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Table 4. Sorghum midge damage and agronomic expression of six sorghum lines (ICRISAT Center, 1995 rainy season).

Midge damage rating1 Agronomic score2

_____________________________________________________________________ _______________________________________________________________

Genotype S 1 S 2 Mean S 1 S 2 Mean

ICSV 758 2.5 4.0 3.3 2.0 2.5 2.3

ICSV 804 3.0 3.5 3.3 2.5 2.5 2.5

ICSV 735 2.5 2.5 2.5 2.5 2.5 2.5

Controls

DJ 6514 (R) 3.5 2.5 3.0 4.0 4.0 4.0

ICSV 197 (R) 3.5 2.5 3.0 2.5 1.5 2.0

Swarna (S) 8.5 9.0 8.8 1.0 1.5 1.3

SE± 0.7 0.7 0.5 0.4 0.3 0.3

CV% 28.7 34.1 22.3 23.2 23.3 17.0

1. Damage rating (1= <10% midge damage, and 9 = >80% midge damage).

2. Agronomic score (1 = Good, and 5 = Poor).

S 1 and S 2 = First and second sowing, respectively.

R = Resistant. S = Susceptible.
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Introduction

Sorghum [Sorghum bicolor (L.) Moench] is one of the

most important cereal crops in the semi-arid tropics

(SAT), and insect pests are a major yield-reducing factor.

Sorghum is attacked by nearly 150 insect species, causing

an annual loss of over $1 billion in the SAT (ICRISAT

1992). A number of stem borer species have been

reported as serious pests of sorghum, of which spotted

stem borer, Chilo partellus Swinhoe (Lepidoptera:

Pyralidae) is an important pest in India (Jotwani and

Young 1972) and South and eastern Africa (Ingram

1958). Responses to stem borer infestation are influenced

by environmental factors apart from genetic factors and

their interactions. Moisture and nutrient availability

influence plant growth, which in turn will influence the

extent of losses due to stem borer damage. Therefore, we

studied the reaction of a diverse array of sorghum

genotypes to stem borer damage under irrigated and

drought conditions.
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Materials and Methods

The experiments were conducted at the Kenya Agricultural

Research Station, Kiboko during the 1990 and 1991

cropping seasons. The test material (27 sorghum

genotypes) was sown in four row plots of 2 m row length,

and the rows were 75 cm apart. There were three

replications in a randomized complete block design

(RCBD). Seed were sown five cm below the soil surface.

The crop growth was maintained under two moisture

regimes i.e., irrigated and non-irrigated (water stressed).

Both irrigation regimes received a post-sowing irrigation

to maintain uniform plant establishment. Data were

recorded on deadheart formation due to stem borer, leaf

area (%) damaged, number of larvae per five plants,

peduncle damage, and recovery resistance under natural

infestation. The number of plants with stem borer

deadhearts was recorded at 35 days after seedling

emergence (DAE) and expressed as a percentage of the

total number of plants. Leaf feeding was evaluated at 20

DAE. The number of larvae was recorded from five

randomly selected plants per plot at maturity. The

peduncle damage (1 = <10% plants with broken

peduncles, and 9 = >90% plants with broken peduncles)

and recovery resistance was assessed on a 1 to 9 scale at

maturity (1 = most of the damaged plants with 2 to 3

uniform tillers with panicles similar to the main plant, and

9 = <10% plants with tillers and productive panicles).

Data were subjected to analysis of variance, and the

significance of differences between the genotypes was

tested by F-test, while the treatment means were compared

by least significant differences (LSD) at P = 0.05.

Results and Discussion

The analysis of variance indicated significant differences

due to genotype, treatments (irrigated and non-irrigated),

and genotype × treatment interaction in plants with

deadhearts, number of larvae, leaf feeding, peduncle

damage, and recovery resistance for genotypes, except in

case of leaf area damage (Table 1). Deadheart incidence

was slightly lower (70.4%) in irrigated plots as compared

to drought stressed plots (74.6%). Deadheart incidence

ranged from 52.2 to 81.5% under irrigated and 58.0 to

90.3% under non-irrigated conditions. Leaf feeding was

greater (94.7%) under irrigated than in the drought

stressed plots (91.5%) (except in the case of ICSV

88013, IS 8193, KAT 83368, IS 23509, and ICSV 112).

The peduncle damage rating varied from 4.2 to 7.0 under

irrigated and 5.3 to 8.3 under drought conditions.

Peduncle damage was lower (5.8) under irrigated than

under drought stressed (7.0) conditions. The recovery

resistance rating varied from 3.5 to 6.5 and 5.3 to 7.7

under irrigated and drought stressed sorghum,

respectively. The plant recovery in response to stem

borer damage was greater under irrigated condition (5.4)

than under drought stress (6.3) (except in the case of

ICSH 89020, IS 23509, and ICSV-CM 865132), suggesting

that sorghum plants produce more axial tillers following

damage by the stem borer to the main plant.

Moisture availability in the soil increases plant growth,

and pushes the growing point upwards at a relatively

faster rate, and as a result the larvae are not able to cause

deadheart formation. Also, optimum moisture results in

better nutrient uptake, rendering the plants more healthy

and immune to damage by stem borer. Based on

significantly lower damage under increased soil moisture,

irrigation has been recommended for controlling corn

stalk borer, Elasmopalpus lignosellus Zeller (All and

Gallaher 1977). In the present study, the numbers of stem

borer larvae were greater (41.8 larvae per 5 plants) in

irrigated than in the drought stressed (27.3 larvae per 5

plants) plots. The moisture content of 10-day-old

sorghum seedlings and the central whorl leaf at 20 DAE

have been reported to be positively associated with leaf

feeding and larval survival (Sharma et al. 1997). Greater

plant biomass and more humidity favored the survival

and development of stem borer larvae in irrigated plots.

Karaman et al. (1998) reported that reduced water

availability affected Chilo agamemnon Blesz. activity in

sugarcane due to lower relative humidity. However,

Reynolds et al. (1959) reported that timely irrigation

decimated populations of E. lignosellus on sorghums in

southern California. Irrigation reduces the deadheart

incidence, peduncle damage, and recovery resistance in

sorghum due to stem borer, and thus irrigation could be

recommended as a component for the management of C.

partellus in sorghum.
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Introduction

The discovery of cytoplasmic male-sterility (milo cytoplasm)

led to commercial exploitation of hybrid vigor in

sorghum (Stephens and Holland 1954). Several CMS

systems have been identified in sorghum for diversifying

hybrid production. However, only the A
1
 CMS system

has been deployed for producing sorghum hybrids

worldwide, with the exception of A
2
 CMS-based hybrids

in China (Shan et al. 2000). The use of a single source of

male-sterility (A
1
 cytoplasm) has narrowed the genetic

base of sorghum hybrids. As a result, there is considerable

risk of insect pest and disease outbreaks in cultivars based

on a single source of male-sterility (Sharma et al. 2004).

Sorghum is damaged by over 150 species of insect

pests, of which shoot fly Atherigona soccata (Rondani) is

important in Asia, Africa, and Mediterranean Europe.

Plant resistance is an important component for the

management of this pest, and efforts are being made at

ICRISAT to transfer resistance genes into male-sterile

lines. Since there is considerable risk of single MS

system-based hybrids becoming vulnerable to this major

pest, it is important to determine the agronomic desirability

and the reaction of different CMS systems to sorghum

shoot fly, A. soccata.

Materials and Methods

Plant material. The experimental material consisted of

six isonuclear lines in six cytoplasmic backgrounds (A
1,

A
2,
 A

3,
A

4
G

1,
A

4
M, and A

4
V

z
M), and six maintainer (B)

lines. The test material was evaluated during the 2002

and 2003 rainy, and 2003 postrainy seasons. Each entry

was planted in 4 row plots of 2 m row length, and the

rows were 75 cm apart. There were three replications in a

randomized complete block design. One week after seedling

emergence, thinning was done to maintain a spacing of 10

cm between plants. Normal agronomic practices were

followed for raising the crop. At the milk stage, the

panicles were covered with nylon bags to avoid damage

from birds.

Observations. Data were recorded on numbers of plants

with shoot fly deadhearts in the central two rows at 14

days after seedling emergence, and expressed as percentage

of plants with deadhearts. Data were also recorded on

days to 50% flowering, plant height, and agronomic

desirability. Plant height was recorded at maturity.

Agronomic desirability was evaluated at crop maturity on

a scale of 1 to 5 (1 = good productive potential and ability

to withstand insect damage, 5 = poor productive potential

and prone to insect damage). The data was analyzed

using factorial analysis. The significance of differences

between the treatment means was tested using least

significant differences (LSD) at P 0.05.

Results and Discussion

There were significant differences among the CMS lines

for all the traits under study (Tables 1 to 4). The mean

squares due to genotype x CMS systems for plant height,

agronomic desirability and shoot fly infestation were

nonsignificant (Tables 2, 3, and 4). The isonuclear lines

in A
1
, A

2
, and A

3
 cytoplasmic backgrounds flowered 1–2

days earlier than in other CMS backgrounds. Similar

results have earlier been reported by Quinby (1970). The

A
4
G

1
 and A

4
VzM cytoplasms flowered one-day later than

the B-lines. These results are in conformity with those of

Nagur and Menon (1974). The isonuclear lines in A
2

cytoplasmic background (except in case of ICSA 26 and

ICSA 38) were shorter than in other cytoplasmic

backgrounds, but the differences among the CMS systems

were nonsignificant (Table 2). Similar observations have

been reported by Williams-Alanis and Rodriguez-

Herrera (1994). Pederson and Toy (1997) observed similar

pattern for plant height in A
1
, A

2
, and A

3
 cytoplasms. The


