearts were significantly lower on
the maintainer lines as compared to the CMS lines.
Among the cytoplasms tested, A4M was comparatively
less preferred for oviposition and had lower deadheart
incidence than the other cytoplasms tested (Figures 1A
and 1B).

Dual-choice tests
Under dual-choice conditions in the greenhouse, there
were 52.5–100.0% plants with eggs and 49.7–100.0%
plants with deadhearts on the CMS lines; while on
the maintainers, there were 66.4–100.0% plants with
eggs and 50.9–95.0% plants with deadhearts (Table 2).
Plants of ICSA 17 in A3 and A4G1, and ICSA 26 in
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Table 2. Reaction of different cytoplasmic male-sterile and maintainer lines of sorghum to shoot fly, Atherigona
soccata, under dual-choice conditions in the greenhouse (ICRISAT, Patancheru; rainy season 2003)

Seedlings with eggs (%) Deadhearts (%)

Genotype A-line B-line t-value A-line B-line t-value

ICSA 11 A1 92.4 73.3 2.53∗ 84.6 61.2 2.86∗∗

ICSA 11 A2 100.0 94.4 2.22∗ 94.8 91.8 0.64

ICSA 11 A3 96.6 88.0 1.20 88.3 82.4 0.90

ICSA 11 A4M 97.3 92.5 1.38 89.5 81.0 1.87

ICSA 11 A4VzM 82.5 76.2 1.26 67.5 68.2 0.12

ICSA 11 A4G1 100.0 100.0 ∗ 100.0 94.7 1.51

ICSA 17 A1 84.7 87.5 0.95 74.5 77.5 0.64

ICSA 17 A2 80.0 67.5 3.10∗∗ 77.5 57.5 4.30∗∗

ICSA 17 A3 89.5 97.5 2.33∗ 82.0 89.8 1.42

ICSA 17 A4M 66.2 72.7 0.80 63.7 72.7 1.27

ICSA 17 A4VzM 82.5 81.5 0.39 80.0 78.9 0.23

ICSA 17 A4G1 85.0 97.5 4.01∗∗ 77.5 84.6 0.84

ICSA 26 A1 77.5 82.5 1.46 75.0 75.0 0.00

ICSA 26 A2 88.7 90.0 0.20 80.3 70.0 1.23

ICSA 26 A3 90.0 95.0 1.46 72.5 82.2 1.25

ICSA 26 A4M 97.5 90.0 1.19 82.5 85.0 0.28

ICSA 26 A4VzM 87.5 92.5 1.46 82.5 85.0 0.40

ICSA 26 A4G1 52.5 76.7 6.60∗∗ 49.7 71.3 5.37∗∗

ICSA 38 A1 87.5 85.0 0.27 72.3 80.0 1.42

ICSA 38 A2 72.5 59.9 2.00 67.4 52.1 1.51

ICSA 38 A3 92.4 86.8 2.20∗ 87.4 71.6 2.23∗

ICSA 38 A4M 77.0 82.5 1.70 74.1 80.0 4.27∗∗

ICSA 38 A4VzM 100.0 90.0 1.94 89.6 92.5 0.53

ICSA 38 A4G1 92.2 94.7 0.56 92.2 81.6 2.01

ICSA 88001 A1 96.6 86.9 2.94∗∗ 90.6 81.8 1.12

ICSA 88001 A2 100.0 94.7 2.75∗∗ 92.5 91.8 0.14

ICSA 88001 A3 87.5 95.0 1.46 85.0 95.0 1.94

ICSA 88001 A4M 87.3 86.1 0.22 82.2 72.9 1.90

ICSA 88001 A4VzM 82.5 87.7 0.93 75.0 79.8 0.69

ICSA 88001 A4G1 91.8 92.2 0.05 78.8 70.2 1.19

ICSA 88004 A1 87.5 82.5 1.48 80.0 72.2 5.12∗∗

ICSA 88004 A2 100.0 100.0 ∗ 84.4 91.9 1.27

ICSA 88004 A3 67.5 66.4 0.24 60.0 50.9 4.18∗∗

ICSA 88004 A4M 90.0 97.5 1.37 80.0 79.4 0.11

ICSA 88004 A4VzM 81.1 85.9 0.76 62.0 75.6 1.56

ICSA 88004 A4G1 77.5 80.0 1.43 62.5 77.4 3.11∗∗

Mean 86.7 86.4 1.60 78.8 77.9 1.65

∗,∗∗t-value significant at P = 0.05 and 0.01, respectively.

A4G1 CMS backgrounds had significantly lower num-
ber of plants with eggs than the respective maintainer
lines. ICSA 11 in A1, ICSA 17 in A2, ICSA 26 in A4G1,
and ICSA 88004 in A1 and A3 CMS backgrounds had
significantly more deadhearts than the corresponding

maintainer lines, while reverse was true in case of ICSA
38 in A4M and ICSA 88004 in A4G1. In dual-choice
tests, CMS lines had more percentage of plants with
eggs and deadhearts than the corresponding maintainer
lines.
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Recovery resistance

Tiller deadhearts were lower on the maintainer than in
the CMS lines. A4G1 and A4M had lower tiller dead-
hearts than the other male-sterile cytoplasms tested
(Figure 1C). The recovery resistance in CMS lines
in milo cytoplasm was similar to that of maintainer
lines, while in case of other cytoplasms, the CMS lines
showed better recovery than the maintainer lines. Re-
covery resistance of A4M, A3 and A2 cytoplasms was
better than the other cytoplasms tested (Figure 1D).

Antibiosis

The larval and pupal periods were comparatively longer
on the A4M and A4VzM cytoplasms as compared to
other cytoplasms tested (Table 3). Larval survival was
lower on A3 (87.3%) and A4G1 (88.4%) cytoplasms,
while the pupal mortality was greater on A2 (12.1%)
and A4VzM (11.5%) cytoplasms as compared to other
cytoplasms tested (5.7–10.5%). Adult emergence was
significantly lower on A2 and A4VzM cytoplasms than
on the other cytoplasms tested. The pupal weights were
comparatively lower on A4M and A4VzM male-sterile
cytoplasms than on the other cytoplasms tested, includ-
ing the B-cytoplasm. The female pupae were heavier
than the male pupae. Fecundity was lower on the CMS
lines than on the respective maintainer lines. It was
lower on A1, A2 and A3 cytoplasms than the other cy-
toplasms tested. Fecundity and antibiosis indices varied
from 0.96 to 2.01 and 4.71 to 5.64, respectively. Fecun-

Table 3. Antibiosis effects of different male-sterile cytoplasms on sorghum shoot fly, Atherigona soccata, under greenhouse conditions
(ICRISAT, Patancheru; rainy season 2003)

Cytoplasm

Parameter A1 A2 A3 A4M A4VzM A4G1 B SE±

Larval period (days) 8.10a 8.18a 8.13a 8.41c 8.32b 8.13a 8.13a 0.05

Pupal period (days) 7.93a 8.00b 8.08c 8.01b 8.22d 7.94a 7.92a 0.04

Larval survival (%) 90.37de 89.96d 87.35a 90.58e 89.80cd 88.44b 89.37c 0.43

Pupal mortality (%) 8.30c 12.10f 5.70a 8.20c 11.50e 7.00b 10.50d 0.90

Adult emergence (%) 82.91d 79.1a 82.32cd 83.17d 79.54ab 82.19c 80.01b 0.65

Male pupal weight (mg pupa−1) 4.88f 4.54e 4.46de 4.18b 4.02a 4.33c 4.39cd 0.10

Female pupal weight (mg pupa−1) 6.73d 6.67d 6.22b 6.07a 6.01a 6.72d 6.47c 0.12

Fecundity female−1 123.50a 122.10a 121.80a 138.20c 134.00b 130.90b 144.60d 3.33

Fecundity index 1.31a 1.30a 1.29a 1.47c 1.42b 1.39b 1.54d 0.04

Antibiosis index 5.14c 5.02a 5.01a 5.16d 5.04b 5.14c 5.22e 0.01

Means followed by different letters in a row are significantly different at P = 0.05 (ANOVA). The mean values for each cytoplasm
are based on insect survival per 45 larvae genotype−1 in six CMS backgrounds.

dity and antibiosis indices were lower on CMS lines as
compared to the maintainer lines, but better on A4M
than on other CMS cytoplasms tested.

Discussion

A number of genotypes for resistance to shoot fly
have been identified earlier (Taneja & Leuschner, 1985;
Sharma et al., 1992, 2003). The isogenic lines con-
verted into different CMS backgrounds were suscepti-
ble to shoot fly. Oviposition and deadheart incidence
were greater on the CMS than on the maintainer lines
under multi-choice conditions in the field, and dual-
and multi-choice tests in the greenhouse. Greater sus-
ceptibility of CMS lines than the corresponding main-
tainer lines has earlier been reported in case of sorghum
midge (Stenodiplosis sorghicola Coquillett) (Sharma
et al., 1994; Sharma, 2001), and to sorghum shoot
fly, midge, shoot bugs (Peregrinus maidis Ashmead)
and aphids (Melanaphis sacchari Zehnter) (Sharma
et al., 2004). Fusarium sheath rot (Fusarium monili-
forme Sheldon Emend Snyder & Hansen) and Karnal
smut (Tilletia barclayana Brefeld) diseases of rice have
also been reported to be more severe on the CMS lines
and hybrids, as compared to maintainers and restorers
(Sharma et al., 1993). The Kansas male-sterility based
CMS lines such as KSA 34 to KSA 39 and Combine
Kafir based CMS lines are equally susceptible to green-
bug, Schizaphis graminum (Rondani) (Ross & Kofoid,
1979). The Texas (T) type of cytoplasmic male-sterility
in maize has been shown to be more susceptible to
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fungal toxins than the normal fertile plants, and those
with other types of CMS system (Fed’ ko et al., 1989).
Yadav (1996) reported that A2, A3 and A4 cytoplasms in
pearl millet were less susceptible to downy mildew, and
they can be exploited to broaden the cytoplasmic base
of the CMS lines for hybrid production. The hybrids
based on A2, A3 and Violaceum cytoplasms showed
better resistance to downy mildew, ergot and smut than
the A1 cytoplasm (Mangat et al., 1996).

Antibiosis to shoot fly offers exciting possibilities
of exerting constant pressure against larvae, resulting in
low larval survival on resistant varieties (Dahms, 1969;
Soto, 1974). Retardation of growth and development,
prolonged larval and pupal periods, and poor emer-
gence of adults on resistant varieties provides direct
evidence of antibiosis (Singh & Jotwani, 1980; Raina
et al., 1981). The larval and pupal stages are completed
in 8 to 10 days each and the total life cycle from egg
to adult varied from 17 to 21 days (Kundu & Kishore,
1970; Zein el Abdin, 1981). Longer larval, pupal and
total developmental periods, and lower male and fe-
male pupal weights on A4M and A4VzM cytoplasms
compared to other CMS systems indicated the presence
of antibiosis against the sorghum shoot fly in these cy-
toplasms. The mortality was comparatively greater on
A3 (12.7%) cytoplasm during the larval stage, and A2

(12.1%) and A4VzM (11.5%) cytoplasms during the
pupal stage. The shoot fly fecundity was greater on the
susceptible variety, Swarna than on moderately resis-
tant varieties, IS 2123 and IS 5604 (Singh & Narayana,
1978). The females reared on A4M cytoplasm laid more
number of eggs than other cytoplasms. There is consid-
erable variability in fecundity (17–239 eggs female−1)
of sorghum shoot fly females (Ogwaro, 1978; Mek-
songsee et al., 1978, 1981; Raina, 1982). Keeping in
view the past and present observations, there is a need
for partitioning antibiosis component under controlled
conditions.

Recovery resistance has been reported to be par-
tially related to tillering response to shoot fly dam-
age (Doggett et al., 1970), level of primary resistance,
and productive tillers (Sharma et al., 1977). A4M and
A4G1 cytoplasms had significantly less tiller dead-
hearts, while A2, A3 and A4M cytoplasms showed bet-
ter recovery resistance than the other CMS cytoplasms.
These can be exploited for producing sorghum hybrids
with low susceptibility to sorghum shoot fly. The hy-
brids based on maldandi (A4M) cytoplasm have longer
grains and higher grain yield than those based on milo
cytoplasm (Gangakishan & Borikar, 1989; Wang et al.,
1990). The A4M (maldandi) cytoplasm was also found

to be less susceptible to sorghum shoot fly, showed
good recovery resistance, and higher antibiosis index
than the milo cytoplasm, and thus can be exploited for
developing shoot fly-resistant hybrids. The shoot fly-
resistant lines may be converted into A4M CMS system,
which in combination with shoot fly-resistant restorers
can be used to produce sorghum hybrids with high lev-
els of resistance to this pest.
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