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Abstract 

A study of the inheritance of resistance to shoot fly (Atharigo~ru soccahr 
Rondsni) was conducted at the International Crops Research lnstitute for the Semi- 
Arid Tropics (ICRISAT), Andhra Pradesh, India in the 1992 rainy and 1992-93 
postrainy seasons. The experiment was laid out in a randolnized block design with 
48 hybrids (developed at ICRlSAT in 1991-92) associated with their parents (12 
restorer lines and 12 male-sterile lines) and four control cultivars. Interlard and fish 
meal techniques were used to increase shoot fly population. 

Data were recorded on shootfly parameters (number of eggs per plant and 
deadheart percentage) and other related traits [vigour, glossiness, tricholne density, 
seedling height, yield score and leaf surface wetness (LSW)] and were subjected to 
statistical analysis according to the line x tester lnodel proposed by Kelnpthorne 
(1957), to estimate variances, variance components, general combining ability (gca), 
specific combining abilities (sca), heritabilities and correlation coefficients. 



It was found that both additive and non-additive types of gene action appear 
important for shoot fly resistance. Non-additive gene action was Inore important 
for LSW, and low to moderate heritability was observed for this trait. Although it 
was closely associated with glossiness and shoot fly susceptibility (in the case of 
the parents), it did not contribute directly to deadhean percentage. 

Glossiness among all characters exhibited highest heritability, genetic 
advance and strongly correlated with deadheart percentage, followed by aicho~ns 
density on leaf abaxial surface. 

Correlation coefficients, heritability and genetic gain were Inore apparent and 
higher for parents and during postrainy season where shoot fly infestation was 
optirnum. 
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CHAPTER I 

INTRODUCTION 

Sorghum, Sor,qhunt bicolor (L.) Moench Gra~ninae, is the world fifth largest 

grain crop and over 57.8  nill lion tonlies of grain are harvested annually (FAO, 

1991). 

In Yemen, sorghum ranks the first in and and production among cereal 

crops. The total area under sorghum during 1990 was 0.5 million hectares and 

production was 0.4 ~nilliotr tonnes (Agri. Statistics Year Book, 1990). 

Over 150 insects liave bee11 reported as pests of sorghun~. Shootfly, 

Arherijiorrcr soctorcc is a widespread pest of sorghum in south and south-east Asia, 

the Middle East, the Mediterranean, Europe, and Africa but is absent from the 

Americas and Australia. 

In Yetne~i shootfly is the most important pest of sorghum after birds and is 

a major factor limiting the adoption of higher yielding varieties of sorghum (Ba- 

Aangood, 1985). 

Shootfly causes damage to sorghum seedlings purticularly in delayed 

plantings (Doggett et ol., 1970). The female fly lays eggs on the abaxial surface 

of the seedlings leaves, usually on the third to sixth leaves (lain and Bhatnagar. 
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1962). After hatching, the larvae migrate to the whorl and feed on the shoot apex 

leading to death of the expanding leaf (Maiti and Bidinger, 1979). Considerable 

losses of plant stand call occur. The proble~n is particularly acute in the posaainy 

season sorghum crop in India. 

Host plant resistance is an effective and chedp !nethod of reducing losses 

caused by shootfly and is the tnost appropriate method for the small subsistence 

farmers who grow sorghum. Therefore, high priority must be given to breeding for 

resistance. To breed resistant varieties efficiently it is necessary to know the 

mechanisms of resistance and their genetic control. Due to lack of such knowledge, 

there has been limited success in incorporating resista~ice into irnproved varieties 

and hybrids, although sources of resistance hiive been known for about 42 years. 

K~lowlege of the inheritance of resistance to shootfly would be useful to 

optimize selection methodologies and breeding procedures and for transfering 

resistatice traits frotn resistant sources to high yielding varieties. 

Resistance to A. soccata is inherited quantitatively, and is predol~nantly 

controlled by additive gene action (Rao ct (11.. 1974; Balakotaiah &.al., 1975; 

Sharma et al., 1977; Rana et ol., 1975). whereas Halalle ct al. (19x2) and Agrawal 

and Abraham (1985) reported both additive and non-additive gene effects were 

predo~ninant. Inheritance of traits associated to shoot fly resistance were also 

studied and it was found that trichome density was controlled by both additive and 

non-additive gene effects (Halille et (if., 1982), whereas Gibson and Maiti (1983) 
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found a single recessive gene governed it. Glossiness also was controlled by a 

single recessive gene (Tur~nato, IYXO). Egg count/plant and dridheart percelltape 

were found to be controlled by both additive and non-additive gene effectc, (H;~lalle 

et crl., 19x2). Most of these studies have shown that traits associntrd to shoottly 

resistu~ice have a ~noderately high heritability. 

In order to broaden the genetic birse of shoot tly ~rsistance i~nd to co~iibitie 

diverse resisrance genes in one base population for slioot fly resistance. Insny 

resistant ger~nplas~n were tested at ICRISAT and 12 resistant lines (representing 

the availikble genetic diversity) have been selected and used in tliis investigntioa as 

restorer lines which were crossed to 12 ~nale-sterile lines (high yielding breeding 

lines available ut ICRISAT). 

By using pedigree methods and population i~nprove~nent to develop insect 

resistance varieties, it is i~npossible to exploit that part of genetic variance which 

is caused by do~ninance effects due to expression of do~ninence effects in the early 

generations of segregating ~naterials which disturb the selection of superior 

progenies. For pedigree selection in early generatio~is it is therefore i~iiportant to 

know how much of the observed genetic variance is due to do~ni~iancC effects. 

The objectives of Iny study are: 

1) To estimate the i~nportance of do~ninance variation in the inheritance of 

shootfly resistance and some of its associated waits (trichotnes, glossiaess, 

recovery resistance and leaf surface wetness). 
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2) To suggest appropriate selectio~i strategies for shootfly resistance breeding. 

3) To determine the heritability of leaf surface wetness char~cter and its 

relation with other resistance associated traits. 



CHAPTER 11 

REVIEW OF LITERATURE 

Atheri,yo~!cr soccuro Ro~idani was first reported iind named by Rondani 

(1x71) and first cotisidered as a pest species on sorghu~ii by Balli~rd and 

Rstnachandra Rao (1024). A.  soccutrr is the only shoot tly species that causes 

significant damage to sorghum (Seshu Reddy and Davies. 1978). 

HOST PLANT RESISTANCE 

Host plant rebistatice seems to be the ~iiost effective, economical and 

practical way of controlling sorghum insect pests and it is the cheapest method of 

reducing grain yield losses. 

Recently at ICRISAT and other crop research stations and u~iiversities all 

over the world major emphasis has been invested in developing sorghum cultivars 

resistant to shoot fly and other insect pests. 

The host plant resistance breeding work can be sucnmarized 'under four 

headings: 

1) Identification of resistant sources. 

2) Studying ~nechaniscns of resistance. 

3) Studying inheritance of resistance. 



4) Host plant resisrance breeding. 

2.1 IDENTIFICATION OF RESISTANT SOURCES 

The existelice of resistance in sorghum to shoot fly was first reported by 

Po~inaiya (1951a). He screened 214 sorghum types and selected 15 which 

possessed some resistance. Rao and Rilo (1Y56) u~id Jail1 and Bhatanngar (1962) 

evaluated 42 and 192 cultivars respectively and selected a few promising resistant 

sources. Singh et 111. (1968). Pradhan (1971) and Young (1972) at the All L~ldia Co- 

ordinated Sorghum l~nprove~nent Project (AICSIP), Jotwani (197X), Rao ct ol. 

(107X), Jotwa~ii and Davis (19x0) at ICRISAT, Mote ct crl. (IYX3), Kishore ct 111. 

(19x5) and Ni~nbalkar et (11. (19x5) have continued searching for resistance to shoot 

fly through field evaluatio~i of thousands of germplasm lilies of the world sorghum 

collection. Bapat and Mote (1982) identified Sor:yhun~ puq~u,ao.vericoum, S. 

ve,sicolor and a wild species to be immune to shoot fly infestatio~i and damage. 

de Wet et nl. (1976) identified Sncchnrum genus as to be resistant. Among thirteen 

wild sorghum accessions (Sorghum vcrsicolor, S. purpureoscricewn and S. 

dimidintum) evaluated at ICRISAT under no choice conditions, six showed < 5% 

damage compared to 95% in the susceptible hybrid CSH I .  In India, Rao (1972) 

identified Maldu~tdi or dugnrli types of Indian winter sorghum as sources of 

resistance. Salunkhe er (11. (19x2) identified three Indian check lines, Ilnproved 

sooner, GM-2-3-1 and IS 3922, which had no deadhearts and were pro~nising for 

resistance. Purple pigmented plant types with greater levels of resistance were 
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reported by Singh t t  (11. (1981). The cultivars IS 1151, IS 4776, IS 5469, IS 5470 

and IS 5410 and varieties CSV 5, CSV 6, SPV X, SPV 13, SPV I4 and SPV I9 

showed resistance to both shoot tly and stein borer. 

Anlong 16 and 45 varieties and advanced breeding material tested in 

Maharashtrd by Mote ct (11. (19x3) and Ni~iibalkar ct (11. (19x5) respectively, IS 

5490, SPV 4x9, SPV 504, SPV 570 and SPV 713 were highly resista~it to shoottly 

while E 303, E 501, E 5(.)2, E 503, E 601 and E 601 were moderately resistant to 

both shoot fly and stem borer. 

The percentage of deedhearts was used us indicator for resistance in the 

study of Shinde ct (11. ( 1  OXS). The percentages of deadhearts were 1.7 and 13 in the 

resistii~it varieties IS 2312 and SPV 101 respectively. 

Mote ct (11. (19x3) screened some male-sterile lines for shoot fly reuctio~i 

and identified 365A3, 3h7A, and 36XB7 as promising male-sterile lilies against 

shoot fly. 

Screening of large germplaan and breeding stocks has been made possible 

at ICRISAT by adopting the interlard and fish meal twhniques'under field 

conditions. 



2.2 MECHANISMS OF RESISTANCE 

Painter (1951) classified the nature of varietal resistance to illsects into three 

categories. 

1) Non-preference for ovipositio~i 

2) Recovery resista~~ce 

3) Antibiosis 

2.2.1 Nun-Preference for Ovipusition 

This refers to the situation in which the plant possesses fuctors the! render 

it unattractive to inaect pests for their oviposition, feeding i~nd shelter. Nan- 

preference by illsects is often projected as a property of the plant. Ovipositional 

non-preference by the shoot fly in resistant cultivars was first detected by Jsin and 

Bhatnagar (1962). They found sig~iificantly less oviposition (0.8 eggstplant) on 

resistant vaieties co~npared to susceptible ones (2.0 eggs/plant). More recent 

workers, including Blum (1969), Klaipongpan (lY73), Soto (1974) and Maiti and 

Bidinger (1979) have confirmed that non-preference for oviposition under low shoot 

fly population is a major factor in resistance to the shoot fly. 

Singh and Jotwa~ii (IYXOa) and Borikar ct (11. (19x2) indicated that the 

efficiency of this mechanism is not stable and tends to break down under no choice 

conditions and heavy shoot fly population. 
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Dah~ns (1972) stated that one criterion to evaluate resistance is to determine 

the number of eggs deposited. Taneja and Leuschner (1985) reported that 

susceptible cultivars were preferred for egg laying in tenns of higher nutnber of 

eggs per plant and plants with eggs. Significantly higher egg laying was observed 

on susceptible cultivars CSV I and CSH 1 under low pressure of shoot fly while 

oviposition was equal on both resistant a~ld susceptible cultivars under no choice 

conditions (in cages). 

Ovipositional non-preference has k e n  associared with leaf position. Ogwaro 

(1978) in Kenya reported that the third leaf w;ls highly preferred for oviposition 

followed by second, fourth, fifth, sixth, firht and seventh leaves under field 

conditio~l. But in India, Davies and Seshu Reddy (I9XO) found that the fifth and 

fourth leaves were preferred in that order for ovipositio~l ill the field. 011 the 

contrary, oviposition on fourth followed by fifth leaf was Inore i~nporta~it ill CSH 

1 seedlings atid egg laying on third, second and firat leaf showed significant 

reduction in deadhearts (Sukhani and Jotwani, 1979). In the infested seedlings, the 

production of deadheans was inversely proportional to the distance between the site 

of oviposition and the base of the leaf blade (Mowafi. 1967). Shanna erul. (1977) 

found significant and positive correlation between the number of eggs deposited and 

number of deadhearts. 

Studies on behavioural resistance showed that the initial choice of a 

susceptible cultivar such as CSH 1 for oviposition was random although the time 
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spent by female shoot flies on IS 2\46. IS 3962 and IS 5613 (resistant cultivars) 

was brief (Raina cr (11.. 1984). In additioa. adult females Isid eggs 011 lion-preferred 

cultivars only after laying several eggs on alternate susceptible CSH I seedlings. 

Non-preference appears to be a relative term since none of the k~iow~i resista~it 

cultivers were co~npletely non-preferred for egg laying (Shitr~l~a and Raoa. 19x3). 

Soto (1974) and Mote cr (11. (19x6) studied the oviposition Lwhaviour of 

shoot fly and reported that leaves of some of the sorghum cultivars resisrant to 

shoot fly were pele green cornpared to the dark green colour of susceptible 

cultivars. Narrowness and erectness of leaves reduced both deadheans and egg 

laying as shoot fly had less area for egg laying coinpared to broad leaved plants 

(Mote ct ell., 1986). Bapat and Mote (19x2) reported leaf colour and hairiness (with 

tricho~nes) as noa-preference ~nechanis~ns. 

MORPHOLO(;ICAI. CHARACTERS P0SSIBI.Y ASSOCIATED WITH 

SHOOT FLY RESISTANCE 

Some ~norphological characters such as seedling vigour, glossiness of leaves, 

presence of trichotnes on the leaves, seedling height and plant recovery may 

contribute to resistance of sorghum to shoot fly. 

2.2.1.1 Seedling Viguur: Rapid growth of seedling might retard the first instar 

larva from reaching the growing point. Incidence of shoot fly was higher in 

sorghum lines that were less vigorous at seedling stage, and conditions such as low 
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telnperuture, low fertility, drought etc, which reduce seedling vigour increased the 

susceptibility to shoot fly (Tanejn and Leuschncr. 19x5; Sukhani and Jotwani. 

1979). Mate et ol. (1979) indicated that most resistant types grew taller and had 

higher growth rate than susceptible ones. 

2.2.1.2 (;lossiness: It has been found that varieties resistilnr to shoot Ily usuully 

have narrow, upright leaves with yellow-gree~i glossy appearance at tlie seetiling 

stage which is termed "glossy leaf" (Jotwani cr 01.. 1971; Maiti and Bidinger. 

1979; Maiti ct (11.. 19x0; Bapat and Mote, 19x2; Omori ct ul. ,  IVXX: and Taneja and 

Leuschner, 19x5). Expression of glossiness in seedlings is an i~nportar~t trait for 

identifying shoot fly resistance in sorghum illid it is ei~sily itle~itifiable (Agrawal and 

House, 19x2). Maiti and Gibson (19x3) suggested that glossy expression in 

sorghum seedlings can be utilized as a simple and reliable selection criterion for 

shoot fly resistance. Agrawal and Abraham (1985) reported thet glossiliess is 

highly correlated with shoot fly resistance. 

Jadav et ol. (19Xh) estimated the correlation between deadheans and 

glossiness and found it negative and highly significant (correlation coefficient (r) 

= -0.77). 

2.2.1.3 Trichumes: Prickle hairs on the leaf sheath were noted to be numerous on 

resistant varieties and absent on susceptible ones (Blurn, 1968; Langham, 1968). 

Maiti and Bidinger (1979) identified 32 lines from XOOO ger~nplasrn lines with 

trichomes on the abaxial surface of the leaf blade. These had fewer plants with 
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eggs, fewer plants with deadhearts and a lower ratio of plants with deadhearts to 

plants with eggs than 35 lines without Uichomes. Maiti cr 01. (19x0) observed that 

the presence of tricho~nes on the leaf surface resulted in a lesser frequency both of 

ovipositio~i by shoot fly and of subsequent la~val damage. The resistunt cultivars 

IS 2146, IS 3962 and IS 5613 had high density of tricho~nes on the abaxial leaf 

sulface while susceptible hybrid CSH 1 was found to lack Uichomes. 

Tricho~nes have high correlation with ovipositio~l non-preference (genotypic 

correlation coefficient (r) = -0.75) (Agrawal and Abraham, IVXS). When these 

correlations were partitioned into direct and indirect effects through path coefficie~it 

analysis, direct effect of tricho~nes was low and they contributetl to shoot fly 

resistance ~nilinly through other traits. Jadhav et crl.  (19x6) found si~iiilar results. 

The association of both glossy leaf and tricho~nes with shoot fly resistance 

in sorghum has been supported by several workers (Maiti and Bidinger, 1979: 

Agrawal and House, 19x2; Omori et al., 1983; Maiti and Gibson, 19x3; Agrawal 

and Abraham, 1985; and Sharma et a[., 1992). They found that the level of 

resistance was greater when both the glossy and trichoine traits occur together. The 

glossy leaf character contributed more than trichomes and the combination of the 

two traits was more effective than either of the traits alone. 

2.2.1.4 Seedling.Height: Height of sorghum seedlings as a trait contributing to 

shoot fly resistance was studied by Singh and Jotwani (1980a). Khurana and Venna 

(IVXS), Sandhu ct (11. (1986) and Mate er (11. (1988). They reported that height was 



~legatively correlated with susceptibility. 

2.2.1.5 Silica Content: Pon~iaiya (IY51b), Bluln (1968). Bothe and Pokharkar 

(198.5) and Dalvi er (11. (1990) reported that silica rnay be a factor in shoot fly 

resistance. Bluln (1968) found much greater silica deposition at the base of the 

first, second and third leaf sheaths of resistant selectio~is than in the busceptible 

check Tx 7078. 

Incidence of A. socc.crttr and silica content of stellis and leaf sheath were 

negiltively correlated at the sixth leaf srage; IS 5490 had the highest silica contents 

(19.97%) and lowest shoot fly incidence (I6.XW) while C:K 60B had the lowest 

silica content (Il.67'&) and second highest incirle~ice (X7.4YfYo) (Bothe and 

Pokharkar, 19x5). Dnlvi er 01. (1090) bcrec~ied 45 varieties of sorghum for 

resistance to shoot fly and found that five varieties ( R 24, 370 x 3660A, E0303, 

M-35-1 and M-47-3 ) were the most tolemnt due to a higher silica coatent in their 

seedlings. 

2.2.1.6 Biochemical Characters: Several bioche~nical studies on selected 

genotypes have shown interesting differences between susceptible and resistant 

genotypes. Khurana and Ver~na (19x2) found that the quantities of amino acids 

are greater in resistant lines. In another study, Singh and Jotwani (IYXOb) showed 

that lysine was present in the leaf sheath of the susceptible hybrid CSH 1 but it was 

absent in the resistant varieties IS 1054, IS 5469 and IS 5490. The percentages of 

nitrogen. reducing sugars, total sugars, moisture and cholorophyll of the leaves were 



higher in the susceptible cultivars than in resistant ones. 

The susceptibility of sorghum to A ,  socrcrhr was positively correlated with 

phosphorus and tiegatively correlated with the content of total phenol (Khurana and 

Venna, 19x3). 

2.2.1.7 Leaf Surface Wetness (LSW) in Relation to Resistance of SI~uut Ply in 

Sorghum: The role of leaf wettability was first studied by Rivnay (1961) who 

observed the use of morning dew by freshly hatched shoot fly larvae to glide dow~l 

until they reached the leaf sheath. I t  has been supported by Blu~n (1963) who 

reported in his laboratory study that when freshly hatched It~rvae were placed on 

sorghum leaves, they fell dow~i unless the plants were moistened with a fine spray 

of water. 

The time of hatching coincides with the presence of moisture on the leaf, a 

condition favourable to ~novement of the lalvae to the base of the lcaf (Raina, 

IYXI). Nwanze ct (11. ( 1 V C ) O )  reported that leaf surface wetness (LSW) of the 

central shoot leaf was higher in 10 day old seedlings than in seedlings of other ages 

and LSW was tnuch higher in susceptible lines (>4 leaves densely covered with 

water droplets) than in resistant ones (<2, thin film of moisture). They also 

concluded that LSW of the central shoot leaf is a Inore reliable parameter of shoot 

fly resistance than glossy leaf or trichocne density. Sree ct (11. (1992) concluded 

that LSW originates from the plant and it is not due to condensation of 

at~nospheric moisture 



2.2.2 Recovery Resistance o r  Tulernnce 

Plants recover by producing tillers which produce grain after the ~nain culln 

has been destroyed by shoot fly. This type of resistance was referred to as recovery 

resistance (Dogget er nl., 1970). In Ugand;~, Doggett and Majisu (1966) found the 

variety N(~ntanro to be shoot fly resisrant as a result of its high tillering habit and 

ability to recover from early seedli~lg i~ttack. Blu~n (1972) reported that the 

resistant cultivars of sorghum Sere~ia and Ne~niirare recovered well ever1 when Inore 

than 90 per cent of the main cul~ils had been killerl. 

Among 14 hybrids, Mote er (11. (19x5) observed that SPH 196 atid SPH 325 

were least susceptible to A. soc~~orc~ at the initial stage and had high recovery 

resisra~ice resulting in the highest grain yield. 

2.2.3 Antibiusis 

Antibiosis against larval feeding offers exciting possibilities of exerting 

biotic pressure against the shoot tly (Dah~ns, 1069) and causes low larval su~vival 

on resistant varieties (Soto, 1974). Retardation of growth and development. 

prolonged larval and pupal periods and poor emergence of adults on resistant 

varieties provided direct evidence of antibiosis (Shanna ct al., 1977; Singh and 

Jotwani, 1YXOb; Raina cr (11.. 19x1). The fecundity of the female shoot fly was 

higher when raised on susceptible Swcrrna than on tnoderately resistant IS 2123 and 

IS 5604 (Singh and Narayana, 1978). 
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Singh and Jotwani (IYXOb) found that the larval and pupal periods were 

extended by X to 15 days on resistant varieties. In additio~~ to growth ;lad 

develop~nent being retarded, the su~vival and fecundity of shoot flies were also 

adversely affected when reared on resistant varieties. Rnina cr (11. (IIJXI) found !hilt 

the pre-oviposition period was extended from 3.1 days in susceptible hybrid CSH 

I to 5.6 and 6 days on the resisti~it varieties IS 1082 and IS 2312 respectively. 

They illso observed very high mortality among the first instar larvae on resisttnt 

varieties IS 2196, IS 2312 and IS 5613. Lurval survival and rate of larval 

develop~uent were dependent on the age of the host plant. Survival was usually 

highest when seedlings were two weeks old, low in very young seedlings and 

lowest ill plants more than 50 days old (Ogwaro and Kokwaro, 19x1). Survivi~l of 

the first instar la~vae not only depended on the ability of the female to helcct a 

suitable oviposition site on the leef, but also the resistance to pelletratio11 of the leaf 

sheaths and the distance between the egg laying kite and the growing point 

(Delobel, 19x2). 

Mote ct (11. (19x6) found that in most resistant varieties the growing point 

was partially cut off but later recovered. In susceptible varieties the growing point 

was completely cut and destroyed, thus showing that antibiosis contributed to 

resistance. 
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2.3 INHERITANCE OF SHOOT FLY RESISTANCE IN SOR(;HUM 

Studies on the inheritance of shoot fly resistance have generally concentratel 

on either the resistance as a whole or oo a particular trait. This part of the review 

mentions briefly some such studies. 

Veda Moorthy (l967), La~igha~ll (IYhX), Klaipongpan (19773), a11tl Borikar 

and Chopde (19x0) studied the inheritance of resistance in niatings of resistant 

parents with susceptible oneu. The hybrids were susceptible under high infestation 

indicating do~ninance or ~neiarly co~nplete dominance of susceptibility. But this 

relationships was reversed under low shoot fly infestution. In this cnse, resistance 

exhibited partial do~ninance. Agrawal and House (19x2) reported that resistnnce 

waa found to be polygenic in nnture and governed by genes with predo~ninantly 

additive effects. Maiti and Gibson (1983) concluded from their study of the F, and 

F, generations segregating from a cross of tricho~ned and tricho~neless lines that 

there were at least two additiotlal loci that interact with each other involved in 

resistance. 

Further studies of Balakotaiah ct nl. (1975) conducted on a large F, 

populntion revenled thnt the frequency distribution of different rnortnlity clnsses 

closely fits the nor~nal curve and that the inheritance of shoot fly resistance is 

predo~ninantly additive. 



2.3.1 Non-Preference Mechanism 

The genetics of ovipositional non-preference and deadheart fonnation as 

components of shoot fly resistance in sorghum were investigated by Shar~na ct nl. 

(1977) through examination of the pattern of segregalion of resistance genes in F, 

generation of susceptible x resistant crosses. They co~~cluded that one single 

recessive gene (npO) governed the non-preference to oviposition while two duplicate 

recessive genes dhl dhl, dh2 dh2 governed the resistance to deadheart formation. 

Rana et 01. (1981) dbserved ovipositional non-peference mechunism under the 

influence of partially dominant genes under low to moderate shoot fly pressure and 

the reverse under heavy infestatioo. Borikilr and Chopde (19x2) observed both 

additive and non-additive gene action to be important under low pressure and 

additive gene action under moderate to high pressure. 

Both additive and non-additive gene effects were equally important under 

high shoot fly pressure (Agrawal and Abraham, 1985). 

2.3.2 Triehumes 

Omori et al. (1988) assessed the genetic diversity of 20 sorghum cultivars 

with resistance to A. soccuru originating from different geographic regions. They 

concluded that trichome density contributed mainly towards genetic divergence in 

resistance followed by glossiness. 
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Gibson and Maiti (1983) reported that the presence of ttichomes on the 

abaxial surface was under the control of a single recessive gene. 

Glossiness plays a significant role in shoot fly resistance in sorghum and it 

is a sitnply inherited character (Agrawal and House, 19x2). Tarutnoto ( IYXO)  

indicated that the presence of glossiness is controlled by a single recessive gene. 

Glossiness is highly correlated with shoot fly resisrance and path analysis 

suggests the linkage of glossiness with some unknown inherent antibiotic fdctors; 

its intensity is quantitatively governed and is controlled by both additive and non- 

additive genes (Agrawal and Abraham, 198.5). 

2.3.4 Recovery Resistance 

Doggen er (11. (1970) identified the varieties 'Serena' and 'Ne~matare' and 

derivatives as shoot fly tolerant genotypes which recovered well even when Inore 

than 90 per cent of the tnain cultns had been killed. The broad sense heritabilities 

were high for recovery. 

Starks ct a/. (1970) discovered that additive effects and genernl heterosis 

accounted for tnost of the variance in the percentage of recovered plants. 

The specific combining ability (sca) cotnponent of variance in crosses of 

resistant sorghum parents and susceptible ones was larger than the general 
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combining ability (gca) component for recovery traits in the F, but less than the gca 

component in the F, (Shanna er cil., 1977). Borikar and Chopde (1982) studied the 

gene action of plant recovery and related traits of F, and F, diallels involving shoot 

fly resistant and susceptible lines. Additive gene action was predominant for 

seedling height and plant recovery. No correlatio~l between slloot fly resistance and 

recovery was found indicating independent genetic co~itrol. Some entries showed 

high susceptibility in the initial stages but possessed high recovery resistance which 

was reflected in grain yield. 

Heritability 

Based on buckcrosses, F,s, and advanced generation progenies, Kana e l  (11. 

(1975) and Halalli cr (11. (1983) found the heritability of shoot fly resistance to be 

arou~id 25% and 30% respectively. Sharma rt NI.  (1977) reported 49.7% and 82.1% 

heritability of deadhearts precentage in F, and F, generations respectively. 

Under selection, narrow sense heritability for deadheart counts were 14.07%, 

52.07%, 76.31%. on 14, 21 and 28 days respectively (Borikar and Chopde, 1980). 

The heritability studies also reveuled that the genetics of deadhearts ind 

eggs/plant is influenced by the level of shoot fly population pressure. 

Sharrna and Rilna (19x3) found that the character no deadheart formation in 

spite of oviposition was found to be heritable in F, and F, generations of high 

yielding x resistant varietal crosses. 



2.4 BREEI)IN(; FOR SHOOT FLY RESISTANCE IN SOR(;HUM 

Breeding for resisunce or tolerance to shoot fly in sorghum is an effective, 

cheap and appropriate method for sinall subsistence faro~ers. For achieving such 

purpose the following two stages are involved: 

I) Selection of resistant lines. 

2) Trilnsfer of resistance. 

2.4.1 Selection of Resistant l i ne s  

Screening of the world collection of sorghum at the lodian Agricultural 

Research lnstitue (IARI), Coi~nbiltore io 1968 showed that a number of lines of 

I~idiaii origin possess a high degree of resistance to shoot fly. The strain M35-I 

was one of them and it hies been used as n donor parent in some crosses. Some of 

its progeny show less susceptibility under low level of iiifestation 

(Vidyabhushanam, 1972). 

M35-I and BP-53 (with ~iiultiple resistance to stem borer and shoot fly) 

were used in crosses with dwarf exotic lines which were susceptible to stein bgter 

aid shoot fly. Their advanced generation derivatives possessed moderate to high 

levels of resistance to both insects and the derivatives of M35-1 showed inore 

resistance to shoot fly than BP-53 (Kishore, 1986). 
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A ~iu~nber  of reasonably strong and stable sources of resistance representing 

different geographic areas and taxonomic races were identified but none of the111 

posses.& absolute resistance. Heterosis for resistance was found to be associated 

with genetic divergence but not with geographic or taxono~nic divrrge~lce (Omori 

L't (11. 1988). 

Salunkhe ct (11. (19x2) evaluated 43 lines of sorghum for resistance to shoot 

fly and 15 of them were classed as promising. Of these, l~nprovetl saoner, GM-2-3- 

1 and IS 3922 had no deadhearts. Sithole and Mtiri (1987) screened 25 sorghum 

germplas~n lines for resistance to stem borer and shoot tly. Sollie lines showed 

resistance for both insects and IS 155 was classed as highly resista~lt to shoot fly. 

Some lilies alid hybrids were obselved to be significantly low in 

susceptibility to slioot tly and percentage of deaclliei~rts decreased after three years 

indicating their response to selection (Kishore et 01.. 1985). 

The sorghum varieties, N(rmoterrr and Setunc~ (which show good recovery 

resistance to shoot fly in Uganda) have been used successfully us parelits to develop 

lines with a good level of recovery resistance by utilizing recurrent selection 

method (Dogget cr a/. ,  1970). 

At ICRISAT both pedigree and population methods of breeding are being 

used. Population breeding a long term approach for sitnultancously breeding for 

resistance to Inore than one pest. Broad populations (developed by using genetic 
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male sterility) are being i~nproved by mass selectionusing a low to modc'rate insect 

presures for a few cycles (Agrawal and Abraham, 19x5). 

2.4.2 Transfer of Resistance 

Efforts are under way to incorporate genes responsible for resistance by 

making crosses between available resistant sources and the elite susceptible lines, 

then evaluating their derivative generations using pedigree method and screening 

for shoot fly resistance, agrono~nic traits and grain quality (Agrawal and Abraham, 

19x5). 

Many shoot fly resistant lines with tnoderute levels of resistance and 

reasonable yield potential have been developed at ICRISAT. The levels of their 

resistance are cotnpwable with Mnlfln~tdi, a local stalldud shoot fly resistant 

cultivar. Some of these lines - PS 21171, PS 21217 and PS 21318 - have been 

found promising even under no choice conditions. PS 14093, PS 14103, PS 14454 

and PS 21318 have shown good promise against shoot fly both within and outside 

India. 

The segregating populations of resistant x susceptible crosses canebe 

exploited for isolating resistant lines with desirable agronomic attributes (Borikar 

et ul., 19x2). 

Mote and Baput (1988) tested the F, generation derived from a cross 

between resistant sorghum varieties and other ones. The derivatives RSV XR and 



RSV YR are consistently Inore resistant than their parents. 

Blu~n (1972) crossed resistant lines with some adapted R and B lines. He 

found the seedling infestation in F, was equal to or higher than in the susceptible 

parents and the proportion of non-infested seedling in F, ranged between 4.9 and 

9.X%. He realized that resistance would have to be built illto all the three parents 

if a resistant hybrid wns to be developed. 

Bapat and Mote (19x2) tested pro~nising selections from Indiiun x Indian 

crosses for their re;rction to shoot fly in F, and F, generations and identified the 

highly promising deriviitives agcii~ist shoot fly. 

La1 ct (11. (19x6) identified SPV 346 x 2219B and PS 14413 x E 602 as 

desirable cross combinations, and indicated that the parents PS 14413, PPS 14454 

and E 602 tended to transmit genes for relatively less deadheart for~netion. 

General and specific combining ability (gca and sca) effects were estimated 

by Patel et ol. (1984) in 28 F,s from an X x X diallel. sca effects in the desired 

direction were shown by 19 co~nbinations with the best co~nbi~iations being 2068 

x M51 and M35 x M51 in normal md late sowing respectively. Mote et I Z ~ .  (1983) 

tested advanced breeding materials for their reaction to shoot fly. PS 18527, PS 

14533, SPV 491 and RHR 5 were highly resistant showing less than 2 0 4  

deadhearts. 
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In F, generation of resistant x resistant and susceptible x resistant crosses 

the percentage of healthy plant with eggs was 16.8 and 6.3 respectively. Such 

plants can be selected in segregating generations. The character no deadhenn 

for~nation in spite of oviposition may provide a criterion for 

transferrinus~engthe~iing antibiosis in resistance breeding progranunes (Shanna 

and Rana, 19x3). The progenies of the following three crosses NCL3 x CSV 5 .  

CSV4 x IS 2123 and CSV 5 x IS 4533 showed significant variability for resistance 

to A .  soccc~fu and selection could be made among these progenies (Paul ct cil., 

19x4). 

Attempts to transfer shoot tly resista~ice genes from wild sorghum relatives 

and other genera were mede. de Wet ct (11. (1976) indicated the possibility of 

transfering the resistance from S(~c,chorum genus to sorghum. Another attempt was 

made at ICRlSAT through introgression from Sorghum rlimidiul~~m to the cultivated 

types and the evaluation of their progenies for shoot fly resistance is still being 

continued. 





CHAPTER 111 

MATERIALS AND METHODS 

3.1 EXPERIMENTAL MATERIAL 

Forty eight F, hybrids were produced at ICRISAT during the IYY1/92 

postrainy season by crossing 12 shoot fly resistant restorer lines with 12 shoot fly 

susceptible cytoplasmic male-sterile lioes. The restorer lines (shown in Table la 

with their races and origins) were shoot f ly  resistant germylas~n lines known to 

show different levels and mechanisms of resistance. The male-sterile lines (listed 

in Table Ib with their pedigrees) were chosen to represent the range of elite, high 

yielding breeding lines ilvailable at ICRISAT. The male atid felwale parents were 

crossed in the combinations  show^^ in Tables 2 and 3. The resulting 4X hybrids 

comprised three (4 lines x 4 testers) sets. Those hybrids plus four control cultiv~rs 

were sown together and represented one experiment. The 12 restorer lines, 12 

male-sterile lines (represented by their corresponding ~naintainer lines), and six 

control cultivars co~nprised the other. The hybrids and parents were sown 

separately but adjacent to one another for shoot fly resistance evaluation. 

3.2 FIELD METHODOLO(;Y 

The shoot fly testing experiments were sown in the field during kharif (rainy 

season, July to December 1992) and rabi (postrainy season, November 1992 to 



Table la. Shootfly resisrant R-lies, their races and countries of origin. 

Lines Race Origin 

Set I 

Set 2 

Set 3 

IS 2205 DB India 
IS 5480 D India 
IS 5622 D India 
IS 18533 KC Pakiswl 

IS I082 D India 
IS 2123 D USA 
IS 5x01 DB India 
IS 221 14 D l~idia 

IS 923 D Sudan 
IS 5566 DB India 
IS 18366 D l~idia 
IS 22145 D ladin 

Table I b. The pedigrees of testers. 

SI.No. Line 

1 ICSA 11 
2 ICSAlX 
3 ICSA 49 
4 ICSA 88001 
5 .ICSA 32 
6 ICSA 3X 
7 ICSA 70 
X ICSA 84 
Y ICSA 73 
10 ICSA 77 
I1 ICSA 95 
12 ICSA 101 

Pedigree 

[(BTx624xUCHV2) B lines bulk]-5- 1-1- l 
[(BTx623xIX07B) B lines bulk]-18-3-1 
(FLR 141xCSV4)-3-3-1- 1 
I[ICSB22xICSB531 x Dialles 7-2-8621-1-1 
i i ~ ~ 3 0 7 x ~ ~ x 6 2 2 )  B lines bulk]-3-I-b-l 
L(BTx623xMRX62) B lines bulk]-5-1-3-5 
ind. Syn. 422-1 
(Ind. Syn. 89-IxUSIR-20-682)-5-1-3 
[(296BxSPV 105) x (2077BxM35-I)]- 19 
(E303 x 2077B)-4 
(296BxSPV 105)-12 
(Ind. Syn. 89-1 x RSIR20-6x2)-5-1-3 



Table 2. Mating scheme. 



Table 3. Cross combinations. 

Elley Pedigree Entry 
No. No. 

Pedigree 

ICSA 1 I x IS 2205 

ICSA 11 x IS 5480 

ICSA I I x IS 5622 

ICSA 11 x IS 18533 

ICSA 18 x IS 2205 

ICSA 18 x IS 5480 

ICSA 18 x IS 5622 

ICSA 18 x IS 18533 

ICSA 49 x IS 2205 

ICSA 49 x [S 5480 

ICSA 49 x IS 5622 

ICSA 49 x IS 18533 

ICSA 88001 x IS 2205 

ICSA XXWl x IS 5480 

ICSA XU001 x IS 5622 

ICSA 88001 x IS 18533 

ICSA 32 x IS 1082 

ICSA 32 x IS 2123 

ICSA 32 x IS 5801 

ICSA 32 x IS 221 14 

ICSA 38 x IS I082 

ICSA 38 x IS 2123 

ICSA 38 x IS 5801 

ICSA 38 x IS 221 14 

ICSA 70 x IS 10x2 

ICSA 70 x IS 2123 

ICSA 70 x IS 5801 

ICSA 70 x IS 221 14 

ICSA 84 x IS I082 

ICSA 84 x IS 2123 

lCSA 84 x IS 5801 

ICSA 84 x IS 221 14 

ICSA 71 x IS 923 

ICSA 73 x IS 5566 

ICSA 73 x IS I8366 

ICSA 73 x IS 22145 

ICSA 77 x IS 923 

ICSA 77 x IS 5566 

ICSA 77 x IS 18366 

ICSA 77 x IS 22145 

ICSA 95 x IS 923 

ICSA 95 x IS 5566 

ICSA 95 x IS 18366 

ICSA 95 x IS 22145 

ICSA 101 x IS 923 

lCSA 101 x IS 5566 

ICSA 101 x IS 18366 

ICSA 101 x IS 22145 
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March 1993) at the lntemationsl Crops Research Institute for the Senu-Arid Tropics 

(ICRISAT) at Patancheru, Andhra Pradesh. 

3.3 EXPERIMENTAL DESI(;N 

Both experi~nents were arranged in randomised complete block designs with 

three replications. Each genotype was planted in plots of a single row 4 In long. 

Rows were spaced 75 c ~ n  apart and ends of rows were separated by I m alleys. 

To ensure a heavy build up of shoot fly, two techniques were adopted by: 

1) sowing a susceptible hybrid (CSH 1) 20 days prior to the planti~ig 

of test materials, (two rows of CSH I after every 24 rows of test 

~iiaterial), and 

2) placing moist fish meal between the rows one week after sowing the 

test materials. 

All recommended agrono~nic practices for sorghum were adopted for raising 

the crop except that experiments were not protected against shoot fly or other 

insects. 

Sowing was done by planter machine. Ten days after emergence plots were 

thinned to give plant-to-plant spacing within rows of approxitnately 10 cm. 



Leaf Surface Wetness Study 

An additional pot experiment was conducted (February to March 1993) in 

a glasshouse at ICRISAT Center to study the inheritance of the leaf surface wetness 

(LSW) character and its relation to shoot fly resistance (Plate I). In this 

experiment, all parents, hybrids and control cultivars were grown, each genotype 

replicated three times in three pots (16 cln diameter) with 5 seedlingslpot. 

Because it was impossible to take observations on all test materials in one day, they 

were subdivided illto groups of genotypes which were planted and exa~ni~ied 

si~nultaneously on the same date. Nine groups were sown at 2-3 days intetvals. 

Recommended agrono~nic practices were carried out and plants protected from shoot 

fly by removing their eggs immediately. 

3.4 OBSERVATIONS 

Observatio~is on seedlilig vigour, glossiness, plit~~t height, wicho~ne density, 

yield, eggslplot and deadhearts/plot were recorded both in the rainy (kharif) and 

postrainy (rabi) seasons. Leaf surface wetness (LSW) data were only collected for 

rabi season. 

3.4.1 Seedling Vigour 

Seedling vigour was scored 14 days after emergence (DAE) on 1-9 scale 

where [=highly vigorous and 9=slow growing and weak seedling. 





Seedlings were scored 14 DAE on 1-9 scale where I=completely glossy, 

I)=non-glossy. 

To study the leaf trichonie density the procedure suggested by Maiti and 

Bidinger (1979) was adopted. The central portlon of the 5th leaf (from the base) 

was taken from 5 randotnly selected seedlings. Those leaf segments (approximately 

1 cm2) were preserved in 20 cc 1:2 acetic acid and alcohol solution in s~niall glass 

vials (2 cm diameter) to remove the chlorophyll from the leaf. Two days prior to 

examination this solution was replaced by 20 cc acetic i~cid (90Lh). 

For ~nicroscopic exan~ination, the segments were ~nounted on a slide after 

i ~ n ~ n e r s i ~ ~ g  in distilled water and observed under a co~npound ~nicroscope (40X 

magnification). The uicho~nes on the adaxial (upper) and abaxial (lower) surfaces 

were counted through randomly selected ~nicroscopic fields and expressed as 

tricho~ne densityl~n~n~. 

3.4.4 Plant Stand 

Numbers of plants per plot were counted 21 DAE. This figure was used as 

a base for some other measures such as egg laying, and deadheart percentage. 



3.4.5 Plant Height 

Plant height was measured in cm froni the soil surface to the tip of the 

whorl of the unopened leaf of undamaged plants at 21 DAE. 

3.4.6 Egg Counts 

Numbers of shoot fly eggs on all plants in the row were recorded at 28 DAE 

and number of eggs per plant was calculated. 

Eggs per plant = Total no. of ems  on all Dhnts i n  the row 
Plant stand per row 

3.4.7 Deadheart percentage 

It is the ratio of plants with deadhearts caused by shoot fly (recorded at 28 

DAE) to the total plant stand per row and expressed in percent. 

Deadheart percentage = No. of ~ l a n t s  with deadhearts x 100 
Plant stand per row 

3.4.8 Yield Score 

At ~naturity time, yield was scored visually on a 1-9 scale where l=high 

yield, ')=very poor. 



3.4.9 Leaf Surface Wetness (LSW) 

To study the leaf surface wetness (LSW) chaticter, the pot experilllent was 

conducted during the 1993 rabi season. The seedlings at 5th ledf stage (about 12-14 

DAE) were taken from the pots, and the 5th leaf (the whorl) was mounted and 

examined ulider a binocular microscope hetween 0200 and 0500 h. LSW was 

assessed using a visual score scale of 1-9 where I=no apparent ~noisture to a very 

thin film of moisture on the leaf lamina and Y=leaf densely covered with water 

droplets. 

3.5 STATISTICAL ANALYSIS 

3.5.1 Combining Ability Analysis 

The analysis of combining ability for lines, testers and crosses for each 

character in each set of 4 x 4 crosses (see Table 2) were done as described in 

observations on the basis of: 

1) Mean values of randomly selected plants (number of trichornes and 

LSW). 

2) Mean values of total plot values (eggslplant, and percentage of 

deadhearts). 

3) Score scale (vigour, glossy, and yield scores). 
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Data analysis for such characters was calculated according to the method 

suggested by Ke~npthorne (19.57). 

Anova table for combining ability analysis. 

Source d f SS MS Expected mean 
square 

Replication r- l 
Parents [(l+t)-11 
Parents Vs crosses I 
Lines I- 1 SSI MI oZc ++(r2,, +rto2, 
Testers t- 1 SSt Mt o?, +a2,, t r l d ,  
Lines x testers ( - I ) ( - )  SS(lxt) M,xM, d, +a2,, 
Error *G x r Me 

*G =Total (If for all sources except for replication. 

Test of significance: Menn squares due t o  lines (M,) and testers (M,) were tested 

against the mean square due to lines x testers (MI x MJ if the latter was 

significant. The lines x testers mean square was in turn tested against mean 

square due to error. If this was not significant, the mean squares due to lines (MI) 

and testers (M,) were tested against the mean square due to error. 

15.2  Pooled Combining Ability Analysis 

The pooled analysis of combining ability for both season was follows. 



Source 

Seasons 
Error (a) 
Sets 
Sets x season 
Enor (b) 
Malestsets 
Females/sets 
Male x fetnaletsets 
Males x season/sets 
Fe~nales x seasons/sets 
Male x fe~niale x sens./sets 
Error (c) 

df MS 

(Se- I )  
Se(r- I) 
(St-I) 
(St-I) (Se-I) 
Se(r-l)(st-I) 
St(M-1) 
St(F-I) 
St(M-I)(F-I) 
St(M-I)(Se- I) 
St(F- I)(Se-I) 
St(M-I)(F-I)(Se-1) 
(G- l)(Se- I) 

3.5.3 Combining Ability Effects 

Tlie combining ability effects were estimated according to Singh and 

Chaudhary's procedure (1977). 

gca(line) g, = (X, t tr) - (X ... t ltr) 

Where: X = total of all hybrids 
X, = total of ith line over all testers and 

replications 
I = number of lines 
t = number of testers 
r = ~iu~nber of replication 

b) Testers 

gcn(tester) g, = (X, + Ir) - (X ... + Itr) 

Where: X, = total of jth tester over all lines and 
replications 



C) Hybrids 

Sca(hybrid) S ,  = (X,, + r)-(X, t tr)-(X, + Ir)-(X ... + Itr) 

Where X,, = ijth combination total over all replications. 

Standard Error for Combining Ability Effects 

SE for lines SE (g,) = JMJU 

" for tester SE (y) = JMJlr 

" for hybrids SE (g,))= JM Jr 

Least Significant Differences Between Estimates 

For lines SE (g,-g) = SE(y,) x J 2  

For tehtors SE (g,-g,) = SE(gJ) x J 2  

For hybrids SE (g,,-g,) = SE(p,,) x J 2  

For comparing lines, testers or hybrids, the critical differences (CD) were 

used which where calculated by multiplying the standard errors (SE) with 't' values 

for error degrees of freedom at 5 and I %  level of probability. 

3.5.4 Prupurtional Contributiun of Lines, Testers and their Interactions tu 

Total Variance 

Conmibution of lines = SS(1) x 100 + SS crosses 

Contribution of testers = SS(t) x 100 + SS crosses 

Contribution of (I x t) = SS(1xt) x 100 t SS crosses 



Where SS(I) = sum of squares due to lines from combining ability 

esti~nate table 

SS crosses = total sum squares of lines. testers, and (Ixt) from the sane table 

SS(t) = sum of squares due to testers 

SS(lxt) = sum of squares due to interactions 

3.5.5 (;enetic Components 

a',, (line) = Cov [t(S)I = (MI-M,,,)/rt 

a',, (tester) = Cov (HS)t = (MI-M,.,)/rl 

o ~ + ~ ~  = MIX, - M, + r 

Where: r = no. of replication 

I = no, of lines 

t = no. of testers 

MI = mean square of lines 

M, = mean square of testers 

M,,, = lnteraction mean squares 

M, = Error Incan square 

3.5.6 Phenotypic and Genotypic Variance 

From the analysis of variance for each character in each season for parents 

and testcrosses separately phenotypic and genotypic variances were cornputed 

according to the procedure given by Choudhari and Prasid (1968) as follows: 



Source df Ms 

Replication r- I M, 
Treatments 
(genotypes) t- l Mz 
Error (r-l)(t- I )  M3 

Expected MSS 

Genotypic variance a?, = (M, - M,) t r 

Phenotypic variance d, = a2, + aZe 

Where M, = treatment (genotype) MSS, M, = Error MSS 

Genotypic coeffici'cnt of variation (GCV) = (Jaz, x 100) i X 

Phenotypic coefficient of variation (PCV) = (Jo2, x 100) + X' 

Where Ja2, = genotypic standard deviation 
(02, = phetiotypic sta~idard deviation 
X' = general 1iica11 of character 

3.5.7 Heritability 

Heritability (hZ) in broad sense is the ratio of genetic variance to phenotypic 

variance and was computed according to Lush (1940). 

h2 = d, t aZ, x 100 

3.5.8 Genetic Advance 

Genetic advance was co~nputed nccording to Joha~~son er a[. (1955) 

procedure as follows: 

Genetic advance = hz x K x a, 

Where h2 = heritability 



up = phenotypic standard deviation 

K = selection intensity. the value is 2.06 when top 

5% individuals are selected. 

3.5.9 Correlations and Path Analysis 

Analysis of covaria~ice was carried out for characters in pairs following 

Panse and Sukhiit~ne method (1961). The correlation coefficients among different 

characters were computed nl genotypic level as follows. 

r(X,X,) = Cov X,X, t JVar(X,) * Var(X,) 

Where - 
r(X,X,) = Correlation coefficient between XI and X, 

Cov (X,X, = Covariance between XI and X,. 

The test of significance of correliltioirs was carried out using 'r' table values 

of Fisher and Yates (1963) at (n-2) df at one per cent and five per cent levels where 

n denotes the number of genotypes tested. 

Path coefficient analysis at genotypic level for each season and for parents 

and test crosses separately was done by solving the following si~nultaneous 

equations as suggested by Dewey and Lu (1959). 

r,Y = PI + P, Yr,, + P, Yr,, + ...... + P, Yr,, 



Where 

r,Y = Simple correlation coefficient between XI and X,. 

P l y  = Direct effect of XI and Y. 

P, Yr,, = Indirect effect of X, and Y through X,. 

P, Yr,, = Indirect effect of X, and Y through X,. 

P, Yr,, = Indirect effect of X, and Y through X,. 

In the same way equations for r,Y upto r,Y were colnputed and path 

coefficielits viz., direct and indirect effect were cnlculatd. 





CHAPTER IV 

RESULTS 

The result of the two experiments conducted in the present investigations 

are presented under the following headings: 

4.1 Analysis of variance 

4.2 Mean perfor~nance 

4.3 General and specific combi~ling ability effects 

4.4 Estimates of components of varia~~ce 

4.5 Ant~lysis of genetic vuriahility 

4 Correlations and path analysis 

4.7 Srubility analysis 

4.1 ANALYSIS OF VARIANCE 

Line x tester analysis of variance of the hybrid data (Table 4) showed that 

parent lines were significantly different from each other for all chardeters except 

eggs per plant in kharif, yield score in set 1 in kharif and plant height in set 2 in 

rabi. 

Similarly, parents vs crosses exhibited significant differences for all 

characters except vigour score and plant height (for all sets in kharif) and eggs per 



~lbl. 4 .  M . m  .war.. for didf.mnc ch.r.cc.r. 1.sociat.4 with rowhm . k t  fly r..imcans. 
in kbrlfIX1 1991 1116. 2.bilR1 1991-93. 

Ts.t.e.IT1 3 5.71 1.81 

L x T 9 1.16 1.34. 

Error 46 2.64 0.63 

Parent. YI 1 3.30 30.15** 
CIO.... 

Lin.. ILI 3 1.91 1.31 

'CmsC.rslT) 3 0.80 0.91 

L x T 9 1.41 1.13.. 

Error 16 1.33 0.43 



TIItersITl 3 

L x T  9 

Error 4 6  



plant (sets 2 and 3 in kharif). 

Differences between lines were significant for vigour score (set I in kharif), 

glossy score (set I in kharif and set 2 in rabi), plant height (set I in rabi), yield 

score (set 2 ill both seasons and in set 1 during kharif), and eggs per plant (kharif 

set 2 and rabi set 3). 

Differences between testers were significant for vigour score (set 1 in both 

seasons), glossy score (except kharif set 3) upper surface trichomes (except rihi set 

3), plant height (set 1 in both seasons), yield score (except kharif set I and ribi set 

3), eggs per plant (only in nb i  set 2) and dead heart percentiige (rabi set I and 2). 

Line x tester interactions were significant only during rabi season for at 

least one set for vigour score, glossy score, upper surface tricho~nes, plant height, 

yield score and leaf surface wetness. An exa~nination of variances pooled over sets 

(Table 5) indicated that males (resistant lines) exhibited higher ~nean squares than 

Females (male-sterile lines) for all characters under study except eggs per plant and 

deadheart percentage during khnrif indicating greater diversity in lines for most 

characters. Lines also showed higher mean squares for leaf surface wetness when 

iulalyses of variances were done separately for each set (Table 4) indicating greater 

diversity among lines within sets than among fe~nales within sets. 



~abl. 5. Ln.1y.i. of vari.no. 1m.n .war..) m1.d 0v.r smt. in r.sp.ot at 9 in morghum 
parent. and hybrid. during khsriflx) 1991 a d  rabilR) 1992-93. 

Table 5. IContd..) 

source of de Plant height Yield asore Kggslplant D.adh.art % 
vaIiati0D ------------ ------------- --------.- ---------------- 

Sets 1 1 4  14.0 14.3 0.55 0.04 0.09 33.8 134.5 

ZTreZ la1 4 53.30 11.86 1.81 0.38 0.03 0.01 106.5 169.9 

ml../@.t. 9 69.58 10.16*. 5.44.. 11.91.' 0.09 0.08 68.9 501.6.. 

Tml.sl8et. 9 31.04 51.58 4.31.. 3.07** 0.18 0.05 105.1 101.4 

Yale x f-ls/aet. 17 41.61' 25.76. 0.79 0.96. 0.08 0.03 65.1 110.7 

Etrorlb) 90 16.14 15.14 1.06 0.58 0.09 0.04 106.4 181.1 



4.2 MEAN PERFORMANCE 

The means for eight characters associated with shoot fly resistance measured 

during kharif (1992) and nine characters ~neasured in rabi (1002-93) were 

calculated for the 48 hybrids. 24 parents and two check cultivnrs and are show11 in 

Tables 6a and 6b. 

4.2.1 Mean Performance of Parents 

4.2.1.1 Seedling Vigour: Seedling vigour was rated on a 1-1) scale, where 1 is 

highly vigorous and Y least vigorous. Significant differences were found between 

seasons a$ well as parents for this trait. Most of the parents were more vigorous in 

kharif than in rabi. With regud to parental lines, resistant ones (~nales) were found 

to be Inore vigorou';; all males (except IS 1x533, IS 5x01 in both seasons and IS 

2205 in kharif) had lower scores than experi~nental mean values (4.31 in kharif and 

4.74 in rabi). IS 221 14 (137) and IS 5566 (1.67) in kharif and IS 5622 (2.33). IS 

10x2 (2.67) and IS 5566 (3.0) in rabi had significantly lower scores than the 

experi~nental mean values, while susceptible male-sterile lines, except ICSA X4 and 

ICSA 101 in kharif and ICSA 32, 77 and 84 in rabi, recorded higher scores than 

the mean values. 

4.2.1.2 (;lossiness: The glossy score was rated on a 1-9 soele, where I is 

cotnpletely glossy and Y is non-glossy. Parents were statistically different from each 

other. Resistant lines (males), except IS 18533 and IS 5x01, were glossy: whereas 



~lbl* 68. Wan p*rlomo8 of paxsnts tar d l t f a r ra t  cbaraot.n .~aoci.t.d with ahmt fly 
E'*#I#tUCa dU1 .h  m i l  IK l  1991 IDd rabi ( R l  1992-93, 

9 ,  P.I.Lt. 
NO. 

1 I8 2205 

2 18 5480 

3  IS S612 

1 IS 18533 

5 IS 1082 

6 I# 1123 

7 IS 5801 

8 IS 21114 

9 IS 913 

10 IS 5566 

11 18 18366 

11 I# 11145 

13 ICIU 1 

11 ICIU 18 

15 ICSA 49 

16 ICSA 88001 

11 ICSA 32 

18 ICBA 38 

19 ICSA 10 

20 LCSA 84 

21 ICSA 7 3  

a1 I C B  11 

13 ICSA 95 

24 ICSA 101 



~&l. 6. Icentd..l. 
- -  - - - 

S. Permnts Plant height Yield scar* Bgg. Per plant D..dh.rt L.aC rurtac. 
No l plr0.nt.g. x.tn..l 

1 IS 1105 

2 IS 5480 

3 IS 5611 

4 IS 18533 

5 IS 1081 

6 IS 2113 

I IS 5801 

8 IS 11114 

9 IS 913 

10 IS 5566 

11 IS 18366 

11 IS 11145 

13 1C8A I 

14 IC8A 18 

15 ICSA 49 

16 ICBA 88001 

17 ICSk 31 

18 ICSA 38 

19 IC8A 10 

10 ICSA 84 

21 ICSA 13 

I1 ICBA 77 

13 Ic8A 95 

14 ICSA 101 11.67 10.33 6 3  8.00 0.03 0.67 75.13 41~80 5.60 --_______._________--------.--------------..-------*.----.---.---.+---*--------.----*-------------.. 
Ham of Pareat. 1.71 5 9  6.65 6.26 0.99 0.56 1991 4316 9.99 
61 t 3.35 1.96 0.61 0.40 0.15 0.10 7.16 1.70 0.11 
CD 5% 9.54 5.60 1.15 1 1  0 4  0.18 11.09 11.91 1.05 
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susceptible male-sterile lines (females) were non-glossy in both scaso~is (Plate 2). 

4.2.1.3 Upper Surface Trichomes: Resistant liries, except IS 5x01 ill kharif 

and IS 5801 and IS 1x533 in rabi, were observed to have significantly more 

tricholnes on their upper surface than the experi~nental mean values (60.65 

tricho~nes rn~n-' in kharif and 60.15 in rabi). Susceptible male-sterile lines had 110 

tricholnes or very few tricho~nes (Plate 3). 

4.2.1.4 Lower Surface Trichomes: Si~nilarly, for lower surface tricl~o~nes, 

resistant lines (with the exceptions of IS 18533 and IS 5x01) had sigt~ificantly 

higher than the mean values (23.30 in kharif and 17.90 mnilin rabi). In contrast, 

a11 susceptible ~nale-sterile lines (except ICSA 73 arld lCSA X4 in kharin had 110 

trichomes. 

4.2.1.5 Seedling Height: Differences between seasons as well as between 

parental lines were significant for this character. In rabi, most of the parents were 

taller than in kharif. Lines IS 5480, IS 2123 and IS 5566 in kharif and IS 5622, IS 

1082 and IS 923 in rabi, significantly exceeded the mean values (21.71 cm in kharif 

and 25.94 cm in rabi). 

4.2.1.6 Yield Score: Significant differences were observed between parents in 

both seasons. Lines IS 2123 and IS 22145 in kharif and IS 5622, IS 10x2 and IS 

923 in rubi were found to have significantly lower score than the mean values (6.65 

in kharif and 6.26 in rabi). 







4.2.1.7 Eggs Per Plant: Differences among parents were significant only in rabi 

season, in which all resistant lines (except IS 18533 and IS 5801) had significantly 

lower number of eggs per plant than the mean (0.56). In contrast a11 susceptible 

male-sterile lines (except ICSA 49) had more eggs per pla~rt than the Incan. 

4.2.1.8 Deadheart Percentage: Highly significant differences were observed 

between seasons for this important trait. Deadheart percentuges were significantly 

less in rabi (43.16%) than in kharif (79.92%). Parental lilies :~lso varied 

significantly. All resistant lines (except IS 18533, IS 5801 and IS 18366 ill kharif 

and IS 18533 and IS 5801 in rabi) had lower shoot fly deadhei~rt percentage than 

experi~nental mean values (79.92% in kharif and 43.16'70 in rabi). In rabi three 

resistant lines IS 2205 (14.22%), IS 5480 (8.03%) and IS 2123 (15.006) hiad lower 

deadheart percentages than even the resistant check (15.hO'Yo). 

4.2.1.9 Leaf Surface Wetness: LSW score was rated on a 1-9 scale, where 1 

is = no moisture on the leaf lamina (desirable trait for resistance) and 9 = leaf 

densely covered with water droplets. Differences among parents were highly 

significant. Leaves of resistant lines were co~npletely dry, their scores significantly. 

lower than the mean (3.99) and (except IS 5622, IS 18533 and IS 5x01) lower than 

the resistant check (2.47) too. In contrast, susceptible male-sterile lines had water 

droplets on their leaves and all except ICSA 77 exceeded the mean value score 

(3.99) (Plate 4). 





4.2.2 Mean  Performance of Hybrids 

4.2.2.1 Seedling Vigoor: Differences alnong hybrids for vigour hcore were 

significant in rabi for sets 2 and 3 (Table 4). Seven out of 48  hybrids were 

observed to have significantly lower score (~i iore vigorous) tila11 the resiht;llil check 

(4.0) and the mean valuc (3.46). 111 kharif season, ICSA 32 x IS l(lX2 (2.33) and 

ICSA 3X x IS 10x2 (2.33) alnong hybrids werc ~i inre vigorous tlia~i the resist;~lit 

check, ICSV XXOXX (4.0) (Table 6b). 

Geliefillly hybrid.; were more vigorous tl1n1i their p;irelirs, when co~i\ideretl 

individually or as a group of Ihybrids derived f r o ~ n  the s;rmc parelits. 

4.2.2.2 (;lossiness: Significant differe~~ce.; allholig liyl-rrid\ were found ill rabi for 

set 1 (Tnhlc 4). Four lhybritls were co~iipletely null-glohsy it1 tlli.; set with \core 

(9.01, producer1 wlie~l non-gloshy resistant line IS 1x533 way used as  the polli~lator. 

In gcne~.;ll a11 hybrids wzrc non-glossy like their felii:~le parents. 

Differences were ~iiarked between seasolis for this character; hybrids 

recorded higher score in rabi (7.48) than in khnrif (6.46). 

4.2.2.3 Upper  Surface Trichomes:  Generally hybrids resembled their female 

parents (susceptible lines) and had only few to very few t ~ i c h o ~ n e s  011 the upper 

su~face  of the leaf compared with the resistant check or lnale parents (resistant 

lines). 



Tabl. 6b. M0.n pmrfonmc. ef 48 hybrid. of sorghum for diff.r.nt ch.raot.r. a..ociat.d 
with * k t  fly r..i.t.nr. during kh.riflX1 1991 ud rrbilnl 1992-93. 

I ICSA 11 r I S  1105 4.33 1.67 
1 ICSA 11 X I S  5480 3.00 3.00 
3 ICSA 11 2 I S  5611 3.00 1.00 
4 ICSA 11 X I S  18533 5.00 5.00 

5 ICSA 18 x I S  2105 4.33 1.67 
6 ICSA 1 8 i I S  5480 3.33 2.67 
7 ICSA 18 x Is 5612 3.67 1.33 
8 ICSA 18 = I S  18133 6.61 4.00 

9 ICSA 49 1 Is 1105 5.33 5.33 
10 ICSA 49 9 I S  5480 55.3 3.67 
11 IcSA 49 I Is 5622 4.83 4.00 
11 ICBL 49 r 1s 18833 5.00 5.00 

13 ICSA 88001 z I S  1105 4.33 5.00 
14 ICSA 88001 X I S  5480 3.33 2.67 
15 ICBA 88001 i I S  5621 3.00 3.00 
16 ICSA 88001 X I S  18533 5.67 5.00 

17 ICSA 31 r Is 1081 1.33 1.67 
la ICSA 31 x 1s 2113 3.33 3.33 
19 ICSA 3 2 x 1 s  5801 4.33 3.00 
20 Icm 32 i I S  22114 5.00 3.00 

21 ICSA 38 I I S  1081 1.33 2.67 
22 ICSA 38 1 Is 2123 3.67 3.00 
23 ICSA 38 x 1 8  5801 3.67 5.00 
14 I c s A  38 1 I S  11114 5.67 1.67 

15 ICSA 70 X I S  1081 5.00 3.00 
16 TcSA 70 r Is 1123 3.67 3.13 
27 ICSA 70 .X I S  5801 5.33 4.33 
18 ICBA 70 z I S  22114 5.00 3.00 

19 ICBL I4 x fs lo81 3.67 4.33 
30 ICSA 84 x I S  2123 5.00 2.67 
31 ICBL 84 x I S  5801 1.67 3.67 
31 ICBL 64 I I S  11114 4.00 3.00 

33 ICSA 73 X I S  913 5.00 4.67 
31 1 c s A  73 x I S  5566 3.33 3.33 
35 ICBA 73 x Is 18166 1.33 3.61 
36 ICSA 73 x Is 12145 4.67 3.00 

31 1ceA 77 x Is 913 3.67 2.67 
38 1 c a  77 1 1 . 4  6566 6.33 3.00 
39 I C M  77 = 1s 18366 5.00 3.00 
40 ICSA 77 x I S  12145 4.67 2.67 

41 ICSA 95 x is 913 4.00 3.33 
41 ICSA 95 x 1.4 5566 3.67 3.00 
43 ICBA 95 'x Is la366 3.67 3.67 
44 ICSA 95 x I 8  21145 5.00 4.00 

45 ICSA lo1 x Is 913 3.00 1.33 
(6 I C ~  101 r Is 5566 4.67 3.67 
47 ICBL 101 x I 8  18366 4.00 5.00 
48 IC8A 101 X 11 11145 3.33 4.33 

49 CSB 1 (mma. ah.ck1 5.33 5.33 
50 ICSV 88088 lR.s..h.~kl d.33 4.00 ___________________---------------------. 
W..n of hybrid. 4.17 1.46 
sl  t 0.99 0.40 
CD 5% 1.78 1.12 



1 ICSA 11 X IS 1105 
1 ICIU 11 X 1s 5480 
3 TCSA 11 X IS 5611 
4 ICSA 11 r IS 18533 

5 ICSA 18 X I8 1105 
6 ICBA 18 1 IS 5480 
7 ICSA 18 1 I8 5611 
8 ICSA 18 x IS 18533 

9 ICSA 49 I IS 1105 
10 ICSA 49 I IS 5480 
11 ICSh 19 x I11 5611 
11 IC8A 49 x 18 18533 

13 ICSa 88001 1 IS 1105 
14 ICSA 81001 x Is 5480 
15 ICSh 88001 x IS 5622 
16 ICSA 88001 x IS 18533 

11 TCSA 31 Z IS 1082 
11 TC8A 31 x IS 1113 . 
19 ICSA 31 1 IS 5801 
10 ICSA 31 x Is 11114 

11 ICSA 38 X I8 1081 
11 ICSA 38 r IS 1113 
13 ICSh 38 z I8 5801 
14 ICSA 38 x Is 11114 

15 IC-A 70 r IS 1082 
16 ICSA 70 x IS 1113 
17 SCSA 70 x Is 5801 
18 ICSA 70 x IS 11114 

29 ICSA 84 r I8 1081 
30 ICSA 84 i IS 1113 
31 IcBA 84 x 18 5801 
31 ICSA 84 X IS 11114 

33 ICBA 73 x IB 913 
34 ICSA I3 x 1s 5566 
35 ICSh 73 x 18 18366 
36 ICSA 73 x Is 11145 

37 ICSA 77 X IS 913 
38 ICSA 77 x 18 5568 
39 IcaA 77 x Is 18566 
40 ICSA 77 r IS 11145 

41 ICBA 95 x Is 913 
41 ICSA 95 X 18 5566 
43 ICSA 95 1: IS 18366 
44 1~811 95 1 Is 11145 

45 ICSA 101 i Is 923 
46 TCSA 101 x Is 5566 
47 ICSA 101 x I8 18366 
48 I C ~  101 = TO 11145 
49 CSB 1 IR).o.ch*ckl 

50 IcsV 88088 lm..ch.okl 
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Differences among hybrids for this trait were significant in rnbi (seL5 I and 

2). lCSA 49 x IS 2205 (X.1.33 trichonies tii~n-'), ICSA XXOOI x IS 2205 (47.0). 

ICSA 73 x IS 5566 (53.33) and ICSA 77 x IS 5566 (48) atnong hybrids had 

sig~lificantly Inore tricho~nes than the mean value (21.15). but were significantly 

lower than the resistant check ICSV XXOXX (156.67) (Plate 3c). 

4.2.2.4 I.uwer Surface 'L'ricl~omes: Si~nilarly, liybrids were like their female 

parents (susceptible male-sterile lines) and had 110 trichomes on the lower surface 

of their leaves. Generally tricho~iie density on the lower surface of the leaf was 

much lower than that on' the upper surface, even in the resistant check. 

4.2.2.5 Seedling Height: Differences among hybrids for seedli~ig Iieight were 

sig~iifica~it in rabi (set 3). Only one hybrid, ICSA 70 x IS 221 14 (41.0 cm), was 

found sig~iificantly superior to the general mean (32.98 urn). In kharif season, 

seedling height of the hybrids ranged from 13.67 cm to 28.67 cm and ICSA 70 

x IS 2123 was the tallest one. 

The mean seedling height of the hybrids in rabi season (32.98 cm) was 

significantly greater than in kharif (19.55 cm) (Table 7), and also they were taller 

than their parents either individually or when the two mean values were co~npared 

(~nean value of parents in rabi was 25.94 cm). 

4.2.2.6 Yield Score: Among the 4X F,s, 19 hybrids in rabi season had 

significantly lower yield score (desirable) than the resistant check ICSV XXOXX 



Fable 7. Lines x tester analysis of variance pooled over seasons and sets of 8 characters in sorghum 
parents and, hybrids. 

Mean of squares 

Source of variation df VS 0s UST LST P1.Ht YS E/P DHO 

Seasons 1 47.42. 76.12 1528.7 32.18 12987' 5.01 2.48 40143.* 

Error (a) 

sets 

sets s season 

Error (b) 

F-leslsets 9 3.40' 3.46'. 810.SgL 30.88" 42.5' 3.43,. 0.09 114 

Male x f~~~dle/sets 27 2.00 1.39-* 617.9" 32.19" 37.5' 1.11 0.05 101 

Males x aeasonlsets 9 1.54 3.75 477.2' 16.26 22.4 5.00" 0.13. 172 

Psnales x seasonlsets 9 2.62 2.30 149.5 10.02 4 . 1  3.96" 0.15' 199 

*.'* = Significant at probability 0.05 and 0.01 respectively. 
VS - Vigor score; GS = Glossy score; US? = Upper surface trichomes. 
LST = Lower surface trichomes; Pl.Ht = Plant height. 
YS P Yield score; DB9 = O of deadheart. 
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(6.33). Out of these ICSA I I x IS 5480 gave a score of 4.0 which was 

significantly lower than the hybrid general mean (5.49). 

4.2.2.7 Eggs Laying: Hybrids in rabi season recorded lower egg laying (0.91 

eggs per plant) than in kharif (1.13 eggs per plant), but the difference wna not 

significant (Table 7). hi kharif eggs per plant ranged fro111 0.57 (ICSA 70 x IS 

221 14) which was on a par with resistant check (ICSV XX001) to 1.6 (ICSA 05 x 

IS 18366). 

I11 rabi season egg laying ranged between 0.70 (ICSA 101 x IS 5566) and 

1.93 eggs per plant (ICSA 70 x IS 5x01). The resistant check ICSV XXOXX had 

significantly lower eggs per plant (0.57 ill khnrif and 0.13 in ri~bi) than the mcan 

values of hybrids (1.10 and 0.01). 

4.2.2.8 Deadhead Percentage: A highly significant difference was found 

between seasons for hybrids as well as parents (Table 7). Shoot fly deadheart 

percentage in kharif (87.47) was significantly higher than in rabi (63.86%). 

Among hybrids, deadhean percentage ranged from 74.0 (ICSA 84 x IS 1082) to 

98.77 (ICSA 32 x IS 5801) in kharif season, and it ranged from 79.12 (ICSA 95 x 

IS 22145) to 80.17 (ICSA 70 x IS 5801) in rabi season. The mean deadheart 

percentages of the hybrids in both sensons (87.47 in kharif and 63.86 in rabi) were 

~nuch higher than corresponding means of the resistant check ICSV 88088 (47.0 in 

kharif and in rabi). 
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4.2.2.9 Leaf Surface Wetness (LSW): LSW was estimated only ia rabi. A~nong 

hybrids in set 3, differelices were significant. Only one hybrid, ICSA 95 x IS 

18366, had significantly lower score (4.53) than the hybrid mean (h.YI), but was 

significantly higher than the resistant check ICSV XXOXX (2.0). 

Generally all hybrids were like their fe~iiale parents (susceptible ~nale-sterile 

lines) and had high scores (with water droplets on their leaves) (Plate 4c). 

4.3 (XNERAI, AND SPECIFIC COMBININ(; ABI1,ITY EFFECTS 

The estimates of gca and sva effects for the X and 9 characters in kharif and 

riibi seasons respectively are given in Tables X and 9. 

4.3.1 Vigour Score 

111 rabi season highly significant gcii effects were noticed among lines and 

testers. The estimated effects ranged from -0.71 to 1.13. Line IS 54x0 (-0.7 1) 

recorded high negative gca effect (desirable) while IS 5622 (O.XX) exhibited high 

positive gca. 

Among testers, ICSA 49 (-0.79) recorded high negative gca followed by 

lCSA 1 X  (-0.63) in rabi season. 

None of the crosses exhibited significant sca effects. ICSA XXOO1 x IS 5622 

and ICSA 73 x IS 22145 in kharif and rabi respectively were the best combiners. 



Tabla 8 .  oonoral  eomblniag aility Igcal eff*ets of lines and t.st.rs for 9 charaotmr. 
in sorghum f ~ r  shwt f l v  r.mist&nce in kharifIK1 1991 and rabilal 1991-93. 

ICSA 11 
IC6A 18 
ICSA 49 
ICSA 88001 

ICSA 31 
ICSA 38 
ICSA 70 
ICSA 84 

T.It.rm 

ICSA 73 -0.35 -0.11 -0.65 0.48. - 7.88 -6.69 -0.56 -1.17 
ICSA 11 0.13 -0.21 -0.06 -1.51" 30.93.. 17.73 1.30 1.48 
ICBI 95 -0.01 0.38 0.35 1.06'* -11.90" -11.19 -0.11 -1.17 
ICSA 101  0.15 0.04 0.35 -0.01 -11.15' 1.15 -0.87 1.06 

sl * I d 1  0.44 0.19 0.38 0.23 4.15 4.16 2.05 1 .51  
SE t (8 i -Qj)  0.62 0.11 0.53 0 .31  6.01 5.89 1.90 2.13 



Plant hvight Y h l d  #em=. Egg./plant Dwadh-hrt Loaf * #urt.c. 
w.tn... ------------- - - - e m - - - - - - -  -..----...- .----------- . - e m - - - -  

R R 6 X X R  X R  R 

tines 

ICIA 11 
ICSA 18 
ICSA 49 
ICSA 88001 

ICSA 32 1.38 1.15 -0.83.. -0.75." 0.11 -0.09 -1.18 -4.61 0.16 
ICSA 30 0.46 0.73 0.00 -0.33 0.11 -0.08 -1.08 -6.06 -0.02 
ICEk 70 8 -4.10 0.15 1.83'. -0.10 0.16. 4.63 10.26' -0.35 

ICSA 73 -0.71 1.19 -0.13 -0.54 0.00 0.01 -0.03 0.74 -0.75 
ICSA 77 -2.04 0.27 -0.19' 0.13 0.04 0.00 1.84 -1.33 0.15 
ICBA 95 1.04 -1.56 1.13'. 0.38 0.04 0.04 0.10 3.90 -0.01 
ICSA 101 0.11 0.10 -0.11 0.04 -0.08 -0.05 -1.01 -3.30 0.68 

*, ** Significant at  probabaility 0.05 and 00.1 rrmpoctiv*ly. 



Bpaoille conbiniw ability 
fly r.sistans. in kbaritfnl 

.fl.ct. tor 
*ad SabilRl 

10rghu for 

8 .  0 Hybrid. Vigour moors Q1om.y meor. Vpper surface Lover rurtre. 
triohem.. trichmas -------.---. -.--.------- -----*----*--  --------..--.. 

X R  X  R  X  R  X  R  

sst-1 

1 IcBI 11 r Is 1105 0.30 -0.19 1.15 -0.71' -13.31 -12.75 

I ICSA 11 x Is 5480 -0.31 -0.54 0.90 -0.01 1.61 0.83 

3 ICIU 11 x IS 5611 0.03 0.54 -1.36 0.15 3.05 30.61'. 

4 ICSA 11 x IS 18533 0.05 0.19 -0.69 0.65 1.71 -18.75 

5 ICSA 18 X IS 1205 -0.10 0.46 -0.44 0.31 1.11 10.75 

6 ICIU 18 x IS 5480 -0.54 0.36 -0.35 0.06 -1.16 -3.00 

7 ICSA 18 X IS 5622 0.86 -0.11 0.39 0.23 -5.47 -11.50 

11 ICSA 18x1518533 -0.12-0.63 0.10 -0.60 10.53 3.75 

9 ICSA 49 1 IS I205 -0.06 -0.38 -0.61 0.15 4.63 -0.61 

10 IC81 49 x Is 5480 -0.06 0.11 -0,19 -0.10 -4.11 -3.08 

11 ICSA 49 1 IS 5622 0.42 0.19 0.90 0.06 1.05 -17.58 

11 ICSa 49 X IS 18533 -0.31 -0.13 -0.11 -0.10 -0.95 11.33' 

13 ICSA 88001 X IS 2105 -0.04 0.71 -0.10 0.31 6.63 2.67 

14 ICSA 88001 x IS 5480 0.96 -0.04 -0.35 0.06 4.11 5.15 

15 ICSA 118001 I IS $612 -1.31 -0.63 0.06 -0.44 1.38 -1.58 

16 ICSA 88001 X IS 18533 0.38 -0.04 0.40 0.06 -11.19 -6.33 
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8.1-3 

33 1CS)r 1 3 x 1 s  923 1 . 0 1  1.11' 0.65  0.60 -1.11 -6.06 0 . 5 6 - 0 . 4 0  

34 ICSA 1 3  x Is 5566 -0,SO 0 .04  -0.69 -0.13 3 .19  -8.48 1 .40  1 . 1 7  

35 ICSA 7 3  X I S  18366 0.17 0 .04  0.65 0 .10  -0.70 4.69 -0.02 0 .60  

36  ICSA 1 3  x I S  21145 -0.40 -1.19' -0.60 0 .01  -0.37 9 .85  -1.94 -1 .48  

37 ICSA 1 7  x I S  913 -1 .13  -0.13 -1.17 -0.40 11 .07  10 .19  -1.30 -3.15 

38 ICSA 77 x I S  5566 1 . 1 9  0.38 1 .06  0.94 -16.70 11 .44  -1.36 -1.48 

39 rcaA 77 1 IS 18366 -0.65 -0.19 -0.17 0.10 -1a.85 -19.40. -0 .55  -1.15 

40 ICSA 1 7  1 I S  21145 0.69 0 .04  0 .48  -0.65 18.49 6.17 5 .10  6 . 1 1  

4 1  ICBA 95 x I S  913 0 .W - 0 . 3 8  0 .98  -0.65 -6 .10  -6.23 0 .81  -0.40 

41  IC8A 95 X 1 9  5566 0 .10  - 0 . 1 1  -0.35 0 .01  10 .13  -5.65 0 .48  1 .17  

43 ICSA 95 X I S  18366 -0.40 - 0 . 1 1  -1.02 -0.15 7 .65  1 5 . 5 1  0 . 2 9  0.60 

44 ICBA 95 x I S  11145 0.11 0 .79  0.40 0.17 -11.68 -3.65 -1.63 -1 .48  

45  ICSA 1 0 1  x 19 913 0.19 -0 .71  -0.35 0.44 -1.85 1 . 1 0  0 .67  3 . 9 4  

46 ICSA 1 0 1  1 I S  5566 -0.40 -0 .21  -0 .01  -0 .13  3 .38  1 . 6 9  0.48 -1.06 

47 ICIIA 1 0 1  X 1 9  18366 0.77 0 .46  0 .65  -0.06 5.90 9.19 0 .19  0 .94  

48 ICSA 1 0 1  x I S  11145 -0.56 0 .46  -0.11 -0.15 -6.43 -11.98 -1.61 -3.81 



8 . 0  sybrid~ Qlant Yield score Iggs/pl.nts Deadhmart LS.~ murfae. 
haight )r Y.LD.II ----------- ---------.- ------.-.-- --.----.-.-.- 
K R  X U  X U  K U  R 

Srt-1 

1 ICSA 1 1 x 1 s  1105 -3.44 1.35 -0.01 0.94 0.10 -0.09 3.10 -1.61 0.63 

1 ICSA 11 r Is 5410 -0.17 -0.06 -0.01 -0.40 -0.01 0.15 -7.81 1.37 0.85 

3 ICSA 11 X 1 8  5611 1.48 1.51 0.10 -0.90 -0.13 -0.04 3.14 -1.69 -0.81 

4 ICSA 11 1 I s  18533 1.13 -1.81 0.15 0.35 0.05 -0.01 -3.51 1.93 -0.67 

5 ICSA 18 r I s  1105 3.81 -1.31 0.15 0.01 -0.10 0.05 -1.13 10.96 0.35 

6 ICSA 18 X I S  5480 3.98 0.60 -0.51 0.01 0.12 -0.04 3.39 -10.11 -0.63 

7 ICSA 18 X I S  5611 -5.94 -0.81 0.40 0.51 0.05 0.10 -1.55 5.95 0.17 

8 ICsA 18 r I S  18533 -1.85 1.51 -0.01 -0.56 -0.07 -0.11 -0.71 -6.80 0.01 

9 ICSA 49 X I S  1105 1.73 1.44 0,31 -0,06 0,08 -0.08 1.05 -5.31 -1.10 

10 ICSA 49 X 1 8  5480 -1.44 1.35 -0.01 0.17 -0.17 0.03 1.13 4.67 0.50 

11 IcSA 49 x IS 5612 -1.69 -1.73 -0.10 -0.13 0.05 -0.03 -5.31 -1.40 0.46 

12 ICSA 49 X I S  18533 1.40 -1.06 -0.19 0.01 0.04 0.07 3.13 1.05 0.14 

13 ICSA 88001 X I S  1105 -1.10 -1.48 -0.44 -0.90 0.01 0.11 -3.01 -4.02 0.11 

14 ICBA 88001 x I S  5480 -1.17 -1.90 0.56 0.10 -0.03 -0.14 -1.70 3.07 -0.71 

15 ICSA 88001 x I S  5611 5.15 1.01 -0.19 0.60 0.03 -0.03 3.61 -1.86 0.08 

16 ICSA 88001 X I S  18533 -0.77 2.35 0.06 0.19 -0.01 -0.06 1.10 1.81 0.51 



11 ICEA 38 x IB 1081 -1.71 -2.13 0.67 0.33 -0 .01  0.08 -0.28 0.46 4 . 1 4  

1 2  ICSA 38 x IS 2113 -2.88 1.52 -0.58 -0.11 0.02 -0 .11  -5.37 -4.80 4 .10  

23 ICSb 38 x IS 5801 8.29 0.19 0 .41  0.08 0.19 0.04 6.93 5 .41  0.30 

24 ICSA 38 r IS 11114 -3.71 0 .51  -0.50 0.00 -0.10 -0.01 -1.18 -1.08 0.14 

1 5  ICSA 70 X I8 1081 0,63 6.27' -0.15 -0.17 0.01 -0.06 1.00 -0.91 -0.811 

26 ICSA 70 X IS 1123 5.46 -1.65 -0.11 0.41 -0.11 -0.06 -0.85 -4.56 1.11 

17 ICSA 7 0  X IS 5801 -4.38 -3.65 0.17 -0.41 0.09 0.10 -5 .51  2.60 -0 .11  

28 ICSA 10 1 IS 21114 -1.11 -0.98 0.15 0.17 0.03 0.01 4.31 2.93 0.36 

19 IC8A 84 X IS 1082 -1.29 -4 .06  0 .41  0.08 0 7  0 0 0  4 3 0  - 1 . 3  0.73 

30 ICSA 84 X 18 2113 -1.46 -0.98 0.50 0.00 0.10 0 .11  0.72 9.41 -0.10 

3 1  ICSA 04 x 16 5801 -0.96 4.35 -0.83 0.17 -0.16 -0.10 1.58 -1.06 -0.40 

3 1  ICSA 84 x IS 22114 3 .11  0.69 -0.08 -0.15 -0.11 -0 .01  1.00 -6.03 4 . 1 3  



- 

S . W .  nybtids Plant Yield #core K g g ~ l ~ l a ~ ~ t ~  Dmadhmatt Leaf LYZ~IC. 

h.1lb.t % *.tn*1. ----------- --.-..-.--- -..----.--. ..---.----- -........--.- 
R  X R  K R  X R  I 

33  ICUA 1 3  x I S  913  

34 ICSA 13 x I S  5566  

35 ICSA 1 3  x I S  18366  

36 ICSA 1 3  11 I S  11145  

37 ICSA 17  r I s  913  

38 ICSA 7 1  r I s  5566 

3 9  ICSA 7 1  1 I S  18366  

4 0  ICSA 77 x I S  11145  

4 1  ICSA 95  1 I S  923  

4 2  ICSA 9 5  x Is 5566 

43 ICSA 95  1 I S  18366  

4 4  ICSA 9 5  x I S  21145  

45  ICSA 1 0 1  r 15 013 

46 I C S A  1 0 1  x I S  5566  

4 1  ICSA 1 0 1  1 I S  18366  

48 ICE& 1 0 1  x I S  21145  

- 

'," Bimificant a t  probability 0 . 0 5  and 0 . 0 1  rrp.atlv*ly. 



The estimates of gca effects for lines and testers ranged from -1.15 to 1.60 

in kharif and from -1.52 to 1.19 in rabi season. Among lines IS 18533 (-1.15) and 

IS 21 114 (-U.85) in kharif and rabi season respectively showed highly significant 

negative gca effects (desirable). 

Testers ICSA 11, 18, 38 and 77 exhibited high negative gccl effects 

(desirable) in rabi season and only tester ICSA 32 in kharif. 

Significant negntive sca effects (desirable) were shown by two cross 

colnbinations. These were ICSA 38 x IS 221 14 (-(].XI) and ICSA 1 1  x IS 2205 

(-0.77) in rabi season. 

4.3.3 Upper Surface Trichumes 

Only testers showed significant gca effects in both seasons. Testers ICSA 

1 l (17.70 in kharif and 27.92 in rabi season), ICSA X4 (19.40 and 30.0), ICSA 

77 (30.93 and 17.73) and ICSA 70 (15.0 in rabi season) showed highly positive 

(desirable) gca effects. 

Significant positive sca effects were noticed for two cross combinations in 

rabi season. These were ICSA 1 1  x IS 5622 (30.67) and ICSA 49 x IS 18533 

(21.33). 



4.3.4 Lower Surface 'L'richonies 

No significant gca effect for this trait was noticed in either season in either 

lines or testers. Only one cross combination lCSA 38 x IS I082 showed 

significant positive sca effect (8.33) in rabi season. 

4.3.5 Plant Height 

The estimates of gci effects for lines and testers showed highly significant 

negative gca effect (undesirable) for IS 5622 (-3.44) in rabi season. For testers, 

significnnt positive (desirable) gca effects were noticed for ICSA I8 (3.60 in kharif 

and 2.23 in rabi) and ICSA 79 (2.15 in rabi). On the contrary. ICSA XXOOI showed 

negative gca effects in both sensons. 

Two cross combinations, ICSA 70 x IS 1080 and ICSA 73 x IS 22145 (6.27 

and 5.56 respectively) showed significant positive sca in rabi seaaon. 

4.3.6 Yield Score 

Lines IS 18533 (-1.23) and IS 22114 ( - 0 3 )  in kharif season and IS 2123 

(-0.50) in rabi season showed significant negative gca effects (desirable). Testers 

ICSA 32 (-0.83 in kharif and -0.75 in rabi), ICSA 18 (-0.97 in rabi), ICSA 84 (- 

0.75 in rabi) and ICSA 11 (-0.52 in rabi) showed significant negative gca effects. 

None of the crosses exhibited significant sca effect. 



4.3.7 Eggs Per Plant 

Olily one line IS 5XIll (-0.25 in kharif) showed negative (desirable) 

significant gca effect. Significant positive (undesirable) gca effect was noticed for 

tester ICSA 70 (0.16 in rabi). None of the crosses showed significant sca effect. 

4.3.8 Deadheart Percentage 

The estimates of gca effects showed significant ~legitivc gca effect 

(desirable) for tester ICSA 1 1  (-9.75) in rabi season, while significant positive gca 

effect (undesirable) for tester ICSA 70 (10.26 in rabi). 

Neither lines nor crosses showed significant co~llbi~li~lg ability. 

4.3.9 Leaf Surface Wetness 

No significant gca or sca was noticed for this wait. 

4.4 ESTIMATES COMPONENTS OF VARIANCE 

Colnponents of variance due to general colnbining ability (gca) and specific 

combining ability (sca) were estimated (Table 10) for the eight and nine characters 

in kharif and rabi seasons respectively and when the differences among lines, testers 

or lines x testers were significant (Table 4). 

The ratio of ozwJc?,, gave an approxi~niate idea about the nature of gene 

effect and Ja',~o~,, estimated the degree of dominance. The percentage 





Parcent oontribution to total varhnc* ------7------.----..-----.---..---..---- 

Linas 1 7 . 0 6  41 .68  3 9 . 4 0  37 .79  55 .53  1 1 . 3 7  
R 1 9 . 0 6  17 .02  3 5 . 4 0  5 .16  4 .73  3 0 . 1 8  1 2 . 1 1  1 9 . 5 6  3 1 . 4 1  

Tmstars K 1 3 . 4 5  1 4 . 1 1  8 . 5 5  10 .55  1 4 . 9 3  8 .93  
R 1 6 . 8 0  58 .56  7 .67  6 1 . 1 4  6 6 . 8 4  1 6 . 2 9  5 .75  9 .17  1 2 . 5 2  

L x T K 79 .49  3 4 . 1 1  5 1 . 0 5  4 1 . 6 6  1 9 . 5 4  69 .70  
R 54 .14  1 4 . 4 3  56 .93  33 .60  1 8 . 4 3  5 3 . 5 3  1 2 , 1 4  6 1 . 2 7  ( 6 . 0 6  

aalca = Vlriance o€ g.aerr1 c d i n i n p  doility. 

n'aca . Vartance of .p.aific coabininp Ibllity, 

a21ca/b1gca rn Ratio e l  sca to gca = d*gr.m of ddmlaanc.. 
Ns m Not significut 

0 = Either sca or gca il not significant. . Both sea and WE. are not ~ignifi~ant. 
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contribution of lines, testers and line x tester were co~nputed and the results are 

presented in Table 10. 

The 02,Ja?,,, estimates revealed the relative i~nportance of two kinds of 

gene action in the genetic cotitrol of the various characters. The ratio a2,,j$,, 

being above one for the characters seedling vigour, plant height and LSW 

e~nphasized ~najor role of non-additive gene action in their inheritance. In this group 

of characters, the percentage co~itribution of L x T was high in most cases. 

For other characters - glossiness, upper surfnce tricholnes, yield score, eggs 

per plant and deadheart percentage - where the ratio d,,/a2,, was less than one, 

additive component of genetic variation had major influence. Percentage 

co~ltributio~is of either lines or testers were high in such characters. 

4.5 ANALYSIS OF (iENETIC VARIABILITY 

The total variability was partitioned into genotypic and phenotypic variation 

and their respective coefficients of variation were cotnputed for the 4X hybrids and 

24 parents separately for X and 9 characters in kharif and rabi seasons respectively. 

Heritability (broad sense) and genetic advance (percentage over mean) were also 

estimuted. The results obtained are presented in Tables I I and 12, 



Table 11. MUD, a g w n t l  *f varL.ns., h ~ r I t a b 1 l l t ~  and w m t l r  a d v . ~ .  of d l l f l n n t  ch.ner.rl a110eL.t.d 
with .emhum s h w t  f l y  m s l s t m ~ .  for v.z.ntl In k h ~ i f  IKI 1991, n b i ( l 1  1991-91 asd m01.dOl 
.C1DI I  1..10n11 



Table 12. urn, ee90n.1C1 of v a r 1 ~ 0 1 ,  h * r l t a Y l l t ~  and I m r t I o  advmb of  dltf.r*nt ch .nc t*r l  en 
aamhua ~ h w t  f l y  n l l * t m o .  f ~ r  hybrldo i n  k h r I f l K l  1881, nb1lRI 1991.93 and p w b d  0 1  
.SI$.I ,..s~nS. 

v l s e u ~  # c o n  

................. 
x n P 

- 
HI.n 4.27 1.46 1.01 

PLY \ 39.8 10.1 36.5 

8.rltabllIty (\I - 56,O 15,O 

Tabla 11. Isontd.) 
. -- .~ - - . - 

Plant hight Yield soon Ipg.Ivl~nt D..dh..rt b a t  1urfa8 
p.ro.nt.g* *.tn.rr ................................................................................. 

X R K R I K R  K R R  
-- - -------.-- ---" - 
Y.&D 19.55 3 l ,01  26.26 3,16 6.49 5.61 3.10 0.91 1.01 07.41 63.06 75.66 6.91 

0.n.tioadvanc. 11.0 10.1 1.6 11.0 20.1 16.9 1.1 3.1 0 . 0  . 1 , 1  0.0 1.0 
1% W.I -.I 
.- * . -- -- 
PLY m O m o t ~ i o  o a r f t l s l ~ n t  o l  vad.tIon. 



4.5.1 (;enotypic and Phenotypic Vnriance 

A large amount of variation was observed among allnost all the characters 

in both seasons. Phenotypic variance of both hybrids and parents was Inore than 

genotypic variance for all the characters in both smsons. The highest genotypic and 

phenotypic variance was observed for upper surface tricho~nes, wherc;~s lowest 

values were observed for eggs per pliant. 

Among seasons genotypic and phenotypic variance of hybrids for characters 

viz., vigour score, glossiness, plant height, yield score and eggs per plant were 

highest in kharif, 

4.5.2 (ienotypic and Phenotypic Coefficient of Variance 

For parents, vigour score, lower surface trichomes, plant height and yield 

score were highest in kharif. Maximum genotypic and phenotypic coefficients of 

variance (GCV) and (PCV) were observed for lower surface tricho~nes while 

~ninitnu~n GCV and PCV were observed in kharif season for eggs per plant and 

deadheart percentage respectively. 

4.5.3 Heritability 

Characters were classified into four groups according to their heritability 

estimates: 



1. Highly Heritable Characters (>XO%) 

The characters that fell under this group were; glossiness and wichomes on 

both surfaces of the leaf o~rly for parents. 

2. Intermediately Heritable Characters (50-80%) 

These included seedling vigour and yield score (in rabi) for both parents and 

hybrids; plant height, eggs per plant, deadheart percentage and leaf surface wetness 

for parents in rabi and only glossiness for hybrids in rabi. 

3. Idow Heritable Characters (20-50%) 

The traits in this group were yield score (for both parents and hybrids in 

kharif), deadhenrt percentage for parents in kharif, lower su~face uichomes, plant 

height, LSW (for hybids in rabi) and glossiness for hybrids in kharif. 

4. Very Low Heritable Charncters (<20%) 

Only eggs per plant (for hybrids as well as parents) and deadheart 

percentage (for hybrids) in kharif fell under this group. 

Generally the heritabilities of the characters under study were higher for 

parents than for the corresponding hybrids. Some characters exhibited distinct 

changes in their heritability across seasons; yield score, eggs per plant and 

deadheart percentage showed lower heritability in khilrif than in rabi. 



4.5.4 (ienetic Advance 

Genetic advance (% over mean) was estimated to provide a clear picture 

about the expected gains when the best five per cent of genotypes were selected. 

4.5.4.1 For Parents: Genetic advance ('Yo over tnean) was high for tricho~iies 

(upper and lower surface) followed by glossiness in both seasons wherens it was 

low for eggs per plant and deadheart percentage during kherif season. 

4.5.4.2 Fur Hybrids: The genetic advance ('70 over !neon) in both season was also 

high for tricho~nzs and low for eggs per plant and deadheart percentage. 

4.6 CORRELATION AND PATH ANALYSIS 

Cor~.elation coefficients were computed for eight different chwacters 

associated with shoot fly resistance in both seasons, and pooled over the two 

seasons for the 48 crosses also estimated. The correlation coefficient were also 

worked out for nine characters (leaf surface wetness was additional to the X 

characters) among hybrids and parents during rabi season. The results are presented 

in Tables 13 and 14. 

4.6.1 Correlation Among 8 Characters 

4.6.1.1 Deadheart Percentage: Deadheart percentage is an apparent indicator for 

shoot fly susceptibility and it was correlated with other wits. Strong positive 

correlations were observed with glossy score, yield score and eggs per plant in rabi 



Table 13. Correlation coefficients mong 8 characterr ol hybrid# during kharil(X) 
1992, and rabi(R) 1991-93, and pooled(P) over sealone. 

Gloamy m D 4 r  Lower Plant Yi-ld Bggrl Dead- 
score ourlace surlace height #core plant heart 

trichosea trichsmea % 

Uppar X 
surface R 
trichomoa P 

Lower x 
surface R 

P 

Plant X 
height R 

P 

Yield K 
score R 

P 

Eggs1 X 
plant R 

P 

'.*' Bigniiicmt at probability 0.05 and 0.01 r.sp.ctively. 
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season, sig~iificant negative correlations with lower surface tricholnes atid plant 

height in rabi season, and with upper surface tricholnes (over both seasons). In 

kharif season, correlation coefficients were not significant and in some cases they 

were in the opposite direction to rabi co~~elations, such as for vigour score. Tlius 

there wa% no consistent relationship across the seasolis. 

4.6.1.2 Seedling Vigour: Vigour score was positively correlated with glossy score 

and yield score, and negatively correlated with plant height for both seasons and 

eggs per plant in kharif season. This result was not on line with the predicted, 

which means there were Inore eggs per plant on Inore vigourous seedling. In rabi, 

the relationship was vice versa (but not significantly). 

4.6.1.3 (;lossiness: Glossy score was negatively correlated with plir~it height i~nd 

positively correlated with yield acore (in both seasons). Significilnt 11eg;ltive 

correlation was observed with upper surface tricho~nes (only in kharif). Tlie 

relationship between glossiness and eggs per plant was also contradictory, while the 

correlation in kharif was significantly negative, it was significantly positive in rabi. 

Glossiness was strongly significant and positively conelated with deadheart 

percentage (in mbi). This is in conforlnity with the hypothesis that more glossiness 

leads to less damage. In rabi, lines had lower glossy scores (more glossiness), md 

the shoot fly deadheart percentages were also low. 
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4.6.1.4 Upper Surface Trichomes: This trait was strongly and positively 

correlated with lower surface tricho~nes whereas it was negatively correlated with 

yield score for both seasons. The effect was significant for deadheart perceatage 

over seasons. 

4.6.1.5 Lower Surface Trichornes: Significant negative co~elations were 

exhibited between this trait and yield score (only in kharifj and deidheart 

percentage (in rabi and over seasons) . 

In general, tricho~nes either on adaxial or abaxial surfaces of the leaf 

produced an apparent effect in the reduction of shoot fly deadheart percentage. 

4.6.1.6 Plant Height: Plant height was negatively correlated with yield score, eggs 

per plant and deadheart percentage (in rabi), yield score ant1 deadheart percentage 

(over seasons). 

4.6.1.7 Yield Score: Interestingly, significant positive correlations were noticed 

betwee11 this character and eggs per plant (in rabi and over seasons), and d e a d h e i  

percentage only in rabi season. This relationship coincided with the general 

expectation that less damaged plants give more yield. 

4.6.1.8 Eggs Per Plant: Eggs per plant was strongly and positively correlated with 

deadheart percentage in rabi season while this effect was not apparent in kharif. 

This was another indicator of instability across seasons. 



4.6.2 Correlation Among 9 Characters 

Estimation of the correlatio~w among nine characters of pilrenls and hybrids 

was done in rabi season to deterinine the degree of correlation of the i~dditionul 

character (leaf surface wemess) with other characters (Table 14). 

4.h.2.1 Deadheart Percentage: Interestingly, significant positive correlatio~is were 

noticed between deadheart percentnge and glossy score, yield score and eggs per 

plant (for both pnrents and hybrids), vigour score and leaf surface wetness (only for 

parents). Deadheart percentage was significantly and negatively associated with 

lower surface tritho~nes and plant height (for both parents atid hybrids) and with 

upper surface tricho~nes (only for parents). 

4.6.2.2 Leaf Surface Wetness (I.SW): Highly sigiiifica~it positive correlntions 

were noticed for LSW with; vigour score, glossy score, yield score, eggs per plant 

and deadheurt percentage among parents only, whereas LSW was negatively 

correlated with tricholnes on both surfaces and plant height in parents also. In 

respect of hybrids, estimates were slnall in magnitude. 

The results of correlations among leaf characters (glossiness, tricho~ne 

density on both surfaces and LSW) indicated that those characters correlated td each 

other. Resistant lines (males) hlld glossy leaf, Inore vicho~nes and a low LSW 

score, whereas it was the opposite (non-glossy, without trichomes and CI high LSW 

score) for susceptible male-sterile lines and hybrids (some hybrids had few 





4.6.3 Path Coefficient Analysis 

Path coefficient analyses were carried out to understnnd the influence of 

direct and indirect effects of seven and eight characters associated with shoot fly 

resista~ice in kharif and rabi respectively on dendhenrt percentage (independent 

trait). 

4.6.3.1 Direct and Indirect Effects of 7 Characters on Deadheart Percentage: 

Direct and indirect effects of vigour score, glossiness, trichomes, plant height, eggs 

per pla~it and yield score on deadheart percentage were estimated in kharif ant1 rabi. 

Pooled over seasons was also computed (Table 15). 

Eggs per plant exerted highest positive direct effect (0.53) on dendhenrt 

percentage during rabi season whereas it was low and negative in kharif (-0.13) 

followed by yield score (0.32, 0.14) in rabi and kharif respectively. Vigour score 

exhibited negative direct effect on deadheart percentage in both seasons and pooled 

over seasons (-0.48, -0.30, -0.32). Glossy score showed considerable positive direct 

effect, other traits (trichomes and plant height) exhibited low negative direct effects 

on deadheart percentage. 

4.6.3.2 Direct and Indirect Effects uf 8 Characters on Deadheart Percentage 

in Rabi: To luiow the contribution of leaf surhce wetness to the deadheart 

percentage, the direct effects of this trait as well as the other seven characters 



Table 15. Direct and indirect affects of different characters on Q6 of shoot fly 
dead heart in kharif (K) 1992, and rabi(R) 1992-93, and pooled(l) over 
sc~anons. 

VS 08 UST LST PH YS ElPL Q6DH 

Vigorsoore It -0.48 0.11 0.004 -0.01 0.05 0.05 0.05 -0.13 
(vs) R -0.30 0.11 0.001 0.01 0.08 0.20 0.12 0.22 

P -0.32 0.15 0.000 0.01 0.07 0.20 -0.01 0.19 

aiossy score K -0.27 0.20 0.040 -0.01 0.04 0.07 0.06 0.11 
(05) R -0.13 0.25 0.004 0.02 0.04 0.13 0.21 0.52 

P -0.17 0.28 0.004 0.03 0.05 0.37 -0.004 0.57 ---- 
Upper surface K 0.02 -0.07 -0.11 0.04 -0.01 -0.05 -0.01 -0.19 
trichomaa R 0.02 -0.06 -0.02 -0.04 -0.01 -0.09 -0.06 -0.27 
LUST) . P 0.00 -0.12 -0.01 -0.05 -0.01 -0.14 -0.01 -0.34 ----- 

Loworsurface K 0.05 -0.03 -0.05 -0.08 -0.004 -0.05 -0.01 -0.02 
trichomer R 0.02 -0.05 -0.01 -0.10 -0.001 -0.05 -0.14 -0.33 
(LST) P 0.03 -0.09 -0.004 -0.10 -0.002 -0.12 -0.01 -0.29 ----- 

Plant height K 0.29 -0.10 -0.020 0.004 -0.08 -0.04 -0.02 0.04 
(PHI R 0.23 -0.09 -0.002 -0.001 -0.11 -0.20 -0.11 -0.34 

P 0.23 -0.14 -0.001 -o.ooa -0.11 -o.as -0.01 -0.29 

Yield .core K -0.17 0.10 0.040 -0.03 0.02 0.14 0.03 0.13 
R -0.18 0.10 0.005 0.01 0.07 0.32 0.24 0.56 
P -0.19 0.22 0.003 0.03 0.06 0.41 0.01 0.60 

Eggslplant K 0.20 -0.10 -0.010 0.01 -0.02 -0.03 -0.13 -0.07 
(EIPL) R -0.07 0.10 o.ooa 0.03 0.04 0.14 0.53 0.77 

P 0.03 -0.01 0.001 0.01 0.01 0.07 0.08 0.19 
---" 

Tha underlined figurer danota direct effect. 
Residual affect for kharif = 0.91 
Rssidual eftsct for rabi . 0.53 
Rnuidual effect for pooled . 0.73 
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(mentioned above) during rabi season were estimated for both parents and hybrids 

(Table 16). 

Eggs per plant (0.62, 0.55) for parents and hybrids respectively exerted 

highest positive effect on deadheart percentage followed by glossy score (0.36 and 

0.23) and yield score for hybrids (0.32). Upper and lower surface trichomes, plant 

height and LSW showed low direct effect on deadheart percentage. 

4.7 STABILITY ANALYSIS 

The pooled a~ialysis of variance and stability a~ialysis were carried out for 

lines, testers and liybrids across two seasons and three sets for characters associ;lted 

with shoot fly resistance. The results are presented ill Table 7.  

The pooled a~~alysis of variance showed significant differences across 

seasons for vigour score, plant height and deadheart percentage. Among sets, 

glossiliess and yield score exhibited significance. Also significant differences were 

noticed for upper surface trichomes, glossiness and eggs per plant between inales 

(lines) across seasons. Between fe~nales (testers) among seasons significant 

differences were found for plant height, yield score and eggs per plant whereas no 

significant differences were noticed for hybrids across seasons. 



Table 16. Direct and iudir-et mft*cts of diffmrmnt oharact*rl aa shwt fly d.adb.art for 
par.ntrlPl u d  hybridslll) in rrbi 11992-93). 

Uppar surface P 0.06 -0.34 0.110 -0.12 -0.13 0,06 -0.54 0.001 -O,89 
t r L h s  B 0.01 -0.05 -0,010 -0.04 -0.01 -0.09 -0.07 -0.004 -0.17 
IUBTl ------ 
W a r  murfaos P 0.05 -0.31 0.110 -0.14 -0.11 0.05 -0.51 0.001 -0.88 
trichms K 0.02 -0.05 -0.010 -0.10 0.00 -0.05 -0.15 0.003 -0.33 
(wrrl "---- 

Plant height P 0.07 -0.16 0.010 -0.09 -0.19 0.01 -0.34 0.001 -0.65 
(PHI W 0.11 -0.08 -0.001 0.00 -0.09 -0.10 -0.18 0.000 -0.34 ----- 
Yiald score P -0.05 0.21 -0.070 0.06 0.15 -0.10 0.18 -0.001 0.49 
(YBl I -0.17 0.09 0.004 0.01 0.06 0.31 0.15 -0.006 0.56 ----- 

The der1in.d fipr.. dmnot. direct 0ff.ct. 
R..idu.l .fL.et for parants 0.18 
R.*idual offeet for hybrids . 0.51 



DISCUSSION 



CHAPTER V 

DISCUSSION 

The sorghum shoot fly (Athcri,qotrcc socccln~ Rond.) is a mio r  pest of 

sorghum in Asia causing severe damage to the seedlings and is an importint factor 

limiting the use of higher yielding varieties and hybrids. 

Host plant resistance is most econo~nical and an effective method of 

reducing losses due to insect pests in sorghum and of stabilizing its yield. 

To breed resistant varieties it is necessary to know the mechanisms of 

resistance and their genetic control in order to optimize selectio~i methodologies and 

to i~icorporate the resisra~ae from resistant sources into commercially cultivated 

sorghum cultivars. 

A systematic programme of screening for resistance to sorghum shoot fly 

under diverse environ~nental conditions has been in progress for over a decade in 

India, and some of the Indian varieties are reported to posses a fairly high degree 

of resistance (Jotwani d ul., 1971; Soto, 1972). At ICRISAT, resistant sources 

representing different taxonomic races and ecogeographical regions of the world 

have been identified. Genetic diversity was observed for shoot fly resistance in 

these sources (Agrawal and Abraham, 1985). 



92 

Resistance to shoot fly has been ateibuted to non-preference for oviposition 

(Blu~n. 1967) which lnay be due to the presence of tricho~nes on the leaf surfuces 

(ICRISAT, 1978) and the glossy leaf trait (Maiti and Bidinger, 1979). Leaf surface 

wetness (LSW) of the cenual leaf of sorghum seedlings is also associated with 

deadheart damage due to shoot fly (Nwanze ct ul., 19l)O). 

Resistance to A .  snccuru has been shown to be inherited qua~ititatively and 

to be predo~ninantly controlled by additive gene action (Rao ct al., 1974; Shar~na 

et crl., 1977). However, Agrawnl and Abraham (1985) reported non-additive gene 

effects. Heritability has been estimated as - 50'70 for F, (Shar~na et 01..  1977). 

Esti~niates of genetic coefficients of variability, heritability and genetic advance were 

better when shoot fly infestation was opti~nized (Borikar et ul., 1982). 

The present study involved 4X hybrids developed at lCRlSAT during 

1991D2 by crossing 12 diverse shoot fly resistant sources (lines) to 12 male-sterile 

lines (testers) in three sets of 4 x 4 line x tester combinations. The study was 

initiated with the objective to estimate the importance of dominance in the 

inheritance of different characters associated with shoot fly resistance and to suggest 

appropriate selection strategies for shoot fly resistance breeding. 

The interesting cross co~nbinations from this study were also selected either 

on the basis of high per se performance (less egg laying and lower deadheart 

percentage) or for high gca effects of their parents. 



5.1 MEAN PEKF(.)RMANCE 

5.1 .I Seedling Characters 

Significant differences were found between seasons for seedling characters 

(seedling vigour and seedling height). Most of the hybrids were Inore vigorous and 

taller in rabi than in kharif season. This was probably due to environmental 

variation: in rabi there were more sunshine hours during the period from 

emergence up to scoring (6.16 hrslday) and lower teliiperatures (average Inean 

23.1I0C) co~npared to 2.28 hrs and 25.3g°C in kharif. In both seasons the 

differences among parents were significant; resistant ones (males) in line with 

expectntions, were Inore vigorous and taller than susceptible ~nale-sterile lines 

(females). These results were in confor~nity with previous ones obtained by Taneja 

and Leuschner (1985) and Pate1 and Sukhane (IYYO). Hybrids were also 

significantly more vigorous and taller than their parents, indicating the expression 

of heterosis in F,. 

5.1.2 Leaf Characters 

Differences between seasons for leaf characters (glossiness, uicho~ne density 

and LSW) were not significant. Resistant parents (with the exception of IS 18533 

and IS SXOI )  were significantly Inore glossy, had significantly more uicho~nes and 

lower LSW scores than suceptible male-sterile lines (females). Similar results were 

reported by several workers (Blum. 1968, 1972; Maiti and Bidinger, 1979; Maiti ct 
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al., 19x0; Raioa, 19x1; Taneja and Leuschner, 19x5; O~nori ct (11.. I9XX; Nwanze 

Hybrids were significantly worse than their resista~it parents for leaf 

characters, but they were slightly better than the susceptible parents, indicating 

i~ico~nplete dominance for these characters. Among hybrids, differences were 

significant for leaf characters in ribi (for glossi~iess in set I ,  tricho~nes in sets I and 

3, and LSW ill set I). Hybrids produced w h e ~ ~  IS 18533 and IS 5x01 (noa-glossy 

and with few trichomes) were used as pollinators were completely non-glossy, 

tricho~ileless and with high LSW score. 

5.1.3 Yield Score 

Hybrids in kharif (all sets) and in rabi (set 1) had significar~tly lower yield 

score (favourable) than their parents. This result was in line with prediction, 

suggesting the appearance of heterosis. 

An unexpected observation was that resistant parental lines were found to 

have lower yield score than susceptible male-sterile lines (elite, high-yielding lines) 

indicating that the severe shoot fly damage on susceptible parents negatively 

influenced their yield scores. 



5.1.4 Shoot Fly Parameters 

The susceptible parents had significantly more egg laying in rabi (for all 

sets) and in kharif (set I). and higher percentages of deadhearts (in both seasons for 

all sets) compared to the resistant parental lines, indicating that susceptible parents 

were Inore prefelred by shoot fly for egg laying (1.0 eguplant in kharif and 0.75 

eggs/plaat in rabi). The hybrids also had Inore egg laying (1.10 and 0.91 eggstplant 

in kharif and rabi respectively) and deadheart percentages than the resistant parents 

and slightly more than the susceptible ones due to their vigour. 

Although the difference between seasons for hybrids was not significant for 

egg laying (the difference between kharif and rabi was 0.19 eggs per plant) it was 

for deadheart percentage (the difference was 23.619). Parents followed a si~nilar 

pattern for egg laying; the difference between scasoos (0.43 eggslplant) was [not 

signific:~~it, but it was for deiidheart percentage (the difference was 36.72%). This 

result revealed the strong seasonal effects on the genetic control of shoot fly 

resistance. Similar results were obtained by Jotwani and Srivastava (1970) and 

Farah (1992). who suggested that fluctuation in shoot fly incidence was due to 

~neteorological factors such as temperature and relative humidity, which appeared 

to be convenient for shootfly survival during kharif season; the minimum relative 

humidity and the average ~ninimurn temperature were 72.73% and 21.53"C 

respectively in kharif co~npared to 43% and 13.57OC in rabi. 



5.2 POOLED ANALYSIS OF VARIANCES 

The pooled analysis of variances over sets (Table 5) revealed highly 

significant differences among resistant lines (males) for all characters except lower 

surface aichomnes, eggs per plant (in both seasons), plant height and deadhren 

percentage (in kharif) revealing a large amount of variability among these lines. 

Significant differences were noticed among susceptible male-sterile lines 

(females) only for yield score (in both seasons) and vigour score (in rabi), 

indicating that they had sirnilar levels of shoot tly susceptibility. To differentiate 

among them only other traits (i.e., recovery and yield score) could be taken into 

coosideration. 

The great genetic variability alnollg males, and absence of such variability 

alnong fernales were predictable, since resistant lines (males) were sa~nples selected 

from large populations representing diverse sources, while the male-sterile lines 

were elite lines developed at the same location (ICRISAT), and with much narrower 

genetic background. 

Among hybrids significant differences were found for all characters except 

eggs per plant, deitdheart percentage (in rabi), upper surface trichomes, and plant 

height (in kharif). Non-significant differences alnong hybrids for egg laying and 

derdheart percentage in rabi, showed that hybrids also had si~nilar level of shoot fly 

susceptibility. From the mean performance, hybrids in general ressembled their 
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female susceptible parents suggesting that shoot fly susceptibility is dotninant, and 

its inheritance is complex. 

It was noticed that the lneali squares due to lines for all characte~s except 

eggs per plant and deadheart percentage in kharif were higher then the 

corresponding mean squares due to testers. Lines also showed higher liiean square 

for LSW than testers (Table 4), indicating greater diversity among lines which 

might be exploited to develop resistant varieties. 

Also from the pooled a~iillysis of variance it was noticed that mean squares 

due to lines x testers over seasons were lower for all characters except lower 

surface uichomes (in kharif) than either mean squares due to lines, testers or both, 

indicating that hybrids were more uniform !ha11 the parents. 

5.3 NATURE OF ( X N E  AC'I'ION 

The estimates of general combining ability variance (d,,) were larger than 

the corresponding specific combining ability variances (a',) for all the characters 

except for vigour score, plant height and LSW. The ratios of were less 

than 1 for these characters indicating additive type of gene action. whereas non- 

additive gene actions were predominant for vigour score, plant height and LSW. 

Deadheart percentage, which is used as parameter or indicator for shoot fly 

susceptibility. is co~itrolled by additive gene action. This is in confinnation of the 

results obtained by Rao cr (11. (1974), Balakotaiah et ul. (1975). Rana t t  ul. (1975 



9 X 

and IYXI), Sharcna rt al. (1977), Borikar and Chopde (IYXI). Biradar and Borikar 

(1985). Nimbalkar and Bapat (19871, and Singh and Ver~na ( I Y X X )  who found that 

resistance to shoot fly is inherited quantitatively md is predo~ninantly controlled by 

additive gene action. 

Non-preference or preference to oviposition in ternis of egg laying, 

trichomes and glossiness are controlled by additive gene action. This appears to 

contradict previous studies. Shartna rt (11. (1977), Gibson and Maiti (1983) and 

Ttlrumoto (1980) studied the nature of gene action of non-preference and found that 

presence or absence of trichomes and glossiness were governed by single recessive 

genes. However, this study otte~npted to quantify these traits and found Inore 

complex inheritance. 

In this study, seedling height was found to be controlled by non-additive 

gene effects, while Sharma @I (11. (1977) indicated that additive x additive gene 

action was predominant. It is known that plant height in sorghum is controlld by 

four major genes, but with many modifying genes also involved. 

Previous studies at ICRISAT (1988) showed that LSW was much higher in 

a susceptible sorghum genotype than in a resistant one but this is the first attempt 

to investigate the inheritance of leaf surface wetness (LSW), and it was noted that 

non-additive gene effects were predominant. 
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The differences in identification of the nature of gene action for the different 

characters as suggested by Patel et (11. (19x4) are due to the gene frequencies and 

degree of do~ninance present in the material used as they influence the magnitude 

of the colnponents of genotypic variance. 

5.4 COMBINM(; ABILITY EFFECTS 

The estimates of gca effects of parents (Table X) revealed that among testers 

(females) ICSA 11 was the best general combiner in rabi on the basis of deadheart 

percentage as indicator (Table 17), while ICSA 70 was a poor combiner in both 

seasoris for shoot fly resistance. IS 2123 and IS 5566 were also poor combiners 

among lines in kharif and rabi respectively. 

Consideri~ig egg laying only the line IS 5x01 was the best colnbi~ier in 

kharif (Table 18). 

The estimates of gca effects of parents revealed that ICSA 49, ICSA 18, 

and IS 5480 were the best general combi~~ers for seedling vigour during rabi. 

Atnong hybrids, ICSA 73 x IS 22145 in rabi showed superior sca effect. 

Regarding general combining ability for glossiness, IS 18533 and ICSA 32 

in kharif, ICSA 11, 18, 38, 77 and IS 22114 in rabi, were the best general 

combiners. The cross co~nbinations ICSA 38 x IS 221 14 and ICSA 11 x IS 2205 

in rabi showed superior sca effects (Table 19). 



Table 17. Testera nhowing lupmrior combining ability. 

Charactare marif Rabi ........................... ----*------------------------- 

1 a 3 1 a 3 

Vigour score ICSA 31 I c S A  49 I C S A  18 I C S A  49 I C S A  18 I C S A  84 
-0.83 -0.78 -0.63 -0.79" -0.63* -0.38' 

Glossy score I C S A  32 I C S A  38 I C S A  11 I C S A  77 I C S A  38 I C S A  18 
-o.go* -0.7) -0.65 -i.sa** -o.60** -0.48 

Upper rurfsca I C S A  77 I C S A  84 I C S A  11 I C S A  84 I C S A  11 I C S A  77 
trichomes 30.93" 19.40" 17.70' 30.00** 27.92" 17.73 

Lower aurface 
trich0m08 

Plant height 

I C S A  77 
2.30 '. 

I C S A  18 
3.60. 

I C S A  18 
2.10 

I C S A  95 
a.04 

I C S A  70 
0.a7 

I C S A  31 
1.38 

I C S A  38 
a.92 

I C S A  18 
a . 3 ~  

I C S A  77 
1.48 

I C S A  31 
2.15' 

I C S A  11 
1.13 

I C S A  49 
2.15. 

% Deadheart I C S A  49 ICSA 38 I C 8 A  101 I C S A  11 I C S A  38 I C S A  32 
-a.n -a.o8 -2.01 -9,75* -6.06 -4.61 

~ n a f  surface I C S A  73 I C S A  70 I C S A  11 
wetness -0.75 -0.35 -0.15 

*,** Significant at probability 0.05 and 0.01 respectively. 



~ablm 18. Lines ahowing suparior general combiaing ability. 

Charactors marif Rabi -----.*---------------..---- ----------.----------------- 
1 a 3 1 2 3 

Upper surface IS 18533 IS 11114 IS 22145 IS 18133 IS 923 IS 1082 
trichomos 11.20 8.81 7.27 7.67 6.56 3.75 

Lower surface IS 18533 IS 22145 IS 2123 IS 1082 IS 22145 IS 18533 
trichomas 2.85 1.63 0.17 2.42 1.48 1.21 

Plant height IS a2145 IS 18533 IS 1105 IS 5480 IS 5801 IS 2205 
a.46 1.85 1.51 2.15 2.15 2.06 

Yield acore IS 18533 IS 23114 IS 18366 IS 2105 IS 1123 IS 18366 
-1.23. -0.58* -o.as -0.60 -o.so* -0.46 

% Deadheart 

Leaf surface IS 18366 IS l08a IS 2123 
watneas -0.89 -0.44 -0.34 

*,** Significant at probability 0.05 and 0.01 respoctivbly. 
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Upper surface wichomnes, the testers ICSA 77, ICSA X4 and ICSA I I were 

the highest combiners in both seasons. lCSA l l x IS 5622 and lCSA 49 x IS 18533 

revealed significant positive (desirable) sca effects in rabi. 

For lower surface tricho~nes, only one cross combi~iation ICSA 3X x IS 1082 

during rabi season showed significant positive (desirable) sca effect. 

Regarding the character plant height, ICSA 1X was the best generil 

combiner among testers, in both seasons. Among hybrids, ICSA 70 x IS 10x2 and 

ICSA 73 x IS 22145 were the superior co~nbinutions in rabi senson, since taller, 

faster seedling growth is one of the resistance characteristics (Mate et (11.. 1979). 

In respect of yield score, the pirents IS 18533. IS 221 14, lCSA 32 and 

ICSA 77 during kharif; i~nd IS 2123, ICSA l I, 18, 32 and 84 during rabi were the 

best general combiners. 

The best line during kharif, IS 221 14, occupied seco~ld rank for combining 

ability for glossiness, upper surface trichomes and yield score (Table 17). IS 18533 

occupied f i s t  rank for the same characters but its combining ability for deadheart 

percentage was less than that of IS 221 14 and also its mean performance (Table 6b) 

was less favourable for traits associated with shoot fly resistance (less glossiness, 

less tricho~nes and more dendheart percentap). This indicates that the characters 

under study contributed to shoot fly resistance but were not the only contributers. 
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During rabi, IS 18366 was the best overall combiner. occupying first rink 

in LSW trait and third rank for egg laying and yield score. This observatio~l 

perhaps indicates the importance of LSW in shoot fly susceptibility. 

The estimates of specific combining ability (scii) effects presented in (Table 

X) show that few hybrids only in rabi exhibited significant desirable sca effects. 

The fact that significant sca was recorded only in rabi suggests that 

expression of such characters was better in rabi when shoot fly infestation was 

lower and the number of eggs per plant for parents and hybrids were less (0.56 and 

0.91) respectively This led to the better discritnination between the resistant lines 

and the susceptible ones, while in kharif due to higher infestution (0.00 alld 1.10 

eggs per plant for parelits and hybrids respectively) even resistant lines suffered 

deadhearts in excess of 50%. 

The hybrids ICSA 3X x IS 22114 and ICSA 1X x IS 2205 in kharif and 

ICSA 88001 x IS 54x0 in rabi recorded highest desirable soa effects for egg laying, 

whereas hybrids ICSA 73 x IS 22145 in kharif and ICSA 1X x IS 54x0 in rabi 

recorded highest desirable sca effects for deadheart percentage (Table 19). 

5.5 VARIABILITY 

Desirable genetic variability and selection efficiency are the important 

prerequisites for a successful breeding programme. Analysis of variability in F, 

hybrids for shoot fly resistance helps to predict the additional gains that can be 



made. 

The analysis of variance in this study revealed large amounts of variability 

in the material for most of traits under study. The largests genotypic coefficients 

of variation (gcv) were exhibited by tricho~nes (both on upper and lower surfaces), 

while eggs per plant and deadheart percentage displayed relatively lower gcv. Other 

traits were inter~iiediate in gcv values. 

Phenotypic variances and phenotypic coefficients of variation (pcv) were 

found to be higher than the correspo~~diog genotypic variance and gcv for all 

characters. 

Heritability estin~ates give a measure of tra~is~nission of characters from one 

generation to the next generation. Heritability estimates together with gcv would 

give a better picture of the extent of genetic advance to be expected by selectio~i 

(Burton, 1952). Heritability estimates reported in this study were broad sense 

estimates and hence the total genetic variance may include epistatic components 

rather than dominance which are not amenable for fixation through simple selection 

based on phenotypic perfonnance (Johanson ct ul., 1Y55), and therefore, dd not 

necessarily indicate a greater genetic gain (Sivasubramanian and Madhavamnenon, 

1973). 
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The heritabilities estimated in this investigation varied from season to season 

according to the level of shoot fly infestation. Shartna rt 111. (1977) revealed that 

the genetics of deadhean percentage and eggs per plant is influenced by the level 

of shoot fly population. Heritability varied from character to character. This may 

be due to the initial frequencies of resistance genes in parental ~iiaterial (Rana et a/.,  

1981). Heritability also depends upon the type of breeding material: whether they 

are parents, F, or F, generations. 

Heritability values were high for glossiness and tricho~ne density traits only 

in the case of parents; they were in agreenient with the estimates of Vijayaliiksh~ni 

(1993). Intermediate heritability estitaates were recorded for vigour svore, plant 

height, yield score, eggs per plant, deadheart percentage and LSW for parents in 

rabi and vigour score, glossiness and yield score for hybrids also in rabi. 

Intermediate heritability for deadheart percentage was in coofortnity with the 

estimation of Shar~na et al. (1077). 

In respect of LSW, intermediate and low heritablity estimates were recorded 

for parents and hybrids respectively. The lowest estimation for LSW revealed that 

more environ~nental effects influenced this trait. 

Higher heritability estimates were observed for parents than for hybrids 

because the hybrids derive from co~nbinations between two parents and have 

different alleles of the genes controlling such characters. 
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Johanson et al. (1955) reported that heritability in association with genetic 

advance (GA) is more reliable in predicting the progress by selection than 

heritability alone because heritability estimates are subjected to genotype and 

environmetital interactions. Glossiness and tricho~nes on both surfaces of the leaf 

exhibited highest genetic adva~ice (% over mean) and least GA for deadheart 

percentage and eggs per plant. These estimates were in confor~nity with 

Vijayalakshmi's (1993) results. 

During rabi, GAS for shoot fly paralneters (egg laying and deadheart 

percentage) were more. This revealed the environ~nental influences on such 

characters and co~ifir~ned that selection should be carried out under moderate 

infestation (mbi) and not under high infestation. Borikar ct (11. (10X2) reported that 

estimates of GCV, heritability and genetic advance were better when shoot fly 

infestation was optimized. Rana cr (11. (1975) suggested selection should be done 

under conditions when mortalities ranged between 6.7-67 percent, whereas Borikar 

~ ' t  01. (1982) suggested 24-70 percent. 

5.7 CORRE1,ATION AND PATH ANALYSIS 

5.7.1 Characters Associated with Shoot Fly Deadheart 

The associations between different characters under study and deadheart 

percentage caused by shoot fly are important to give an idea about the contribution 

of each one and the correlations among them. 
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Dendheart percentage. which is the direct damage by shoot fly, is taken as 

a parameter of susceptibility and it is a good i~ldicator for preference tnechanism. 

The results obtained from this study revealed that deadhean percentage in 

hybrids was positively and significantly associated with glossy score, yield score 

and eggs per plant while it was negatively and significant correlated with lower 

surface trichomes and plant height in rabi. 

In the case of the parents, highly significant correlations were observed in 

rabi between deadheart percentage and all the other characters. Deadheart 

percentage was positively associated with vigour score, glossy score, eggs per plant, 

leaf surface wetness and yield score and ~iegutively associated with tricho~nes and 

plant height. 

Studies by Jain and Bhatnagar (1Yh2), Shar~na ct (11. (1977). Agrawal and 

House (1YX2), Agrawal and Abraham (1985). Patel and Sukhane (1990) and 

Vijayalaksh~ni (1993) showed significant positive correlation between deadheart 

percentage and egg laying indicating that deadheart formation depends on 

oviposition preference ~nechanisin 

5.7.2 Leaf Characters vs Shoot Fly Parameters 

Leaf characters (glossiness, trichomes, LSW) .are the most i~nportant traits 

which influence shoot fly resistance. Glossy leaf influences the host preference 

leading to less egg laying and lower deadheart percentage. In this study the effect 
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of glossiness (low glossy score) was apparent in mbi, when it was negatively and 

significalitly correlated with egg laying (r = -0.39) and deadheart pen.entilge (r = - 

0.52). In kharif the opposite was noticed (significant positive correlation with egg 

laying). The expla~iation of thin adverse relationship may be due to the followi~ig 

two reasons. First due to environmental factors: in kharif the nuniber of cloudy 

days at tiine of shoot fly incidence was greater and on such days flies are not able 

to discrilninate between glossy and non-glossy. The second reason is the high 

pressure of shoot fly in kharif: under such conditions adults have no preference for 

oviposition and eggs were laid everywhere. 

In spite of glossi~~ess being positively correlated with egg laying in kharif 

(equal numbers of eggs per plant were found on glossy lines and on non-glossy), 

no correlation was observed between glossiness and deadheart percentage. This !nay 

be due to higher shoot fly population in kharif season, since the competition 

between flies for laying was more, and in this case they had no choice. 

High trichome density, particularly on the lower surface of the leaf, leads 

to less preference for oviposition by shoot fly. In this study trichomes also strongly 

and negatively correlated with deadheart percentage in the case of parents, whereas 

for hybrids trichomes on both surfaces were significantly correlated with deadheart 

percentage (r= -0.33) only in rabi. Such relations indicated that the effect of 

trichotnes was exhibited under low to moderate pressure of shoot fly and 

disappeared under high pressure. 



5.7.3 The Association of LSW with Other Traits 

Previous studies at ICRISAT (19x8) showed that LSW was lnuch higher in 

a susceptible sorghum genotype than in a resistant one and larvae moved fuster 

towards the growing point and produced deadhearts much earlier. It was also 

shown that the leaf surface wetness of the centrul shoot leaf is a Inore reliable 

parameter of resistance than glossy leaf trait or tricho~ne density. 

In this study, strong and significant positive correlations between LSW and 

shoot fly parameters (egg laying and deadheart percentage) were noticed only in the 

case of parents, (I = 0.87 and 0.90) respectively. All resisti~nt lines (except IS 

I8533 and IS 5x01) had values of LSW c2.5 and <3h% deadhearts. In the case of 

parents also LSW was strongly and positively correlated with vigour sore ,  glossy 

score and yield score, whereas it was negatively correlated with tricho~ne density 

and plant height. It was observed that certain leaf characters (glossiness, high 

tricho~ne density and low LSW score) were associated together in resistant lines. 

Correlations among different characters were apparent in the case of parents 

because most of them governed by additive gene actions, whereas in the case of 

hybrids due to the recombination of genes and the contribution of the adverse 

alleles (which act in the negative direction), so their effect did not exhibit. 

When correlations between leaf chwicters and deadheart percentage were 

partitioned into direct and indirect effects through path coefficient analysis, it was 
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noticed that although lower surface tricholnes and LSW were asswiatal with 

deadheart percentage they did not contribute directly to it but they contributed 

through eggs per plant and glossiness. 

Egg& per plant and glossiness contribute directly to deadheart percentage, 

i~ldicilti~lg that the relationships between egg laying and glossi~less on the one hand. 

and shoot fly resistance on the other hand are true, and they are Inore reliable 

parameters than other characters. 

Correlation coefficients between leaf chuacters and deadheart percentage 

obtained in this study were confir~ned earlier studies by several workers (Blum, 

1968: Maiti and Bidinger, 1979; Maiti ct ul., 1980: Agruwal and House, 1982; 

Agrawal and Abraham, 19x5; O~nori ct al., 19x8; Nwanze a6 ul., IYOO und 

Vijayalakshmi, 1903). 

5.7.3 Seedling Traits Vs Shoot Fly Resistance 

Seedlirlg vigour and seedling height give an idea about the growth rate 

during the early and critical stage of the plant for shoot fly incidence. They are 

also important selection criteria. In this study, vigour score was ~legatively and 

sig~lificintly correlated with eggs per plant in kharif (r=-0.41); that means there 

were Inore eggs on hybrids (1.10) which had lower vigour score (4.27) (more 

vigorous) compared with resistant and susceptible checks which were less vigorous 

(4.33, 5.33) and had fewer eggs (0.57, 0.73 respectively). The explanation of this 
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relationship is probably because shoot fly adults select Inore vigorous and healthy 

host plants for oviposition. These plants perhaps emitted higher dose of chelnicals 

(attractants) which attract the shoot fly. The observation in rabi was different, when 

the correlation between vigour score and egg laying was positive (although not 

significant) and in conformity with the result obtained by Taneja and Leuschner 

(19x5) who reasoned that rapid growth of seedling !nay retard the first-instar larvae 

from reaching the growing point. 

Plant height was significantly negatively associated with eggs per plant and 

deadheart percentage in rabi, (r= -0.33 and -0.34 respectively). This result was as 

the case with Singh and Jotwalli (1')XOa). 

When correlations of vigour score and plant height with deadheart 

percentage were partitioned into direct and indirect effects, it was found that both 

traits klid not contribute directly to deadheart percentage but contributed through 

eggs per plant and glossy traits. 

5.7.4 Yield Score Vs Shoot Fly Resistance 

There is no doubt that susceptibility to insects affects the ultimate yield and 

quality of crop plants. 

In rabi, strong and significant negative correlations between yield score and 

egg laying and dedheart percentage (r=0.45 and 0.56 respectively) were shown. 

That means genotypes with less eggs and low deadheart pexentage were low in 
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yield score and are expected to give Inore yield. When this correlation was 

partitioned into direct and indirect effects, it was noticed that yield score contributed 

directly to deadheart percentage and also through egg laying and vigour score. 



SUMMARY 



CHAPTER V I  

SUMMARY 

The present investigation was undertaken at ICRISAT in the year 1992-93 

to elicit information on the inheritance of different characters associated with shoot 

fly resistance and to estimate the degree of dominance for such characters. 

A line x tester (partial diallel) experilnent using 12 resisrant lines and 12 

male-sterile lines (testers) in three sets of 4 x 4 combinations was taken up for this 

investigation. 

The resulting 4X hybrids and 24 parents along with six standard checks were 

planted in kharif 1992 and rabi 1Y')Z-93 at ICRISAT, Patancheru, Andhra Pradesh, 

India. Observations were recorded on seedling vigour, glossiness, tricho~ne density 

on both sides of the leaf, seedling height, yield score, eggs per plant and deadheart 

percentage and leaf surface wetness (LSW). 

On the basis of overall performance for different characters hybrids (mean 

value) were better than their parents (resistant and susceptible) only for seedling 

vigour and in both seasons and plant height in rabi; their vigour scores were lower 

than their parents and they were taller than them in rabi. For yield score and leaf 

characters (glossiness, tricho~nes and LSW) hybrids were in between the resistant 

and susceptible checks, and they wen  on par with the susceptible checks for shoot 



fly parameters (egg laying and deadhem percentage). 

From the analysis of varia~ice it can be co~icluded that resistant lilies possess 

high genetic diversity for all characters except eggs per plant. This genetic 

diversity can be utilized to develop shoot tly resistilnt hybrids. 

From the results of gca and sca effects of parents and hybrids rc\pectively 

(Table X and 9). only the tester ICSA I I in rabi was the best general combiner for 

shoot fly resistance. The tester ICSA 70 in both seasons was a poor combiner. 

Although the resistant lines IS 2123 and IS 5566 were poor combiners they 

contributed to resistance through other traits (i.e. recovery resistance), so all lines 

can be exploited to improve the population in population breeding. None of the 

hybrids showed significant sca effects for egg laying and deadheart percellrage. The 

hybrids ICSA 3X x IS 22114, ICSA 1X x IS 2205 (in kharin ilnd ICSA XXOOl x IS 

5480 (in rabi) recorded high desirable sca effects for egg laying, whereas the 

hybrids ICSA 73 x IS 22145 and ICSA 1X x IS 5480 in kharif and rabi respectively 

recorded highest desirable sca effects for deadheart percentage. 

Based on the ratio of sca and gca variances it was noticed that both additive 

and non-additive types of gene action appear i~nportant for shoot fly resistance. 

Additive type of gene action was Inore important for vigour score, glossiness, upper 

surface trichomnw, yield score, eggs per plant and deadheart percentage. On the 

contrary, non-additive type of gene action was found to be important for plant 

height and leaf surface wetness (LSW). 
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Correlation and heritability studies indicated that further emphasis should be 

placed on increasing glossiness and h.icho~ne density in selection to increase shoot 

fly resistance in breeding programmes. 

Leaf surface wetness was iritennediate and low heritable chilrilcter for 

parents and hybrids respectively and although it was correlated with shoot fly 

susceptibility it did not contribute directly to deadheart percentage but co~lttibuted 

through other traits, i.e., eggs per plant and glossy score. 

Conelati011 studies revealed that LSW character was closely associated with 

glossiness and the effects of the two characters on shoot fly resistance and 

oviposition ~non-preference cannot be separated. Therefore glossiness among all 

traits would be the most appropriate marker to be used in identification and 

selection for shoot fly resistance since it is easily identifiable. 

Colrelation coefficients, heritability and genetic gain towards resistil~ice were 

Inore apparent and higher for parents and in rabi, so selection should be carried out 

in rabi when shoot fly infestation was lower (mortality in susceptible check 64%). 

Conversion of resistant lines (agronotnically unusable) to male-sterile lines 

through the conventional backcrossing method will allow to test the co~abhing 

abilities of tniany high yielding varieties for shoot fly resistance. 

A breeding strategy was proposed from this investigation whereby good 

colnbinering male-sterile lines (such as ICSA I I) would be ~niated with good 
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combinering resistant lines (all lines under this study except IS 2123 and IS 5566 

could be used). A large F, population would be screened under low and moderate 

shoot fly infestation and selected for agronomic characteristics, glossiness. tricho~ne 

presence and other desired traits. Populations could be i~nproved by using Inass 

selection in which inferior lines with Inore deadhearts would be eliminated. Once 

the population had been i~nproved for characters associated with shoot fly resistance 

it could be subjected to random mating with different resistant lines (here lines IS 

2123 and IS 5566 could be added), and new cycles of recurrent selection started. 
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