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Abstract

The investigations were undertaken to study the genetics of shoot fly resistance in mrghum hybruh
of cytoplasmic male sterile lines with special emphas
with shoot fly resistance in different seasons and to estimate the average degree of dominance for such
characters besides information on the heterosis and nature of combining ability.

A line x tester experiments using a total of 12 cytoplasmic male sterile lines and 12 diverse restorers
in nine sets (each set containing 4 x 4 combinations) were undertaken for this investigation. The resulting
144 hybrids and 24 parents along with eight standard checks were evaluated at the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh, India in the rainy
and postrainy (1995-96) seasons under natural and artificial environments with varying levels
infestation. Observations were recorded on early seedling vigour, glossiness, egg count, deadheart %, 5"
length, 5* leaf width, 5" leaf droopiness, trichome density, uniformity in recovery, total tillers, productive
tillers, yield-UNI, yield-1, plant height and days to 50% flowering.

On the basis of overall performance for different characters, the resistant parental lines and hybrids
involving them were superior compared to the susceptible parental lines and their corresponding hybrids.
The susceptible parental lines had significantly more egg laying and higher percentage of deadhearts
compared to resistant parental lines indicating the breeding method employed to develop the resistant
parental lines was effective. The genotypes with primary resistance were found to be highly vigorous, more
glossy with maximum 5" leaf length, 5* leaf width, 5* leaf droopiness and high trichome density during rainy
season compared to postrainy season. Resistant parental lines and hybrids showed maximum uniformity
in recovery compared to susceptible parental lines and corresponding hybrids indicating that the tillers of
resmant culllvarc are less preferred by the shoot fly for egg laying and hence recovered fast compared to

i As expected, the susceptible parental lines recorded higher grain yield plant”
cumpared to resistant parental lines indicating the need to improve the yield potential of the resistant
parental lines through further breeding.




Correlation studies revealed that the scedling characters, leaf parameters, leaf characters, recovery
traits, grain yicld and adaptation characters were correlated with shoot fly resistance parameters (cgg count
and deadheart %) but their interrclationships and the itude of iation in the parents and hybrids
varied in rainy and postrainy seasons,

lnherltnnce and gene action studies based on hybrid group means in relation to parental line group
means indicated domi /i liate/ domi for ptibility (as d by egg count and
deadheart %) in various hybrid and parent groups. Dominant gene action was obscrved for low seedling
vigour and non-glossiness in low temperature conditions. Season specificity for trichome density was
reflected in the hybrid groups depending upon the type of parcnts involved and low density (associated with
susceptibility) appeared to be additive. In the hybrids of PRBR cms (postrainy season-bred resistant female
lines) group the trichome expression during rainy scason was lower than post-rainy scason. On the other
hand, it was reverse in the hybrids of RBR cms (rainy scason-bred resistant cms lines) which supported low
density in the postrainy scason, and high density in the rainy scason. Same was observed in the parents per
se also. Considering gene action for leaf parameters it was clear that short leaf dominates over the long leaf.
Similar results were also recorded for leaf width and leaf droopiness. In respect to uniformity in recovery
among the hybrid groups, the hybrid groups involving rainy scason-bred females recovered well in rainy
season and postrainy scason-bred female hybrid groups recovered well in postrainy scason demonstrating
again the effectivencss of scason-specific breeding that had been used in developing these resistant female
groups or this might have also be duc to existence of the dlfl’ercnt lnolypu with time or due to both. This
however, needs to be further confi J, ially in

A critical ion of hybrid combinations with high per se performance for low deadheart % with
high heterosis over better parent and combining ability revealed the following superior hybrids having high
grain yicld in postrainy season: SPSFR 94001A x ICSV 88088 with grain yield of 77.50 (UNI) and 99.25 (I)
g plant’, SPSFR 94002A x ICSV 712 with grain yield 46.03 (UNI) and 55.97 (I) g plant", SPSFR 940024
x ICSV 88088 with grain yield 55.25 (UNI) and 67.33 (I) g plant”, SPSFR 94002A x ICSV 89015 with 57.39
(UND and 64.97 (T) g plant’, SPSFR 94003A x ICSV 88088 with 63.75 (UNI) and 54.42 (I) g plant*, SPSFR
94003A x ICSV 89030 with 56.26 (UNI) and 67.98 (I) g plant", SPSFR 94001A x ICSV 89030 with 72.88
(UNT) and 55.18 (I) g plant belonging to RBR cms x RBR group, SPSFR 94001A x ICSR 93009 with grain
yield 62.33 (UNI) and 56.00 (T) g plant" belonging to RBR cms x PRLR group, SPSFPR 94002A x ICSV 712
with 43,33 (UNI) and 73.67 (T) g plant” belonging to PRBR cms x RBR group and SPSFPR 94002A x ICSR
93010 with 47.88 (UNI) and 56.72 (I) g plant” belonging to PRBR cms x PRLR group compared to check
M 35-1 that recorded 41.89 and 53.39 g plant’ in UNI and I samples respectively. Further the hybrids
SPSFR 94001A x ICSV 88088 and SPSFR 94001A x ICSR 93009 were sclected during both rainy and
I iny seasons indicating their p iality during both the seasons and may be recommended for wide

Iti after further 'y trials,
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CHAPTER 1

INTRODUCTION

Sorghum [Sorghum bicolor (1..) Moench] is one of the most important cereal crop in the semi-arid
tropics (SAT). India is a major producer of sorghum internationally with some 13 M ha producing in excess
of 12 M tannually (FAQ,1994). Generally grain yields in farmer's fields are low, ranging from 500-800 kg
ha! due to biotic and abiotic stresses. Most production (about 70%) occurs in the rainy (kharif) season, but

substantial potential exists for the enhancement of postrainy (rabi) season production.

Worldwide, insect pests are the major biotic stress faced by the sorghum producers. There are over

150 insect species which damage sorghum plants from sowing to crop harvest (Neshu Reddy and Davies,

1979). Of these, the hum shoot fly, Atheri| soccata Rondani is one of the major pests that des

lize
the performance of sorghum cultivars and ultimately reduce sorghum production in many parts of the world
(Seshu Reddy and Davies, 1978). In India, sorghum crop losses are estimated at about US $ 30 million per
annum directly attributed to shoot fly. The real losses are considerably higher because the management
practice for avoidance of shoot fly in postrainy season dictates delayed planting, which leads to depletion of
soil water content and consequently low yields. Conventional methods for the control of shoot fly are not
practical or cost effective for subsistence farmers. Resistant cultivars are a realistic alternative to chemical

control, if they are able to compete economically with the commonly used hybrids and varieties and can bring

stability of production under low-input conditi During the past two decades sorghum production has
considerably increased, especially in rainy season, by exploiting hybrid vigour through the use of cytoplasmic

male sterility. However, high yielding hybrids are highly

ptible to shoot fly infestation which often

results in severe damage (Rao and Rao, 1956; Jotwani and Srivastava, 1970).

Blum (1967) and Jotwani et al. (1971) suggested that resistance to shoot fly in sorghum was due to
ovipositional non-preference. But the efficacy of this mechanism was reduced under heavy shoot fly

population pressure (Singh and Jotwani, 1980a). Silica deposition and abundance of sclerenchymatous cells



in the leaf sheath (Ponnaiya, 1951D), trichomes on the abaxial surface (Muiti and Bidinger, 1979) and glossy

leaves - pale green, smooth and shining leaves (Agarwal and House, 1982) -are reported to be the factors

responsible for primary mechanisms of shoot fly resistance. Singh and Jotwani (1980b) and Raina et al.

(1981) presented direct evidence of antibiosis in some selected cultivars and Doggett et al. (1970) identificd

recovery resistance/tolerance which is also promising. Limited information is 2

lable on the genetic
mechanism and nature of gene action for shoot fly resistance, where separate sets of parents are used to
develop hybrids. Hence, an understanding of the genetics of resistance in relation to varying levels of shoot

fly infestation through the study of combining ability for shoot fly resistance and an assessment of the utility

of different parental lines are of paramount importance.

Several factors associated with re:

nce are generally found in the rainy season-adapted landraces
that have been selected over a period of time for shoot fly resistance, but in general, landraces are not high
yielding, These landraces are tall, susceptible to lodging, photosensitive, late maturing and low yielding,
These have been utilized in breeding programs in an attempt to transfer resistance to new high-yielding

1 f

cytor ic male-sterile lines (I ter referred to as cms lines) and restorer lines. On the other hand, the

postrainy season-adapted lines have been known to possess desirable attributes for grain quality besides the

photoperiod sensitivity and these are known to inherit into F, hybrids either as complete or partially

dominant traits. Postrainy season-adapted kindraces are lly moderately resistant to shoot fly. Results

in preliminary studies also showed that the resistant factors interact with the seasons (ICRISAT, 1992). It
has been established that there is considerable heterosis for grain yield even under postrainy season
conditions (ICRISAT, 1993). In order to exploit heterosis for grain yield, it is therefore important that one

should aim at F, hybrids as target materials. However, it is known that shoot fly resistance, measured as

deadheart (%), behaved as a recessive trait in F, (meaning-the F,s of landraces crossed on susceptible male-
sterile lines are susceptible). Therefore, the present study was an effort to understand genetics of resistance
in relation to varying levels of shoot fly infestation in hybrids of cytoplasmic male sterile (cms) lines. More

specifically, it has the following objectives:



5.

To assess the levels of resistance (% deadhearts) and other factors of resistance (seedling vigour,
glossiness and leaf parameters-length, width, curvature, drooping depth and trichomes) in ditferent
seasons.

To assess the effects of seasons on the inter-relationship of various factors of resistance in different
types of Fs,

To assess the general combining ability (GCA) of resistance (% deadhearts) and various factors of
resistance,

Taidentify the cms lines and restorer fines with high GCA effects for resistance (% deadhearts) and
various factors of resistance.

To select highly heterotic hybrids for grain yield with shoot Ny resistance.



Leternateze




CHAPTER I

REVIEW OF LITERATURE

The development and release of new sorghum hybrids and varieties marked a genetic break through
in the otherwise stagnant yield levels in India. Within a short period, it was realized that one of the important
constraints in popularizing these hybrids was their high susceptibility to shoot fly. In view of the seriousness
of the shoot fly problem in sorghum and owing to the limitations (like high costs and toxicity hazards) to use
of chemical control, it is necessary to develop new varieties or hybrids which possess resistance to this pest.
Extensive reviews of various aspects of sorghum host-plant resistance to shoot fly and the progress made in
various areas namely, screening techniques (natural and artificial methods), mechanisms and stability of

resistance, bio-physical and biochemical factors of resistance, larval establishment in the plant whorl and

factors associated with resis

nce (volatiles, seedling vigour, glossiness, leaf surface wetness, etc.) are well
documented (Ponnaiya, 19514 and 1951b; Blum, 1967 and 1972; Doggett, 1972; Sharma et al., 1977; Singh

et al., 1978; Sukhani and Jotwani, 1979; Jotwani and Davies, 1980; Maiti ez al., 1980; I

ina et al., 1981;
Agarwal and House, 1982; Khurana and Verma, 19825 Raina, 1985; Nwanze et al., 1990). Several resistant
varieties have been identified and sources of resistance were utilized in the breeding programs to transter

resistance into high yielding background (Singh, 1986).

2.1 MECHANISMS OF RESISTANCE

The major mechanisms of shoot fly resistance so far known are ovipositional non-preference
(Oviposition antixenosis), antibiosis (Painter,1951) and recovery resistance (Doggett et al., 1970). Rana et al.
(1981) attributed resistance to a cumulative effect of non-preference, due to some morphological factors and

antibiosis.



2.1.1 Non-preference for Oviposition

‘This refers to the situation in which the plant possesses factors that render it unattractive to insect
pests for their ovipasition, feeding and shelter. Non-preference by insects is often projected as a property of
the plant. Ovipositional non-preference by the shoot fly in resistant cultivars was first detected by Jain and
Bhatnagar (1962). They found significantly less oviposition (0.8 eggs plant’) on resistant varieties compared
to susceptible ones (2.0 eggs plant). Later Blum (1969h), Klaipongpan (1973), 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 Jotwani (1980a) and Borikar et al. (1982) indicated that the efficiency of this mechanism
is not stable and tends to break down under no choice conditions and heavy shoot fly population. On the

other hand under cage conditions, in the absence of preferred host, oviposition was equal on resi

ant and
susceptible varieties (Jotwani and Srivastava, 1970; Singh and Narayana,1978). Sometimes, ovipositional
non-preference was also operative in the absence of preferred host(s) (Jotwani ef al., 1974; Wangtong and

Palanakamjorn, 1975; Raina et al., 1984). Blum (1969b) that ovipositional

preference was

apparent in the progenies of susceptible and resistant sorghum and was most influenced by shoot fly density.

Ogwaro (1978) reported high ovipositional preference for the second leaf followed by third, first and
fourth leaves in the laboratory, while the third leaf was highly preferred to oviposition followed by second,
fourth, fifth, sixth, first and seventh leaves in the field. But in India, Davies and Seshu Reddy (1980) found
fifth and fourth leaves were preferred in this order for oviposition in the field. On the contrary, Sukhani and
Jotwani (1979) reported that oviposition on the fourth followed by the fifth leaf in CSH-1 seedling was more
likely to cause 'deadhearts', while oviposition on third, second and first leaf resulted in significant reduction
in deadhearts. There is also an inverse correlation between the distance of deposition of eggs from the base
of the leaf blade and production of deadheart in the infested seedling (Mowafi, 1967) while the number of
eggs deposited showed significant and positive correlation with deadhearts (Sharma et al., 1977). Group

difference between susceptible and resistant varieties for deadhearts p e Was blished by Rana et

al. (1975). These studies indicated that varieties preferred for oviposition showed a high degree of deadheart

percentage.



Studies on behavioural resistance showed that the initial choice of susceptible cultivars such as CSH-1
for oviposition was random although the time spent by female shoot flies on 18 2146, 18 3962 and 18 5613
(resistant cultivars) was brief (Raina ef al., 1984). In addition, adult females laid eggs on non-preferred
cultivars only after laying several eggs on alternate susceptible CSH-1 seedlings. Non-preference appears
to be a relative term since none of the known resistant cultivars were completely non-preferred for egg laying

(Sharma and Rana, 1983).

Soto (1974) and Mote ef al. (1986) studied the oviposition behaviour of shoot fly and reported that
leaves of some of the sorghum cultivars resistant to shoot Ry were pale green compared to the dark green
colour of susceptible cultivars. Raina (1982) studied the oviposition behaviour of shoot fly and reported that
colour, texture and width of the sorghum leaf were important factors in selection of the oviposition substrate

by the female fly. Narrowness and erectness of leaves reduced both deadhearts and egg lay

as shoot fy
had less area for egy laying compared to broad leaved plants (Mote et al., 1986). Bapat and Mote (1982)

reported leaf colour and hairiness (with trich $) as preference |

2.1.1.1 Morphological Characters Associated with Shoot Fly Resistance. Various authors

have J morphological characters such as scedling vigour, glossiness of leaves, presence of trichomes

on the leaves, leaf length, leaf droopiness, leaf breadth, leaf sheath hardnes

stem thickness and seedling

height are reported to resistance of sorghum to shoot fly.

2.1 111 Seedling vigour. Rapid seedling growth 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 temperature, low fertility, drought etc. which reduce seedling vigrour increased
the susceptibility to shoot fly (Taneja and Leuschner, 1985; Sukhani and Jotwani, 1979). Mate ef al. (1979)

indicated that most resistant types grew taller and had higher growth rate than susceptible ones.

Vijayal i (1993) found statistically significant correlations between seedling vigour and percentage

plants with eggs, number of eggs/100 plants and deadhearts in rainy season in respect of dwarf genotypes.

2.1.1.1.2 Glossiness. It has been found that varieties resistant to shoot fly usually have narrow upright

leaves with yellow-green glassy appearance at the seedling stage which is termed "“glossy leaf”. Glossy leaves



might possibly affect the quality of light reflected from leaves and influence the orientation of shoot Ries
towards their host plants. Glossy leaves might also influence host selection due to chemicals present in the
surface waxes and/or leaves (Jotwani et al., 1971; Maiti and Bidinger, 1979; Muiti et al., 1980; Bapat and

Mote, 1982; Omori et al., 1988; and Taneja and Leuschner, 1985).

The association of both the glossy leaf type and trichomes with shoot fly resistance in sorghum has
been supported by Maiti and Bidinger (1979). A study of four combinations, glossy leaf and trichomes, glossy
leaf only, trichomes only and neither, revealed that the mean deadheart percentages were 60.7, 70.9, 83.5 and
91.3 respectively. These results suggested that each of the two traits contributed to the resistance, that the

glossy leaf characters contributed more than did trichomes, and that the combination of the two traits was

more effective than either of the traits alone.

Expression of glossiness in seedlings is an important trait for identifying shoot fly resistance in

sorghum and it is

identifiable (Agarwal and House, 1982). Maiti and Gibson (1983) suggested that
glossy expression in surghum seedlings can be utilized as a simple and reliable selection criterion for shoot
fly resistance. Agarwal and Abraham (1985) reported that glossiness is highly correlated with shoot fly

resistance.

Jadhav et al. (1986) estimated the correlation between deadhearts and glossiness (-(.77) and found

it negative and highly significant. Vijayalakshmi (1993) also reported that glossiness was negatively
correlated in general with percentage plants with eggs, number of eggs/100 plants and deadheart percentage

in tall as well as dwarf zenotypes.

2.1.1.1.3 Trichomes. Prickle hairs on the leaf sheath were noted to be numerous on resistant varieties and
absent on susceptible ones (Blum, 1968; Langham, 1968). Maiti and Bidinger (1979) identified 32 lines from
8000 germplasm lines with trichomes on the abaxial surface of the leaf blade. These had fewer plants with
eggs, fewer plants with deadhearts and a lower ratio of plants with deadhearts to plants with eggs than 35
lines without trichomes. Maiti ef al. (1980) abserved that the presence of trichomes on the leaf surface
resulted in a lower frequency both of oviposition by shoot fly and of subsequent larval damage. The resistant

cultivars IS 2146, IS 3962 and IS 5613 had high density of trichomes on the abaxial leaf surface while



susceptible hybrid CSH-1 lacked these.

Wild species of sorghum, immune to shoot fiy had a high trichome density on the lower surface of the
leaves (Bapat and Mote, 1982). Trichomes on the leaf surface was preferred to a lesser frequency for
oviposition of shoot fly and subsequent Earval damage was less (Blum, 1968; Maiti and Bidinger 1979; Maiti
et al., 1980; and Taneja and Leuchner, 1985). The trichomes on the lower leaf surfaces might have more
effect on the behaviour of the adult flies during oviposition (since eggs are laid on lower leaf surface) than on
Tarval movement. However, the trichomes on the upper surface may interfere with karval movement and
survival since Larviae move on to the upper surface immediately after hatching and then towards the growing

point.

‘I'richomes have high correlation with oviposition non-preference (genotypic correlation coefficient (r)
=-0.75) (Agarwal and Abraham, 1985). When these correlations were partitioned into direct and indirect
effects thraugh path coefficient analysis, direct effect of trichomes was low and thus contributed to shoot fly
resistance mainly through other traits. Jadhav et al. (1986) reported similar results. Moholkar (1981), Omori
et al. (1983) and Patel and Sukhani (1990) observed positive correlation for trichome density in plants
resistant to shoot fly. Agarwal and House (1982) found that the level of resistance was greater when both the

glossy and trichome traits occurred together.

2.1.1.1.4 Leaf and Stem Characters. The leaf breadth and leaf length are different among susceptible
and resistant lines of the same age. ‘The differences in leaf width of susceptible and resistant varieties, though
not statistically significant, indicate that leaves of resistant varieties are somewhat narrower than that of the

susceptible hybrid CSH-1 (Singh and Jotwani, 1980b). Khurana (1980) reported nega

ve correlation of shoot
fly infestation with leaf breadth and leaf length whereas Sandhu et al. (1986) showed positive correlation of
leaf breadth and leaf length with deadheart percentage in different varieties. Khurana and Verma (1985)
found that plant height, tassel percentage, stem thickness, number of leaves plant”, leaf length, leaf width,
leaf thickness and leaf strength were negatively correlated with susceptibility as measured by only formation
of deadhearts. However thickness of vein did not show any correlation with insect resistance. Singh and
Jotwani (1980c) showed that the extent of hardness of leaf sheath was high only in IS 5490 compared to other

resistant and susceptible varieties to shoot fly.



Singh (1986) and Patel, and Sukhani (1990) showed that stem length, ratio of stem length to stem
width, and length of internode were significantly negatively correlated with shoot fly oviposition and
deadheart formation. Long and thin but sweet stem with longer internodes and short peduncle length can
be taken as resistant sorghum genotypes. Vijayalakshmi (1993) found correlation coefficients of shoot fly
parameters with some traits (leaf length, width, drooping depth and curvature vs shoot fly egg laying and
deadhearts) to be in reverse direction between tall and dwarf genotypes, but the direct effects estimated

through path analysis were in the same direction in both groups.

2.1.2.Tolerance/ Recovery Resistance

Early attack on the main shoot induces the production of the tillers many of which are able to escape
further attack and produce harvestable earheads, so that yield is not much reduced. This type of resistance
was referred to as tiller survival (Blum, 1969a) or recovery resistance (Doggett ef al., 1970). This type of
reaction was found in two East African varieties namely Serena and Namatare which recovered well even
when more than 90% of the main culms had been killed (Doggett and Majisu, 1965, 1966; Doggett et al.,
1970). Resistant cultivars of sorghum had a very high rate of tiller survival compared with susceptible
cultivars. Tiller survival was related to the rate of growth. The faster the tiller grew the greater were its

chance of avoiding infestation (Blum, 1972).

However, tolerance can be greatly influenced by the growth conditions of the plant and thus may not

always be predicted at various locations, particularly those with irregular patterns of rainfall. Under Indian

i

the tillers of ptible varieties are rep dly attacked and significant dilferences hetween

resistant and susceptible varieties for tiller survival are maintained,

Among 14 hybrids, Mote ef al. (1985) observed that SPH 196 and SPH 325 were least susceptible to
A. soccata at the initial stage and had high recovery resistance resulting in the highest grain yield. Tiller

P q! fo

" formation in the main shoot and subsequent survival and recovery

depend on the level of primary resistance. Varieties with high recovery resistance appear to yield more under



shoot fly infestation (Rana ef al., 1985). Recavery resistance does not appear to be an useful mechanism
particularly when shoot fly populations progressively increase as the rainy season continues (Singh ¢t al,,

1981).

2.2 BASIS OF RESISTANCE

2.2.1 Trichomes and Glossiness

Most resistant varieties have also been found to have glossy (pale green smooth and shining leaves)
expression in the seedling stage (Jotwani ef al., 1971; Maiti et al, 1980). A large proportion (84%) of the
glossy lines (accounting for less than 1% of sorghum germplasm) are of peninsular Indian origin, but sume
are from Nigeria, Sudan, Ethiopia, North Cameroon, Kenya, Uganda, South Africa and Mexico. Most of
these belong to durra group and some others to taxonomic groups such as guinea, caudatum and bicolor
(Maiti etal, 1984). The long and narrow leaves and faster seedling growth as indicated by the length of leaf
sheaths and seedling height, coupled with toughness of leaf sheaths are also reported to contribute towards

resistance to shoot fly (Singh and Jotwani, 1980b).

‘The majority of shoot fly resistant cultivars have a high density of leaf trichomes. Based on the report
that trichome-less cultivars of pear! millet accumulate more dew and stay wet longer (Burton ef al,, 1977).
Raina er al. (1981) suggested that a similar situation in sorghum would facilitate the movement of freshly
hatched larvae to the base of the central shoot. Maiti and Bidinger (1979) noticed that trichomes on the
abaxial surface of the leaf deferred egg Laying. In addition, Maiti es al. (1980) did not observe any differences
in cuticle thickness or in the degree of lignification of leaves between trichomed and trichome-less lines, The
resistant cultivars IS 2146, IS 3962 and IS 5613 had a high density of trichomes on the abaxial leaf surface
while susceptible hybrid CSH-1 was found to lack trichomes. However, under heavy infestation, the density
of trichomes appeared not to make any difference for preference or non-preference of a cultivar. Omori et
al. (1983) suggested that glossy expression in seedling sorghum can be utilized as a simple and reliable

selection criterion for shoot fly resistance.



2.2.2 Epicuticular waxes

‘The role of epicuticular wax content in impeding cuticular water loss is very complex. Not only does
the quality of the wax play a role but the chemical composition and physical structure of the surface wax
influence cuticular water loss as well (Hadley, 1981). The cutin-wax complex affects leaf wettability and
causes considerable differences from species to species in the ease with which they are wetted. Variation in
wettability achieved is often found between leaves of different ages and between the upper and lower leaf’
surfaces (Martin and Batt, 1958; Silva fernandes, 1965). Wax can physically impede the movement of an
insect across the leaf surface. The movement of the first instar larvae of the spotted stem borer, Chilo
partellus Swinhoe, may considerahly be impeded by wax on the culms of sorghum (Bernays et al., 1983) due

to accumulation of wax around their prolegs during their movement aver the plant surface,

In addition to the effect of thick surface wax on larval , there is a disori ion effect on
some resistant genotypes which has been attributed to the chemical composition of epicuticular wax
(Woodhead, 1987). The surface wax of sorghum elearly has considerable influence on larval behaviour and
the evidence suggests that differences must exist in the chemistry of waxes from different cultivars of the same

species.

2.3 INFLUENCE OF SEASONS AND STABILITY OF SHOOT FLY RESISTANCE
IN SORGHUM

2.3.1 Environmental Factors Affecting Shoot Fly Resistance

Blum, as early as 1963, observed that when freshly hatched shoot fly larvae were placed on sorghum

leaves in the laboratory, they repeatedly fell down unless the plants were moistened with a fine spray of water.

This indicated the role of moisture which is infl d by the envir 1 conditions/

Farah (1992) reported that resistance of sorghum entries to shoot fly (egg laying, deadheart formation

and recovery) was highly associated with seasonal variation. The seasonal variation in resistance to shoot fly

was related to the prevailing envi | conditions. The late p iny season had the highest maximum



temperature and this seemed to be favourable for the recovery of plants damaged by the shoot fly. Singh e
al. (1978) found that the damage in resistant varieties changed over seasons but the deadheart per cent was
never beyond 42.64 per cent. Since the varieties under test represented the best available resistant sources
from the world collection of sorghum, it can be concluded that absolute resistance to shoot fy is not available

and there is marginal gradation among resistant varieties under high infestation.

Shoot Ny infestation varies with locations and seasons but some varieties show considerably low
susceptibility (Rana ef al, 1984). Environmental conditions (temperature, relative humidity and rainfall)
tend to influence shoot fly damage. The most significant factor responsible for ey Laying appears to be the
temperature (maximum and minimum) and variation in deadheart formation also mostly influenced by

temperature and evening humidity (Taneja and Leuschner, 1985),

Raina (1981) also showed that if the time of egg hatching coincides with the presence of moisture on
the leaf, it creates a condition favourable for the movement of the larva to the hase of the leal. Shoot fly
incidence is affected by seasonal conditions and meteorological factors such a humidity and temperature

(Usman, 1968; Jotwani ef al., 1970).

2.3.2 Stability of Shoot Fly Resistance

Singh ef al. (1978) observed unidirectional varietal reaction to changing environments due to non-
significance of variety x season interaction. Rao et al. (1977) also reported relatively more stability in IS
5469, 1S 5490 and IS 1054 for shoot fly resistance. Borikar and Chopde (1982) observed high degree of

phenotypic stability and greater resist: to changing shoot fly pop ion in 18 5490 and 1S 5604. In

general, resistant parents, resistant x susceptible hybrids and susceptible parents registered <1, 1 and >1
regression co-efficient respectively. Taneja and Leuschner (1985) stated that IS 1054, 1S 1071, 18 2394, 18

5484 and IS 18368 were quite stable across locations for shoot fly resistance.

Chundurwar et al. (1992) studied the stability parameters for percentage of plants with eggs, trichome

density on abaxial surface of fourth leaf from base and deadheart percentage. Results indicated that though



the genotypes varied significantly in the different environments, genotypes like IS 2146 and IS 5566

exhibited high degree of stability for shoot fly resistance.

2.4 GENETICS OF SHOOT FLY RESISTANCE

Genetical studies of shoot fly resistance are limited in number. Non-preference for oviposition (Blum,

1967; Rana et al., 1975), seedling resistance due to silica deposition and abundance of sclerenchymatous cells

in leaf sheath (Ponnaiya, 1951b) are reported to be the primary hanisms of shaot Ry resistance. Limited

information is avail on the genetic mechanism and nature of gene action for shoot fly resistance, where

separate sets of parents are used to develop resistant varieties.

Blum (1969a) suggested that any genetic information about reaction of sorghum to shoot fly must be
interpreted according to insect population factors, As the resistance is primarily due to ovipositional non-
preference and is governed by additive genes (Rana e al., 1975), females and males with good combining

ability can be used in conventional breeding programs for incorporating shoot fly res

nce in to
agronomically good cultivars. Rana et al. (1975) also reported low genetic advance for primary resistance

in sorghum.

Kulkarni et al. (1978) stated that hybrids involving resistant or moderately resistant parents were
highly resistant. Therefore, while breeding for shoot fly resistance, dwarf female parents having some degree

of resistance should be combined with Indian tall local res

nt parents. The relatively different reaction of

poliinators to shoot fly indicated that the lines vary for resistance genes. Hence, resistance level can be

increased by ing favorable resi gtenes in a line. Borikar and Chopde (1980) studied the
genetics of shoot fly resistance under three levels of infestation and indicated that variation between and
within genotypic groups became more apparent under high shoot fly population. Borikar et al. (1982)
reported adequate variation for all 8 characters (deadheart %, eggs plant’, effective tillers %, plant recovery
%, yield plant* and yield productive plant') in both F, and F, generations. The values of genotypic
coefficients of variability (GCV) were low for yield plant® and deadheart %. The estimates of phenotypic and

genotypic coefficients of variability were generally close for most of the characters.



Sharma and Rana (1983) examined shoot fly resistance in relation to egy laying and deadheart
formation in Fs of resistant x high yielding (susceptible) crosses. They indicated that there is segregation
for egrg laying and deadheart formation in F, and some plants may survive in spite of egy laying on them.
Borikar et al. (1982) assessed genetic variability for shoot fly resistance under three levels of shoot fly
infestation in F, and F, generations of inter-varietal crosses of sorghum. The seedling mortality and
oviposition increased with increase in shoot fly population. The estimation of genotypic coefficients of

variability, heritability and penetic advance were higher for both the t

when material was tested under
optimum shoot fly population. Paul ef al. (1984) registered significant variability among F s of 7 crosses of
sorghum out of 52 selections even when the incidence of shoot fly was high on the 28™ day. Heritability
estimates increased with an increase in infestation. When infestation was high, heritability for shoot 1y
resistance was about 24% and the variability got reduced, but it was possible to recover resistant Fs equal
ta mid-parental value. General and specific combining ability (GCA and SCA) effects were estimated by

Patel ef al. (1984) in 28 F s from an 8 x 8 diallel. SCA effects in the desired direction were shown by 19

with the best ¢ inations being 296 B x M 51 and M 35 x M 51 in normal and late sowing

respectively.

2.5 INHERITANCE OF SHOOT FLY RESISTANCE

Studies on the inheritance of shoot fly resistance have generally concentrated on either the resistance

as & whole or on a particular trait.

2.5.1 Deadhearts (%)

Veda Moorthy (1967), Langham (1968), KLaipongpan (1973) and Borikar and Chopde (1980) studied

the inheritance of resistance in crossings of resistant parents with susceptible ones. The hybrids were

ptible under high infe

or nearly domil of susceptibility. But
these relationships were reversed under low shoot fly infestation. In this case, resistance exhibited partial
dominance. Agarwal and House (1982) reported that resistance was found to be polygenic in nature and

governed by genes with predominantly additive effects. Maiti and Gibson (1983) concluded from their study



of the F, and F, generations segregating from a cross of trichomed and trichome-less lines, that there were

at least two additional loci invelved in resistance that interact with each other.
Studies of Balakotaiah et al. (1975) conducted on « large F, population revealed that the frequency

distribution of different mortality classes closely fits the normal curve and that the inheritance of shoot fly

resistance is predominantly additive.

2.5.2 Non-Preference Mechanism

‘The genetics of ovipositional non-preference and deadheart form

E

as components of shoot fly
resistance in sorghum were investigated by Sharma ef al. (1977) through examination of the pattern of
segregation of resistant genes in F, generations of susceptible and resistant crosses. They concluded that one

single recessive gene (npo) governed the non-preference to oviposition while two duplicate re

C genes,
dhldhl dh2dh2, governed the resistance to deadheart formation. Rana ef al. (1981) observed ovipositional
non-preference mechanism under the influence of partially dominant genes under low to moderate shoot fly
pressure, and the reverse under heavy infestation. Borikar and Chopde (1982) observed both additive and
non-additive gene action to be important under low pressure and additive gene action under moderate to

high pressure.

According to Sharma and Rana (1985) one single recessive grene (npo npo) governs the non-preference
to oviposition while npo npo or Npo Npo gtoverns preference to oviposition, Two duplicate recessive genes

dhldhl dh2dh2 govern the resi to deadheart formation. S

ptibility is governed when either of the

genes DHI or DH2 is in he rygous or heterozygous conditi

Both additive and non-additive gene effects were equally important under high shoot fly pressure
(Agarwal and Abraham, 1985). Nimbalkar and Bapat (1992) studied the inheritance of shoot fly resistance
in sorghum by evaluating an eight by eight diallel set in three different environments. General combining

ability (GCA) variances were higher than specific combining ability (SCA) variances in all the three



for deadheart (%), indicating additive gene action for shoot fly resistance. The nature of pzene

action for eggs plant in El and Ell envir s was predomil dditive, while it was additive in

EIIL Al the resistant parents recorded significant negative GCA effects for epgs plant” and deadheart (%).

2.5.3 Trichomes and Glossiness

Omori et al. (1988) assessed the genetic diversity of 20 sorghum cultivars with resistance to A.soccata
originating from different geographic regions. They concluded that trichome density contributed mainly
towards genetic divergence in resistance followed by glossiness. Gibson and Maiti (1983) reported that the

presence of trichomes 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 simply inherited
character (Agarwal and House, 1982). Tarumoto (1980) indicated that the presence of glossiness is controlled

by a single recessive gtene. Glossiness is highly correlated with shoot fly resistance and path analysis suggests

the linkages of glossi with some unk inherent antibiotic factors; its intensity is quantitatively

governed and is controlled by both additive and non-additive genes (Agarwal and Abraham, 1985).

2.5.4 Recovery Resistance

Doggett et al. (1970) identified the varieties

'Serena' and 'Nematare' and derivatives as shoot fly
tolerant genotypes which recovered well even when more than 90 per cent of the main culms had been killed.
The broad sense heritabilities were high for recovery. Starks et al. (1970) discovered that additive effects and

general heterosis accounted for most of the variance in the percentage of recovered plants,

The SCA component of variance in crosses of resistant sorghum parents and susceptible ones was
larger than the GCA component for recovery traits in the F, but less than the GCA component in the F,
(Sharma etal,, 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 zene action was predominant



for seedling height and plant recovery. No correlation between shoot fly resistance and recovery was found,
indicating independent genetic control. Some entries showed high susceptibility in the initial stages but

possessed high recovery resistance which was reflected in grain yield.

2.6 Transfer of Resistance

Efforts have been made to incorporate genes responsible for r

ance into elite cultivars by making

crosses between available resistant sources and the elite susceptible lines, then evaluating their der

yenerations using pedigree methods and screening for shoot fly resistance, igronomic traits and grain quality

(Agarwal and Abraham, 1985).

Many shoot fly resistant lines with moderate levels of resistance and reasonable yield potential have
been developed at ICRISAT. ‘The levels of their resistance are comparable with Maldandi, a local standard
shoot fly resistant cultivar. Some of these lines PS 21171, P'S 21271 and PS 21318 have been found promising
even under no choice conditions. PS 14093, S 14103, S 14454 and PS 21318 have shown good promise
against shoot fly both within and outside India. The segregating populations of resistant x susceptible crosses

can be exploited for isolating resistant lines with desirable agronomic attributes (Borikar e al., 1982).

Mote and Bapat (1988) tested the F, generation derived from a cross between resistant sorghum
varieties and other ones, The derivatives of RSV 8R and RSV 9R are consistently more resistant than their
parents. Blum (1972) crossed resistant lines with some adapted R and B lines and 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 9.8%. These studies revealed that resistance would have to be built

into all the three parents if a resistant hybrid were to be developed.

Bapat and Mote (1982) tested promising selections from Indian x Indian crosses for their reaction to
shoot Ny in F, and F,generations and identified the highly promising derivatives against shoot fly. Lalet
al. (1986) identified SPV 346 and 22198 and PS 14413 and E 602 as desirable crosy combinations, and

indicated that the parents PS 14413, PPS 14454 and E602 tended to transmit genes for relatively less
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2.8 Correlations between Various Traits of Resistance

‘The resistance to sorghum shoot fly in sorghum appears to be a complex character and depends upon
the interplay of 2 number of component characters, which finally sum up on the expression of shoot fly
resistance. In obtaining a clear picture of the contribution of each of such componential characters in
building up the total genetic architecture of the resistance, it would be necessary to discriminate them and

study their correlation and causation.

Studies by Jain and Bhatnagar (1962), Sharma ef al. (1977) and Patel and Sukhani (1990) showed
significant positive correlation between percentage deadhearts and egg laying, indicating that deadheart
formation depends on the extent of egg laying, and concluded that deadheart damage was entirely due to

ovipositional non-preference in sorghum.

‘The study of Omori et al. (1983) conducted at 1AC included number of eggs plant” along with

glossiness and trichome density as independent variables affecting deadhea

and investigated their effects
on deadhearts. They showed that the effects of trichomes and glossiness were marginal on deadhearts, as the

number of eggs had accounted for most of the variability in deadhearts.

Inheritance studies by Biradar and Borikar (1983) showed that seedlings with long basal internodes
had high seedling vigour. Mate et al. (1979) also indicated that the most resistant types grew taller and had

higher growth rate than susceptible ones even though the difference in growth rate was not significant.

High trichome density on the abaxial surface of the leaf leads to lower preference for aviposition by
shoot fly and high density on the adaxial surface may interfere with larval movement and survival leading
to reduced deadhearts. Glossy leaves may possibly affect the quality of reflected light which in turn may
influence the host preference leading to less egg laying and deadhearts. Several studies in sorghum have

supported this view (Maiti and Bidinger, 1979; Taneja and Leuschner, 1985).

Khiurana (1980) showed negative correlation of shoot fly infestation with leaf breadth and leaf length

where as Sandhu ez al. (1986) showed positive relationship in different varieties.



Maiti et al. (1980) stated that when the correlations were partitioned into direct and indirect effects

it was noticed that although the trichomes were closely assc

iated with shoot 1y resistance they did not

contribute directly to it but through other traits like ovipositional non-preference.

Karanjkar et al. (1992) conducted 4 field experiment to study the relation of different plant characters
and shoot fly resistance in sorghum. The percentage of plants with shoot Ny eggs on 14" day after seedling
emergence, exhibited significant positive correlations with deadhearts. While leaf trichome density and plant
height showed a significant negative correlation. The leaf trichume density exhibited higher magnitude for

resistance, indirectly due to non-preference for oviposition,

Vijayalakshmi (1993) was the opinion that the combination of traits, glossiness, trichomes on adaxial
surface, leaf length and drooping depth reduced deadheart formition, Omori et al. (1983) commented that
the shoot fly resistance traits are highly and significantly associated with each other, indicating that all are
important for shoot fly resistance. Thus, although these are highly significant and negative correlations
Dbetween the trichome intensity and shoot fly infestation (deadheart formation), it scems that the trichomes

do not play any direct role in reducing the deadhearts but help indirectly in reducing oviposition.

2.9 Heterosis for Shoot Fly Resistance

Ruo et al. (1974), and Borikar and Chopde (1981) on the basis of significance of parents vs hybrids
indicated the possibilities of heterosis for shoot fly resistance. Halalli ef al. (1982) studied heterosis over better
parent for lower deadheart (%) and found that it was present only in few crosses but most of the heterotic

effects were non-significant. A better parent is one which is more tolerant or resistant to shoot fly infestation.

Heterotic effects exhibited by resistant x susceptible crosses would be useful for obtaining
tolerant/resistant genotypes with better agronomic base (Nimbatkar and Bapat, 1987). Omori ef al. (1988)
found that trichome density contributed mainly toward genetic divergence in shoot fly resistance followed
by glossiness and heterosis for shoot fly resistance associated with genetic divergence but not with geographic

or taxonomic divergence.



Heterosis for eggs plant” and deadheart (%) in an 8 x § diallel mating system was studied by
Nimbalkar and Bapat (1992) in three different environments. Most hybrids for eggs plant” and more than

50% hybrids for deadheart (%) showed significant (either positive or negative) heterosis over mid and better

parent. The range of heterosis over better parent for eggs plant*in F,, F, and F, was -90.87 to 30.06, -40.25
to 42,79 and -31.23 to 42.68 respectively and for deadheart (%) it was -60.90 to 53.22, -68.79 to 52.51 and
-50.41 to 37.54 respectively. El environment showed more significant negative heterosis. Negative and

significant heterosis for characters related to shoot fly resistance exhibited by resistant x susceptible crosses

would be useful for obtaining tolerance/resistance genotype with better agronomie hase.






CHAPTER 111

MATERIALS AND METHODS

Studies on the genetics of shoot Nly resistance in sorghum hybrids of cytoplasmic male sterile (cms)
lines were conducted in four experimental sowings in two seasons during rainy and postrainy seasons of 1995-
96, at the International Crops Research Institute for the Semi-Arid Tropics (ICRISA'T), Patancheru, Andhra

Pradesh.

3.1. EXPERIMENTAL MATERIAL

One hundred and forty-four F, sorghum hybrids were produced at ICRISAT Asia Centre (IAC)
during the 1994-95 postrainy season by crossing 12 restorer lines (four resistant bred lines; four susceptible
bred lines and four postrainy season-adapted landraces) with 12 cms lines (four rainy season-bred resistant
cms lines; four postrainy season-bred resistant cms lines and four susceptible cms lines) (Table 1). The male
and female parents were crossed in the combinations shown in Table 2. The resulting 134 F, hybrids

comprising nine sets (4 lines x 4 testers) have been used in the studies.

3.2. EXPERIMENTAL DESIGN

‘The 144 sorghum hybrids along with parents and checks were evaluated in Randomized Complete
Block Design (RCBD) with three replications under two environments both in the rainy and postrainy

seasons. Different levels of infestation were created by adjusting the sowing dates and by enhancing the shoot

fly populations through the use of infestor rows. Natural environment-! in the rainy season (EIK) and in the
postrainy season (EIR) was created just by allowing the shoot fiy population to develop naturally to represent

farmers field. Whereas artificial environment-11 in the rainy season (EIIK) and in the postrainy season



Table 1. Characteristic features ot lines and testers

S.No.

EREIE Y

©)

8.
)

9.

10.
.
12

Genotype Pedigree Days 1o 50% Helght
Howering (mt)
Lines
Ralny season-bred resistant cms lines (RBR cms)
SPSFR 94002A (ICSB 51 x ICSV 705) PS 19349B)8-2-1-1-2 80 1.30
SPSFR 94003A (PS 21303 x SPV 386)-1-3 76 1.70
SPSFR 94001A (ICSB 37 x ICSV 705)13- 1 74 1.00
SPSFR 94031A (ICSB 102 x PS 280603) 4-2-2-2-2 74 1.90
Postrainy season-bred resistant cms lines (PRBR cms)
SPSFPR 94001A [ICSB 11 x (S 35 x Fara Fara)}-1-1-1-1 80 1.50
SPSFPR 94002A (ICSB 37 x ICSV 705) 13-3-2-2 76 125
SPSFPR 94005A (ICSB 101 x ICSV 705) 7-2-3-1 78 175
SPSFPR 94007A (PS x 1349-2-2-1) 79 1.10
Susceptible cms lines (SB cms)
ICSA 20 [(BTU 623 x CSV 4)B-Bulk]-4-2-5 T1(K) 1.40(K)
73(R) 1.30(R)
ICSA 89001 (BTU 623 x CSV 4)x B-Bulk)x ICSR 23 x(BTU 623 x B-Bulk) 70(K) 1.50(K)
X (2968 x SPV 105)x(2077B x M 35-1)1-3-2-2-2-1-4-4 76(R) 1.10(R)
ICSA 89004 (ICSB 3 x ICSR 72) x ICSB 11)-9-4-2 T0(K) 1.40(K)
80(R) 1.20(R)
ICSA 90002 [ICSB x (BTU 678 x Uchv2)B LINES Bulk)-3-4 X ICSR7)  68(K) 1.40(K)
68(R) 1.20(R)
Testers
Resistant bred restorer lines (RBR)
icsv 112 (PS 21303 x ISPYT 2/E#20)-2-2-1-1-2 73 200
ICSV 88088 (PS 14454 x SPV 351)-1-2-1-1 76 170
ICSV 89015 (PS 19230 x SPV 351) -9-1-1-1 57 2,10
ICSV 89030 (PS 28062 x R 11952)-12-2-2-3 69 210
Susceptible bred restorer lines (SBR)
ICSR 89076 {(ICSB 22 x ICSR 35) x (BT x 623) B Bulk]-3-1-6-1-4-2 T1(K) 1.60(K)
70(R) 1.40(R)
ICSR 90002 (C 852 ICSV 1) X MR 929)-1-3 78(K) 1.50(K)
71(R) 1.60(R)
ICSR 90005 (C 138 x ICSV 112) x SPL 7R)-5-3-1 69(K) 1.90(K)
69(R) 1.40(R)
ICSR 90014 (PM 14403 X MR 855)-5-3-1-1 65(K) 1.70(R)
72(R) 1.40(R)
Postrainy season-adapted land races (PRLR)
ICSR 93031 M 35-1-36 65 2.80
ICSR 93011 Is 18372 67 3.00
ICSR 93009 IS 33843 70 3.00
ICSR 93010 1S 33844 70 3.25

K = Kharit; R = Rabl



Table 2. CROSS COMBINATIONS EVALUATED FOR SHOOT FLY RESISTANCE DURING RAINY AND POST-RAINY SEASONS 1995.96,
AC, PATANCHERU.

S.NO. HYBRID GRoOUP S.NO. HYBRID GRouP

1. SPSFR94002A xICSV T2 RBRcms xRBR  30. SPSFPR 94007A xICSV 88068  PRBR cms x RBR
2. SPSFR94002A x ICSV 88088 RBRcms xRBR 3t SPSFPR 94007A xICSV 83015  PRBR cms x RBR

a. SPSFR 94002A x ICSV 89015 RBRcms xRBR 32, SPSFPR 94007A xICSV 89030  PRBR ems x RBR

4. SPSFR94002A x ICSV 89030 RBRcms xRBR 33 ICSA 20 xICSV 712 SBems  xRBR
5. SPSFR94003A xICSV 712 RBRcms xRBR 34, ICSA 20 x|CSV 88088 SBems  xRBR
6.  SPSFR94003A xICSV 88088 RBRcms xRBR 35, ICSA 20 xICSV 89015 SBems  xRBR
7. SPSFR94003A xICSV 89015 RBRcms xRBR 36 ICSA 20 xICSV 89030 SBecms  xRBR

8, SPSFR94003A xICSV 89030 RBRems xRBR 37 ICSA 89001 xICSV 712 SBems  xRBR
9. SPSFR94001A xICSV 712 RBRcms xRBR 38 ICSA 89001 x ICSVes0s8 SBems  xRBR
10, SPSFR 94001A x ICSV 83088 RBRcms xRBR 39, ICSA 89001 x ICSV89015 SBems  xRBR

1. SPSFR94001A xICSV 89015 RBRcms xRBR  40. ICSA 89001 xICSV8%030 SBems  xRBR

12, SPSFR94001A xICSV 89030 RBRcms xRBR 41 ICSA 89004 x1CSV 712 SBems  xRBR
13, SPSFR94031A xICSV 712 RBRcms xRBR  42. ICSA 89004 xICSV 88088 SBems  xRBR
14, SPSFR94031A xICSV 88088 RBRcms xRBR  43. ICSA 89004 xICSV89015 SBems  xRBR

15, SPSFR94031A xICSV 89015 RBRems xRBR 44, ICSA 89004 xICSV 89030 SBems  xRBR
16, SPSFR94031A x ICSV 83030 RBRems xRBR 45 ICSA 90002 xICSV 712 SBems  xRBR
17, SPSFPR 94001A x ICSV 712 PRBR cms x RBR  46. ICSA 90002 xICSVgs0s8 SBems  xRBR
18.  SPSFPR 94001A x ICSV 86088 PRBR cms xRBR 47, ICSA 89002 xICSV 89015 SBems  xRBR
19, SPSFPR 94001A x ICSV 89015 PRBRcms xRBR  48. ICSA 89002 xICSV 89030 SBems  xRBR
20.  SPSFPR 94001A x ICSV 89030 PRBR cms x RBR 49, SPSFR94002A xICSR89076  RBRcms x SBR,
21, SPSFPR 94002A x ICSV 712 PRBR cms x RBR  50. SPSFR94002A xICSR90002 RBRcms x SBR
22, SPSFPR 94002A x ICSV 88088 PRBR cms xRBR 51, SPSFR94002A  xICSR90005 ~ RBRcms x SBR
23, SPSFPR 94002A x ICSV 83015 PRBR cms X RBR 52, SPSFR94002A  xICSR90014  RBRcms x SBR
24 SPSFPR 94002A x [CSV 89030 PRBRcms xRBR 53 SPSFR94003A  xICSR 89076 RBRcms x SBR
25, SPSFPR 94005A x ICSV 712 PRBR cms x RBR 54 SPSFR94003A xICSR 90002 RBRcms x SBR
2. SPSFPR 94005A x ICSV 88088 PRBR cms x RBR 55, SPSFR94003A  xICSR 90005  RBR cms. x SBR
27, SPSFPR 94005A x ICSV 89015 PRBR cms xRBR  56. SPSFR94003A xICSR90014 RBRcms x SBR
28, SPSFPR 94007A x ICSV 89030 PRBRcms xRBR 57 SPSFR94001A xICSR89076 RBRcms x SBR

20.  SPSFPR 94007A x ICSV 712 PRBRcms xRBR 58, SPSFR94001A  xICSR90002  RBRcms x SBR



70.
.
72
7.
74.
75.

SPSFR 94001A
SPSFR 94001A
SPSFR 94031A
SPSFR 94031A
SPSFR 94031A
SPSFR 94031A
SPSFPR 94001A
SPSFPR 94001A
SPSFPR 94001A
SPSFPR 94001A
SPSFPR 94002A
SPSFPR 94002A
SPSFPR 94002A
SPSFPR 94002A
SPSFPR 94005A
SPSFPR 94005A
SPSFPR 94005A
SPSFPR 94005A
SPSFPR 94007A
SPSFPR 94007A
SPSFPR 94007A
SPSFPR 94007A
ICSA 20

ICSA 20

ICSA 20

ICSA 20

ICSA 89001
ICSA 89001
ICSA 89001
ICSA 89001
ICSA 83004
ICSA 89004
ICSA 83004
ICSA 89004
ICSA 90002

x ICSR 90005

x ICSR 90014

x ICSR 89076

x ICSR 90002

x ICSR 90005

x ICSR 90014

x ICSR 89076

x ICSR 80002

x ICSR 90005

x ICSR 90014

x ICSR 89076

x ICSR 90002

x ICSR 90005

x ICSR 90014

x ICSR 89076

x ICSR 90002

x ICSR 90005

x ICSR 80014

x ICSR 89076

x ICSR 90002

x ICSR 90005

x ICSR 90014
x ICSR 89076
x ICSR 90002
x ICSR 90005
x ICSR 90014
x ICSR 89076
x ICSR 90002
x ICSR 90005
x ICSR 90014
x ICSR 89076
x ICSR 90002
x ICSR 90005
x ICSR 90014
x ICSR 89076

RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
SBems
SBcms
SB cms
SB cms
SBcms
SB cms
SBcms
SB cms
SBcms
SB cms
SB cms
SB cms

SB cms

xSBR
X SBR
xSBR
xSBR
xSBR
x SBR
x SBR
x SBR
x SBR
x SBR
x SBR
x SBR
x SBR
x SBR
xSBR
xSBR
x SBR
x SBR
x SBR
x SBR
x SBR
X SBR
x SBR
xSBR
xSBR
x SBR
xSBR
x SBR
x SBR
x SBR
x SBR
xSBR
x SBR
x SBR
x SBR

94, ICSA 90002 x ICSR 90002
95, ICSA 90002 x ICSR 90005
96. ICSA 90002 x ICSR 90014

97, SPSFR 94002A  x ICSR 93031
98, SPSFR 94002A  x ICSR 93011
99. SPSFR 94002A  x ICSR 93009
100. SPSFR 94002A  x ICSR 93010
101. SPSFR 94003A  x ICSR 93031
102, SPSFR 94003A  x ICSR 93011
103, SPSFR 94003A  x ICSR 93009
104, SPSFR94003A x ICSR 93010
105. SPSFR 94001A  x ICSR 93031
106. SPSFR 94001A  x ICSR 93011
107. SPSFR 94001A  x ICSR 93009
108.  SPSFR94001A xICSR 93010
108. SPSFR 94031A  x ICSR 93031
110. SPSFR 94031A  x ICSR 93011
111, SPSFR94031A x ICSR 93009
112, SPSFR 94031A  x ICSR 93010
113, SPSFPR 94001A x ICSR 93031
14, SPSFPR 94001A x ICSR 93011
115, SPSFPR 94001A x ICSR 93009
116.  SPSFPR 94001A x ICSR 93010
17, SPSFPR 94002A x ICSR 93031
118, SPSFPR 94002A x ICSR 93011
119.  SPSFPR 94002A x ICSR 93009
120.  SPSFPR 94002A x ICSR 83010
121, 'SPSFPR 94005A x ICSR 93031
122, SPSFPR 94005A x ICSR 93011
123, SPSFPR 94005A x ICSR 93009
124.  SPSFPR 94005A x ICSR93010
125.  SPSFPR 94007A x ICSR 93031
126.  SPSFPR 94007A x ICSR 93011
127.  SPSFPR 94007A x ICSR 93008
128. SPSFPR 94007A x ICSR 93010

< Y

:ﬂd ‘/‘/QJ;,?KJ l'.l'm'xj ‘

¢R2153
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SB cms

SB cms

SB cms

RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms
RBR cms

x SBR

x SBR

x SBR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR

PRBR cms xPRLR



129.
130.

132,

133,

135,
136.
137.
138,
139.
140.
M.
142,

143,

RBR ems: Rainy season-bred resistant cms lines; PRBR cms: Post rainy season-bred resistant cms lines ; SB cms: Susceptible

bred cms lines; RBR: Resistant bred restorers; SBR: Susceptible bred restorers; PRLR: Post rainy season-adapted land races.

icsA 20

ICSA 20

ICSA 20

ICSA 20

ICSA 89001
ICSA 89001
ICSA 89001
1CSA 89001
ICSA 89004
ICSA 89004
ICSA 89004
ICSA 89004
ICSA 90002
ICSA 90002
ICSA 90002

ICSA 90002

x ICSR 93031
x ICSR 93011
x ICSR 93009
x ICSR 93010
x ICSR 93031
x ICSR 93011
x ICSR 93009
x ICSR 93010
x ICSR 93031
x ICSR 93011
x ICSR 93009
x ICSR 93010
x ICSR 93031
x ICSR 93011
x ICSR 93009

x ICSR 93010

SBcms
SBems
SBems
SB cms.
SB cms
SB ems.
SBems
SB cms
SBems
SBcms
SB cms.
SB ems.
SB cms
SB cms
5B cms

SB cms

x PRLR
xPRLR
x PRLR
xPRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
x PRLR
XPRLR

xPRLR




(EHR) was created by enhancing shoot fly populations by sowing CSH-1 (a susceptible hybrid) in four rows,
21 days prior to the planting of the test material. Moist fish meal packets of 500g each were placed within the

infestor rows to attract shoot flies (Starks, 1970). Sowings were taken four to six weeks Later than the normal

planting period to have sufficient shoot fly pressure,

Each entry was planted in 2-row plots of 2 m x 0.75 m (i.e., 2 rows of 2 m length, ridges 75 cm apart).
Plots were thinned at 10 days after emergence (hereafter referred as DAE) to spacing of § cm between plants
within rows. Deadhearts due to shoot fly damage did not appear prior to thinning; however care was taken

to thin the seedlings on the basis of their position in the row irrespective of their infestation or kack of it.

All cultural practices such as interculture, irrigation (only in postrainy season) weeding etc., were
carried out to maintain a weed-free crop in both the trials in rainy and postrainy seasons. The plant
protection measures during rainy and postrainy seasons were avoided until the shoot fly infestation period

was complete.
The crop in all the four environments was protected against stem borer by spraying endosulfan (700g
a4, ha!) twice at an interval of 10 days at 35 DAE and 45 DAE. During the grain filling stage both the trials

were protected against head bugs by spraying carbaryl (IKg a.i. ha) twice at an interval of six days.

3.3. OBSERVATIONS

ah

Observations on early seedling vigour, glossi eggs plant”, d

ts plot*, leaf parameters (-5*
leaf length, 5* leaf width and 5* leaf droopiness), trichome density, days to 50% flowering, uniformity in
recovery, total tillers plant”, productive tillers plant", plant height and yield from uninfested (UNI) and

infested plants (1) were recorded both in the rainy (Kharif) and postrainy (rabi) seasons.



3.3.1. Early Seedling Vigour

Scedling vigour was scored 14 DAE on a 1.9 scale, where 1 = highly vigorous (quick growing)

and 9 = least vigorous (slow growing and weak) seedlings.

3.3.2. Glessiness

Scedlings were scored for glossiness 14 DAE on a 1-9 scale, where 1 = completely glossy and

9 = completely nonglossy.

3.3.3. Trichomes

In order to study the variation in leaf trichome density, the central portion of the 5* leaf
(from the basc) was taken from three randomly selected scedlings. The leaf bits were processed by adopting
a standard procedure (Maiti,1977) of clearing the leaves for the observation of leaf trichomes under a

i pe. Leaf seg) pproximately lem’) were placed in 20 ml of acetic acid and alcohol solution (2:1)

in small glass vials (2 cm diameter, 7.5 cm high) overnight. Thereafter, they were transferred into 20 ml lactic
acid (90%) in stoppered vials. Cleared leaf segments (approximately once day later) were stored for later

examination.

For i ination, the were d on a slide in a drop of lactic acid

and observed under a stereo-microscope at 15x and 10x magnification. The trichomes on abaxial and adaxial

surfaces Wi ted through ly selected mi pic fields and exp d as trichome density mm™

3.3.4. Leaf Parameters

Maximum length (a), drooping length (b), greatest width (w) and drooping depth (c) of the

Ieaf were recorded in all the trials. The maximum leaf length was measured with the help of a scale from the

base of the leaf to the tip after straightening the leaf. The length of the droopy leaf is the straight linc



distance between leaf base and tip of a leaf while drooping on the plant. This was measured with the help of

the scale from the leaf base to the leaf tip without straighteni g the leaf. The i dicul.

perp

distance between the drooping leaf and the obscrved length (straight line connecting the leaf base and leaf
tip) was considered as drooping depth. Leaf width was recorded at the centre of the leaf (Plate.1). The
measurements were recorded for 3", 4", and 5% leaves at (8 DAE in both the rainy and postrainy seasons

for three random plants plot" of each genotype.

3.3.5. Egg Counts

Total number of shoot fly cggs on 10 randomly selected seedlings were recorded twice at an
interval of 7 days in all the four experiments. In the rainy season, counts were made at 14 and 21 DAE in
cach entry. In the postrainy scason, counts were made in cach entry at 21 and 28 DAE. A seven days delay
in the egg counts in the latter was given due to delayed emergence of scedlings during winter. Similarly,
number of eggs on the 3 leaf for 10 randomly selected seedlings were recorded. Average total number of

cggs per plant and average number of eggs on third leaf were calculated.

3.3.6. Deadhearts

Deadheart counts were made thrice at 14 DAE, 21 DAE and 28 DAE in both rainy and

postrainy scasons.Deadhearts were expressed in percentage by recording total number of plants plot'.

3.3.7. Days to 50% Flowering

When 50% of plants in the plot were at 50% anthesis, the total number of days from sowing

to anthesis was considered as days to 50% flowering. This was recorded in all the four experiments.



Plate 1. Methodology adapted to measure the leaf parameters.
(a) Total leaf length;
(b) Observed length of drooped leaf;
(c) Drooping depth.



3.3.8. Tiller Counts

In each plot, total tillers plant from infested plants were recorded and number of productive tillers
plant! were noted. The counts were recorded for five randomly selected infested plants plot” for each
genotype. Average number of total tillers plant” and average number of productive tillers plant were

calculated.

3.3.9. Uniformity in Recovery

Recovery rating for plants was given on a [-9 scale, where [ was given for healihy, undamaged plants
and for entries with good recovery in growth of all plants over the plot, 9 was given for heavily damaged

plants with poorly recovered tillers.

3.10. Plant Height at Maturity

Plant height at maturity was recorded in metres (m) from the soil surface to the tip of the plant

(including earhead).

3.3.11. Grain Yield

At maturity, the panicles from four uninfested (UNI) plants and from four infested (1) plants were
harvested separately in each plot. Later these were threshed separately and average grain yield plant” was

recorded.

3.4. STATISTICAL ANALYSIS
3.4.1. Analysis of Variance

The data for each character were analysed separately as per Randomized Complete Block Design

ANOVA suggested by Panse and Sukhatme (1978) to examine the existence of differences among the



genotypes. The treatment sum of squares in the ANOVA was further partitioned to examine the particular

contrasts among the genotypes.

3.4.2. Correlations

Character associations for various traits of the hybrids and parents were computed using statistical
procedures outlined by Singh and Chaudhary (1985) and their significance was tested by referring to the

correlation coefficient tables at (n-2) degrees of freedom,

3.4.3. Combining Ability Analysis

‘The analysis of combining ability was based on the method of Kempthorne (1957). The covariance of
lalf-sibs and full-sibs was used to obtain estimates of general and specific combining ability. The lines used
as male and female parents were crossed in accordance with the pattern described for Design 11 by Comstuck

and Robinson (1952).

3.4.4. Heterosis

The performance of the F, hybrid over the mid parent value, standard check (M 35-1, the most
popular variety) and that of the better parent for each cross expressed as a percentage was calculated using
the formula suggested by Liang etal. (1972). Thesignificance of heterasis was tested using t-test as sugpested

by Snedecor and Cochran (1967) and Paschal and Wilcox (1975).
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CHAPTER 1V
RESULTS

4.1 SUMMARY STATISTICS

‘The range, standard error (SE), mean and coefficient of variation (CV) for early seedling vigour,
glossiness, I total egg count, I third leaf egg count, 11 total egg count, 11 third leaf egg count, trichomes in
abaxial (AB) and adaxial (AD) surfaces for both uninfested (UNI) and infested (1) plants, 1 deadheart %, 11
deadheart %, 111 deadheart %, 3%, 4", and 5* Ienr'lenmhs, widths and droopiness, uniformity in recovery,
total tillers plant, productive tillers plant”, yield for both uninfested (UNI) and infested (I) plants of
sorghum genotypes, plant height and days to 50% flowering which were evaluated in rainy season and
postrainy season in all the four environments viz., rainy natural (EIK), rainy artificial (EIIK), postrainy

naturat (EIR) and postrainy artificial (EIIR) environments during 1995-96 are presented in Table 3.

Shoot fly resistance is usually d by deadhearts. However, other traits including developmental
Iraits are known or attributed to contribute to various resistance mechanisms (ovipositional non-preference,
antibiosis and recovery resistance). The feasibility of using these traits in assessing the various aspects of

shoot fly resis is il igated b

Early seedling vigour, which is one of the reliable measures of escape from shoot fly infestation, ranged
between 1.0 - 9.0 during rainy and postrainy seasons. The mean seedling vigour was relatively high in EIK,
EIK and EIR with 3.52, 3.45 and 3.36 (on 1-9 scale), whereas it was moderately low in EIIR (5.27). The CVs

for these environments ranged between 26.3-42.5% (Table 3).

Glossy trait, a dependable measure of

ipositi i is, ranged between 1.0 - 9.0 during rainy

and postrainy seasons. The mean values were 4.47 and 4.57 in rainy season (EIK and EIIK) respectively



compared to 5.14 and 5.31 in postrainy season (EIR and E1IR) respectively. The CVs ranged between 20.30 -
41.1% in both rainy and postrainy seasons. Glossy trait expressed more during rainy season compared to

postrainy season (Table 3).

‘The shoot fly activity was more during rainy season compared to the postrainy season. During the
rainy season, the I total egg count plant! was high and it ranged between 0.5 - 5.6 (EIK) and 0.3 - 4.7
(EIIK), and during postrainy season the egg count was less and it ranged between 0.0 - 1.8 (EIR) and
between (.0 - 3.0 ( EIIR) respectively. The mean ovipositional values were 2.22,1.67, 0.25 and 0.97 and the

CVs were 31.32, 33.60,97.90 and 48.50% for EIK, E1IK, EIR and EIIR respectively.

Interestingly, although initial pest population build up was more in the artificial environments, there
was no significant difference between natural and artificial environments in II egzg count. The oviposition
ranged from 0.4 - 7.1 (EIK) and between 0.2 - 7.7 (EIIK) in rainy season and between 0.0 - 5.3 (EIR) and
between 0.0 - 4.1 (EIIR) in postrainy season in the I1 egg count. The mean ovipasition values for EIK, EIIK,
EIR and FIIR were 2.53,2.43, 1.42 and 1.49 and the CVs were 36.1, 41.4,49.7 and 37.8% respectively. The

11 egg count which also includes the first egg count was taken as a measure for evaluation subsequently.

‘The shoot fly ovipasition on third leaf in the 1 egg count ranged between 0.0 - 2.6 ( EIK) and (L0 - 2.0
( EIIK) in rainy season and between 0.0 - 0.9 (EIR) and 0.0 - 1.5 ( EIIR ) in postrainy season. The mean
oviposition on third leaf was 0.42,0.29, 0.04 and 0.20 and CVs were 102.8, 116.1, 212.0 and 112.4% for EIK,

ElIK, EIR and EIIR respectively.

During rainy season, the shoot fly oviposition on third leaf in the IT egg count during rainy season
ranged between 0.0 - 2.1 (EIK) and 0.0 - 1.8 (EIIK) and during postrainy season between 0.0 - 1.4 (EIR) and
0.0 - 1.3 (EIIR). The mean oviposition on third leaf was 0.32, 0.32, 0.15 and 0.15 and the CVs were 133.4,
117.2,1303 and 138.1 for EIK, E1IK , EIR and EIIR respectively. Since the CVs were very high in both the

Tand I1 egg count, only the total 11 egg count was adopted for further evaluation (Table 3).
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Observations on trichome density (mm?) in uninfested (UNI) and infested (I) plant samples recorded
on both adaxial (AD) and abaxial (AB) surfaces during rainy (EIK) and postrainy (EIR) seasons. In rainy
season the trichome density was greater than in postrainy season. The trichome density was higher on
abaxial (lower) surface compared to the adaxial (upper) surface. There was no significant difference in
trichome density between infested and uninfested plants (Table 3). The egg laying occurs mostly on the
lower surface of the leaf and the maggot has to move from lower to upper surface hefore it reaches the
growing point, and hence only the trichome number on the abaxial surface in uninfested plant samples was

considered as a measure of resistance (Table 3).

Deadheart percentage is the principal measure for evaluating shoot fly resistance and in general

deadheart percentage of 70 % in the susceptible check is considered as a most reliable for measurement for

resistance. In the present i igati the deadheart percentages were too high (>90.00 %) in the 11 and

111 counts in rainy season compared to I deadheart %. Therefore, it is suspected that some of the susceptible

genotypes might have pletely wipedout due to heavy pressure. However in the postrainy season, the I

and 11 deadheart percentages were too lower (<50.00 %) than the 11l deadheart % which was considered

to be the optimum pressure for screening against shoot fly resistance (Table 3). Hence in the rainy season
1 deadheart count and in the postrainy season the 111 deadheart count have been taken as a measure of

resistance to shoot fly in the present investigations.

Leaf parameters, namely leaf length, leaf width and leaf droopiness have been taken to relate the
resistance to shoot fly in the 3, 4" and 5™ leaves (Table 3). Davies and Seshu Reddy (1980) found fifth and
fourth leaves to be preferred in order for oviposition in the field. Further there is an inverse correlation
between the distance of eggs from the base of the leaf blade and production of 'deadhearts' in the infested
seedlings (Mowafi, 1967). Hence, among these parameters only 5 leaf length, 5* leaf width and 5™ leaf

droopiness were taken into account to relate the resistance to shoot fly.

Doggett (1972) and Blum (1972) have established the exi: of recovery resi asa dary

mechanism of resistance. Thus recovery traits like uniformity in recovery, total tillers and productive tillers



are considered for evaluation. Plant height and days to 50% flowering were considered by the sorghum
breeders of India and USA to be important determining factors for ecological adjustment and yield
expression. Hence these adaptation characters were also considered for evaluation to relate shoot Hy

resistance.

‘To know the increased yielding ability along with shoot fly resistance, grain yield plant* in uninfested
(UNI) and infested (I) samples was recorded. Even though the yield data was obtained for all the four
environments (EIK, EIIK, EIR and EIIR) only mean yield data for EIR environment was considered for

interpretations.

Depending upon high range and low CV of various traits in different environments and also depending

upon their relevance to shoot fly resistance, only early seedling vigour, glossiness, I total egg count, trichomes

in abaxial surface (AB) in uninfested plants (UNI), I deadheart % (EIK and EIIK), [l deadheart % (EIR
and EHR), 5™ leaf length, 5™ leaf width, 5* leaf droopiness, days to 50% flowering, plant height, total tillers
plant”, productive tillers plant™, uniformity in recovery and yield in uninfested and infested samples (UNI
and 1) were selected for further analysis and presentation of results hereunder. Other traits such as I total
egg count, I third leaf egg count, II third leaf egg count, trichomes in adaxial (AD) surface for both
uninfested (UNI) and (1) plants, trichomes in abaxial surface (AB) for infested (1) plants, 11 and I11 deadheart
% (FIK and EIIK), I and 11 deadheart % (EIR and EHR), 3 and 4™ leaf lengths, 3" and 4 leaf widths, and
3" and 4" leaf droopiness with low range and high CVs were rejected as these were not found to add any

meaningful insight to the objectives of the present study.

4.2. MEAN PERFORMANCE OF SORGHUM GENOTYPES FOR VARIOUS

CHARACTERS

‘The means for early seedling vigour, glossiness, leaf parameters(-5* leaf length, $* leaf width and 5*

leaf droopiness), trichomes, egg count, deadheart %, uniformity in recovery, total tillers plant”, productive



tillers plant’, yicld (UNI and 1), days to 50% flowering and plant height of sorghum genotypes which are

selected based on low CV and high range as indicated carlier are presented in Tables 4-7.

4.2.1 Early Seedling Vigour

The carly seedling vigour (1-9 scale, where 1 is most vigorous and 9 is least vigorous), a trait related
to shoot fly resistance in sorghum genotypes, ranged between 1.33-7.33 (EIK) and 1.33-7.33 (EIIK) during
rainy season and 1.00-7.00 (EIR) and 1.00-9.00 (EIIR) during postrainy season. The experimental mean

values were 3.47,3.52,3.37 and 5.30 for EIK, EIIK, EIR and EIIR environments respectively (Table d).

Among the sorghum hybrids SPSFR 94001A x ICSR 93010 (developed on rainy season-bred resistant
female parent), SPSFPR 94007A x ICSR 93031 (developed on postrainy season-bred resistant female parent)
showed significantly high seedling vigour (<2.00) in all the four (EIK, EIR, EIIK, and EIIR) environments.
SPSFR 94001A x ICSR 93009, SPSFR 94031A x ICSR 93031, SPSFR 94031A x ICSR 93011, SPSFR 94031A
x ICSR 93010 (developed on rainy scason-bred resistant female parent), SPSFPR 94005A x ICSR 93031,

SPSFPR 94007A x ICSV 89015, SPSFPR 94007A x ICSR 93009 (developed on postrainy s bred

resistant female parent) also showed high seedling vigour (<2.00) in atleast three environments, SPSFR
94001A x ICSV 88088, SPSFR 94031A x ICSV 88088, SPSFR 94002A x ICSR 93011, SPSFR 94003A x ICSR
93010, SPSFR 94001A x ICSR 93031 (developed on rainy season-bred resistant female parent), SPSFPR

94007A x ICSV 89030, SPSFPR 94002A x ICSR 90002, SPSFPR 94005A x ICSR 93010 and SPSFPR 94007A

xICSR 93011 (developed on p iny s bred resistant female parent) showed scedling vigour of <3.00
in all the four environments. The hybrids, ICSA 20 x ICSV 88088, ICSA 90002 x ICSV 88088 (developed
on susceptible bred female parent), SPSFR 94031A x ICSV 712, SPSFR 94003A x ICSR 93011, SPSFR
94001A x ICSR 93011 (developed on rainy season-bred resistant female parent), SPSFPR 94002A x ICSR
93011, SPSFPR 94002A x ICSV 88088, SPSFPR 94007A x ICSV 712, SPSFPR 94007A x ICSV 88088,
SPSFPR 94007A x ICSV 89015, SPSFPR 94005A x ICSR 93011 and SPSFPR 94007A x ICSR 93009

(developed on postrainy scason-bred resistant female parent) exhibited seedling vigour of <3.00 in atlcast



three environments which diftered significantly from other genotypes. Generally sorghum hybrids involving
susceptible parental lines, observed to have significantly higher score (less vigorous) especially during late

rabi (EIIR) (Table 4).

Among parents, only one male parent, ICSR 93031 (postrainy season-adapted tandrace) showed high
seedling vigour (<3.00) in all the four environments, whereas SPSFPR 940024, SPSFPR 94007A (postrainy
season-hred resistant cms lines), ICSV 712, 1CSV 88088 (resistant bred restorer lines), ICSR 89076, 1CSR
90002 (susceptible bred restorer lines), ICSR 93011, ICSR 93009 and ICSR 93010 (postrainy season-adapted
landraces) showed seedling vigour of <3.00 in atleast three environments, which differed significantly
{P’=0.05) from other genotypes. With regard to parental lines, resistant ones were found to be more vigorous

than susceptible ones.

Among the checks, only IS 18551 (resistant) was more vigorous (<3.00) in atleast three environments.
Generally crosses involving resistant lines showed high seedling vigour than crosses involving susceptible lines

and seedling vigour was more during rainy season than in postrainy season,

4.2.2 Glossiness

‘The glossy score (1-9 scale, where 1.00 = completely glossy and 9.00 = non-glossy) which is one of the
maost important measure for resistance ranged between 1.00 - 8.67 (EIK) and 1.17 - 8.67 (EIIK) during rainy
season and 1.00 - 9.00 (EIR) and 1.00 - 9.00 (EIIR) during postrainy season. Differences were muarked
between seasons for this character and the genotypes were less glossy (with higher score) during postrainy
season (5,15 and 5.36) compared to rainy season (4.47 and 4.58) for both natural and artificial environments

respectively (Table 4).

Among hybrids, SPSFR 940024 x ICSR 93011 (developed on rainy season-bred resistant female

parent), SPSFPR 94007A x ICSV 88088, SPSFPR 940024 x ICSR 93010 and SPSFPR 940074 x ICSR 93031



(developed on postrainy season-bred resistant female parent) showed significantly (P=0.05) high glossiness
(<2.00) in all the four environments. SPSFR 94031A x ICSR 93011, SPSFR 94031A x ICSR 93010
(developed on rainy season-bred resistant female parent) and SPSFPR 94005A x ICSR 93031 (developed on
postrainy season-bred resistant female parent) showed significantly high glossiness (<2.00) in atleast three
environments. SPSFR 94001A x ICSV 88088, SPSFR 94031A x ICSV 88088, SPSFR 94002A x ICSR 93011,
SPSFR 94003A x ICSR 93010, SPSFR 94001A x ICSR 93031, SPSFR 94001A x ICSR 93009, SPSFR 94031A
x ICSR 93031, SPSFR 94005A x ICSR 93010 (develuped on rainy season-bred resistant female parent),
SPSFPR 94005A x ICSV 89030, SPSFPR 94007A x ICSV 712, SPSFPR 94007A x ICSV 89030,SPSFPR
94007A x ICSR 93011 and SPSFPR 94007A x ICSR 93010 (developed on postrainy season-bred resistant
female parent) showed significantly (P=0.05) high glossiness (<3.00) in all the four environments. Whereas
a significantly (P=0.05) high glossiness (<3.00) in atleast three environments was shown by SPSFR 94031A
x ICSV 712, SPSFR 94003A x ICSR 93011, SPSFR 94001A x ICSR 93011, SPSFR 940024 x ICSR 93011, SPSFR
94005A x ICSR 93011 (developed on rainy season-bred resistant female parent), SPSFPR 940024 x ICSV 88088,
SPSFI’R 94007A x ICSV 89015, and SPSFPR 94007A x ICSR 93009 (developed on postrainy season-bred
resistant female parent). Most of the hybrids involving resistant parental lines were significantly more glossy

than hybrids developed from  susceptible parental lines (Table 4).

Parents were statistically different from each other in glossiness. Shoot fly resistant parental lines
were glossy, whereas susceptible ones were non-glossy in both the seasons. Among parents SPSFR 940024
(rainy season-bred esistant cms line) and SPSFPR 94007A (postrainy season-bred resistant cms line) showed

ificantly (P=0.05) high glossi with a score of <2.00 in all the four environments (Table 4), ICSV 712,

1CSV 88088 (resistant bred restorer lines), ICSR 93011 and ICSR 93010 (postrainy season-adapted
landraces) showed significantly (P=0.05) high glossiness (<2.00) in atleast three environments. SPSFR
94031A (rainy season-bred resistant cms line) showed high glossiness of <3.00 in all the environments.
Whereas SPSFR 94003A, SPSFR 94001A (rainy season-bred resistant cms lines), SPSFPR 940024
(postrainy season-bred resistant cms line), ICSV 89015 (resistant bred restorer line) and ICSR 93031
(postrainy season-adapted landrace) showed a high glossiness score of <3.00 in atleast three environments

(Table d).
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With regard to checks only PS-19349B (resistant) recorded <2.00 glossiness in all the four
environments, whereas other resistant checks M 35-1 and IS 18551 recorded <3.00 in all the four
environments. Thus, only the resistant parental lines and the hybrids involving both the resistant parents
were more glossy compared to the susceptible parental lines. The hybrids involving either both or one
susceptible parent were extremely non glossy. In general, the genotypes were more glossy during rainy

season than during postrainy season.

4.2.3 Leaf Parameters

The mean values for leaf characters- (5" leaf length, 5™ leaf width and 5* leaf droopiness) of all

sorghum genotypes during rainy and postrainy seasons of 1995-96 are given in Table 4,

423.1 5" Leaf Length

‘The length of 5* leaf varied significantly (P=0.05) among the sorghum genotypes. The length of §*
leaf varied between 9.95 - 29.10 ¢cm (EIK) and 5.23 - 35.43 em (EIIK) during rainy season and between 6.80 -
28.23 cm (EIR) and 6.77 - 33.67 cm (EIIR) during postrainy season. The mean lengths for EIK, EIIK, EIR
and EITR were 17.59,20.74,22.96 and 17.49 cm respectively. Generally in all genotypes 5*" leaf length was

more in rainy season than in postrainy season (Table 4).

Of all hybrids, SPSFR 94001A x ICSR 93010 (developed on rainy season-bred resistant femate parent)
showed significantly (P=0.05) longer leaves (>25.00 cm) in all the four environments compared to the checks
and other genotypes in the group. SPSFR 94001A x ICSR 93009 (developed on rainy season-bred resistant
female parent), SPSFPR 94002A x ICSR 93010, SPSFPR 94005A x ICSR 93031, SPSFPR 94005A x ICSR
93010, SPSFPR 94007A x ICSR 93031, SPSFPR 94007A x ICSR 93011, SPSFPR 94007A x ICSR 93009 and
SPSFPR 94007A x ICSV 88088, SPSFPR 94007A x ICSV 89030 (developed on postrainy season-bred

resistant female parent) had significantly (P=0.05) longer leaves (>25.00 cm) in atleast three environments.



Maximum length of >20.00 cm in all the four environments was observed in SPSFR 94002A x ICSR 93011,
SPSFR 94003A x ICSR 93009, SPSFR 94001A x ICSR 93031, SPSFR 94001 A x ICSR 93009, SPSFR 94031A
x ICSR 93031, SPSFR 94031A x ICSR 93009 (developed on rainy season-bred resistant female parent),
SPSFPR 94007A x ICSV 712, SPSFPR 94002A x ICSR 93009, SPSFPR 94005A x ICSR 93010, SPSFPR
94007A x ICSR 93031, SPSFPR 94007A x ICSR 93011 and SPSFPR 94007A x ICSR 93010 (developed on
postrainy season-bred resistant temale parent). Of all genotypes SPSFR 94003A x ICSV 88088, SPSFR
94031A x ICSV 88088, SPSFR 94031A x ICSV 89015, SPSFR 94001A x 1CSR 90005, SPSFR 940024 x
ICSR 93031, SPSFR 94003A x ICSR 93031, SPSFR 94003A x ICSR 93011, SPSFR 94003A x ICSR 93010,
SPSFR 94031A x ICSR 93011, SPSFR 94001A x ICSR 93011, SPSFR 94031A x ICSR 93010 (developed on
rainy season-bred resistant female parent), SPSFPR 94001A x ICSR 93031, SPSFPR 94001A x ICSR 93009,
SPSFPR 94002A x ICSR 90002, SPSFPR 94002A x ICSR 93031, SPSFPR 94002A x ICSV 89030,SPSFPR
94002A x ICSR 93011, SPSFPR 94005A x ICSR 93011, SPSFPR 94005A x ICSR 93009, SPSFPR 940074

xICSR 93009, SPSFPR 94007A x ICSV 88088 (developed on iny season-bred resistant female parent),

P

ICSA 20 x ICSR 93031, 1CSA 20 x ICSR 93009 and 1CSA 20 x ICSR 93010 (developed on susceptible bred

female parent) showed >20.00 cm length in atleast three environments (Table 4).

Among parents, ICSR 93010 (postrainy season-adapted landrace) showed significantly (P=0.05)
longer leaves >25.00 cm in all the four environments. Whereas ICSR 93009, ICSR 93011 and 1CSR 93031
(postrainy season-adapted landraces) showed >25.00 cm length in atleast three environments. SPSFPR
940078 (postrainy season-bred resistant cms line) showed significantly more length (>20.00 cm) in all the
four environments while SPSFR 94001A (rainy season-bred resistant cms line), SPSFPR 94002A and
SPSFPR 94005A (postrainy season-bred resistant cms lines) had longer leaves in atleast three environments

(Table4).

Of all checks, only ICSV 705B and M 35-1 (resistant) showed 220.00 cm leaf length in all the four
environments. (Generally among parents, resistant bred lines and landraces showed maximum leaf length
compared to susceptible lines. Similarly the hybrids involving resistant parents showed maximum leaf length

than hybrids involving susceptible lines.



4.2.32 5" Leaf Width

Among genotypes the leaf width ranged between 1.30 - 2.87 cm (EIK) and 0.60 - 3.10 cm (ENIK)
during rainy season and between 0.4 - 2.23 ¢cm (EIR) and 0.30 - 4.37 cm (E1IR) during postrainy season.
The experimental mean values for EIK, EIK, EIR and EIIR were 1.84,2.03, 192 and 1.53 cm respectively

(Table 4).

Among hybrids, SPSFPR 94007A x ICSV 89030, SPSFPR 940024 x 1CSR 93010 (developed on
postrainy season-bred resistant female parent), SPSFR 940014 x ICSR 93031 and SPSFR 940014 x ICSR
93010 (developed on rainy season-bred resistant female parent) showed a maximum width of >2.00 cm in alf
the four environments which ditfered significantly (P=0.05) from other genotypes, SPSFR 94003A x ICSV
88088, SPSFR 940024 x ICSR 89076, SPSFR 940014 x ICSR 900035, SPSFR 940034 x ICSR 93009, SPSFR
94003A x ICSR 93010, SPSFR 94001A x ICSR 93011, SPSFR 940014 x ICSR 93009, SPSFR 940314 x ICSR
93031 (developed on rainy season-bred resistant female parent), ICSA 20 x ICSR 89076 (developed on
susceptible bred female parent), SPSFPR 94007A x ICSV 712, SPSFPR 940024 x 1CSR 90002, SPSFPR
940024 x ICSR 93009, SPSFPR 940024 x ICSR 93010, SPSFPR 94005A x ICSR 93031, SPSFPR 940054
x ICSR 93010 and SPSFPR 94007A x TCSR 93031 (developed on postrainy season-bred resistant female

parent) showed a maximum width of >2.00 em in atleast three environments (Table 4).

Among parents, ICSR 93031 and 1CSR 93010 ditfered (postrainy season-adapted landraces)
significantly (P=0.05) from other genotypes and showed a maximum width of >2.00 ¢cm in atleast three

environments (Table 4).

Among checks, only resistant check, ICSV 705B showed maximum width (2.00 cm) in atleast three

environments. Thus hybrids involving resistant parental lines showed more leaf width compared to others.



4233 5" Leaf Droopiness

Genotypes varied significantly (P=0.05) for leaf droopiness which ranged between 3.33 - 11.37 ¢m
(EIK) and 1.5 - 13.00 cm (EHK) during rainy season and between 4,18 - 11.97 cm (EIR) and 3.17 - 14.13
cm (EIR) during postrainy season. Mean drooping depth for EIK, EIIK, EIR and EIIR were 6.58, 7.28 ,

9,14 and 7.40 cm respectively (Table 4).

Among hybrids, SPSFR 94001A x ICSR 93010 (developed on rainy season-bred resistant female
parent) and SPSFPR 94005A x ICSR 93031 (developed on postrainy season-bred resistant female parent)
showed maximum droopiness of >9.00 cm in all the environments. Whereas SPSFR 94031A x ICSV 89015,
SPSFR 94002A x ICSR 93011, SPSFR 94003A x ICSR 93011, SPSFR 94001A x ICSR 93031, SPSFR 94031A
x ICSR 93010 (developed on rainy season-bred resistant female parent), SPSFPR 94005A x TCSR 93009,
SPSFPR 94007A x ICSR 93031, SPSFPR 94007A x ISCR 93009 and SPSFPR 94007A x ICSR 93010
(developed on postrainy season-bred resistant female parent) showed maximum droopiness of >9.00 em in
atleast three environments. SPSFR 94001A x 1CSR 93009, SPSFR 94031A x ICSR 93009, SPSFR 94031A
x ICSR 93031(developed on rainy season-bred resistant temale parent), SPSFPR 94002A x ICSR 93009,
SPSFPR 94007A x 1CSV 89030, SPSFPR 94002A x ICSR 93010 and SPSFPR 94005A x ICSR 93010
(developed on postrainy season-bred resistant female parent) showed droopiness of >8.00 cm in all the four
environments. SPSFR 94003A x ICSV 88088, SPSFR 94031A x ICSV 88088, SPSFR 940034 x ICSR 93031,
SPSFR 94003A x ICSR 93010, SPSFR 94031A x ICSR 93011, SPSFR 94002A x ICSR 93031 (developed on
rainy season-bred resistant female parent), SPSFPR 94002A x ICSV 88088, SPSFPR 940024 x ICSV 89030,
SPSFPR 94007A x ICSV 88088, SPSFPR 94007A x ICSV 89015, SPSFPR 940024 x ICSR 93031, SPSFPR

94002A x ICSR 93011, SPSFPR 94005A x ICSR 93011, SPSFPR 94007A x ICSR 93011, and SPSFPR

94001A x ICSR 93009 (developed on postrainy season-bred resistant female parent) showed droopiness of

28.00 cm in atleast three environments (Table 4).



Among parents, ICSR 93009 and ICSR 93010 (postrainy season-adapted landraces) showed >9.00
cm in all the four environments and ICSR 93011 (postrainy season-adapted landrace) showed 9.00 cm in
only three environments, whereas ICSR 93031 (postrainy season-adapted landrace) showed maximum
droopiness of >8.00 cm in all the four environments. SPSFPR 94007A (postrainy season-bred resistant cms
line) and ICSV 8R088 (resistant bred restorer line) showed >8.00 cm in only three environments. Among
checks M 35-1 (resistant) only showed maximum droopiness of 9.00 ¢cm in all the four environments

(Table ).

Generally, leaf droopiness is more in hybrids involving r

ant lines and landrace parental lines.
Similarly, among parental lines also resistant and landrace parents showed maximum droopiness compared

to the susceptible lines.

4.2.4 Trichome Density

‘The trichome density (number mm?) on the AD surface varied between genotypes in both rainy and
postrainy seasons. Among the genotypes trichome density varied between 0.00 - 109.19 (EIK) durinyg rainy
season and (.00 - 123.36 (EIR) during postrainy season. When mean trichome density was considered in
between rainy and postrainy seasons, the postrainy season trial had a higher number (44,00) than the rainy

season trial (35.34) (Table 5).

Among hybrids, SPSFR 940314 x ICSR 90002 (developed on rainy season-bred resistant female

parent), SPSFPR 94001A x ICSV 88088, SPSFPR 94001A x ICSV 89030, SPSFPR 94001 A x ICSR 90005

and SPSFPR 94001A x ICSR 93031 (developed on postrainy season-bred resistant female parent) showed
2100 trichomes mm™ in atleast one enviranment. The hybrids with trichome density >70 in both the
environments were SPSFPR 94002A x ICSV 712, SPSFPR 94002A x ICSV 88088, SPSFPR 94001A x ICSR

90014 (developed on postrainy season-bred resistant female parent), SPSFR 94001A x ICSV 712, SPSFR



94001A x ICSR 93009 and SPSFR 94001A x ICSR 93010 (developed on rainy bred female
parent), and >70 trichomes mm?” in atleast one environment were observed in SPSFR 94002A x ICSV 88088,
SPSFR 94003A x ICSV 712, SPSFR 94031A x ICSV 712, SPSFR 94001A x ICSV 88088, SPSFR 94001A x
JCSR 93031, SPSFR 94031A x ICSR 93009, SPSFR 94031A x ICSR 93010, SPSFR 94031A x ICSV 88088
(developed on rainy season-bred resistant female parent), SPSFPR 94001A x ICSV 712, SPSFPR 94005A
x ICSV 712, SPSFPR 94005A x ICSV 89015, SPSFPR 94001A x ICSV 89015, SPSFPR 94005A X ICSV
88088, SPSFPR 94005A x ICSR 90002,SPSFPR 94001A x ICSR 93011, SPSFPR 94001A x ICSR 93009,

SPSFPR 94002A x ICSR 93010 (developed on postrainy season-bred resistant female parent), ICSA 20 x

ICSV 88088 and ICSA 89004 x ICSV 712 (developed on  susceptible bred female parent) (Table 5).

Among parents, ICSV 88088 (resistant bred restorer linc) showed >100 trichomes mm™ in both the
cnvironments, whercas SPSFPR 94001A (postrainy season-bred resistant cms line) and ICSV 712 (resistant
Dred restorer line) showed >100 trichomes mm™ in atleast one environment. Trichome density >70 mm*
in atleast onc environment was observed among SPSFR 94031A, SPSFR 94001A (rainy season-bred resistant
cms line), SPSFPR 94002A (postrainy season - bred resistant cms line) and ICSR 93031 (postrainy

scason - adapted landrace) (Table 5).

Among checks, only ICSV 708B (resistant) showed >100 trichomes mm in atleast one environment.

The resistant check, IS 18551 was observed to have >70 mm™ in both the environments (Plate, 3).

Generally among parents, the rainy season-bred resistant lines had greater trichome density during
rainy scason than in postrainy scason. Similarly the postrainy season-bred resistant lines had more
trichomes during postrainy season rather than during rainy scason. Interestingly susceptible lines had only
very few to nil trichomes during postrainy season compared to rainy season. Similarly hybrids resembled

their female parents for trichome density.
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4.2.5 Egg Count

The number of shoot fly eggs varied among genotypes and also from rainy season to postrainy season
(Table 5). The oviposition values varied between 0.16 - 5.46 (EIK) and 0.93 - 12.46 (EIIK) during rainy
season and between 0.10 - 9.90 (EIR) and 0.11 - 2.85 (EIIR) during postrainy season. The mean oviposition

values for EIK, EIIK, EIR and EIIR were 2.52,2.42, 1.43 and 1.49 respectively.

Among hybrids, SPSFR 940024 x ICSV 712, SPSFR 94003A x ICSV 88088, SPSFR 94001A x ICSV
88088, SPSFR 940024 x ICSR 93031, SPSFR 94001A x ICSR 93031, SPSFR 940314 x ICSR 93011, SPSFR
94031A x ICSR 93031, SPSFR 94031A x ICSR 93009, SPSFR 94031A x ICSV 712 (developed on rainy
season-bred resistant female parent), SPSFPR 94002A x ICSV 712, SPSFPR 940024 x ICSV 88088, SPSFPR
94002A xTCSV 89030, SPSFPR 94002A x ICSR 93009, SPSFPR 94002A x 1CSR 93010, SPSFPR 94005A
X TCSR 93031, SPSFPR 94005A x ICSR 93009 and SPSFPR 94005A x ICSR 93010 (developed on postrainy
season-bred resistant female parent) recorded <2.00 eggs plant ! in all the four environments. Whereas <2.00
eggs plant” in atleast three environments were observed among SPSFR 940024 x ICSV 88088, SPSFR
94002A x ICSV 89015, SPSKR 94002A x ICSV 89030, SPSFR 94003A x ICSV 712, SPSFR 94003A x ICSV
89015, SPSFR 94001A x ICSV 89030, SPSFR 94031 A x ICSV 88088, SPSFR 94031A x ICSR 90002, SPSFR
94002A x ICSR 93011, SPSFR 94002A x ICSR 93009, SPSFR 94003A x ICSR 93031, SPSFR 94001 A x
ICSR 93010, SPSFR 94031A x ICSR 93010, SPSFR 94031A x ICSR 90014, SPSFR 940314 x ICSV 89015,
SPSFR 94031A x ICSV 89030 (developed on rainy season-bred resistant female parent), SPSFPR 94001A
x ICSV 712, SPSFPR 94001A x ICSY 89015, SPSFPR 94005A x ICSV 88088, SPSFPR 94005A x ICSV
89030, SPSFPR 94007A x ICSV 712, SPSFPR 940074 x ICSV 89015, SPSFPR 94007A x ICSV 89030,
SPSFPR 94001A x ICSR 90014, SPSFPR 94001A x [CSR 93011, SPSFPR 940024 x ICSR 93031, SPSFPR
94002A x ICSR 93011, SPSEPR 94007A x ICSR 93031, SPSFPR 94007A x ICSR 93011 (developed on
postrainy season-bred resistant female parent) and ICSA 89001 x ICSR 90014 (developed on susceptible

bred female parent) (Table 5).



Among parents, SPSFR 94002A, SPSFR 940034, SPSFR 94001 A (rainy season-bred resistant cms
lines), SPSFPR 940054, SPSFPR 940074 (postrainy season-bred resistant cms lines), [CSY RRORR, 1CSV
RIOIES, ICSV RY030 (resistant bred restorer lines), 10SR 93031, FCSR 93011, 1CSR 93009 and 1CSR 93010
(postrainy season-adapted Lindraces) recorded <2.00 eggs plant” in all the four environments. Whereas
SPSFR 9403LA (rainy season-bred resistant. cms linel, SPSFI'R 9400 1A, SPSFEPR 940024 (postrainy season-
bred resistant cms lines) and 1CSV 712 (resistant bred restorer line) showed <2.00 eggs plant™ in atleast

three environments (Table S).

Among checks, [USV-T0SB, [CSY-T0RB, PS-19 3498, 1S-18351 and M 35-1 (resistant) recorded <2.00
egps plant” in all the four environments. The data clearly indicated that the hybrids which involved
susceptible parents were in general preferred for epg laying in comparision to the hybrids which were
obtained from crossing both the resistant parents and this was more evident during the postrainy season

than in rainy season.

4.2.6 Deadhearts

During postrainy season, deadheart percentages significantly differed among the genotypes (Table
§) compared to the rainy season, However, in the rainy season no significant ditferences were observed in
deadhearts among genoty pes and the deadheart pereentage ranged as high as 9,48 - 1000 (KIK) and 14.53 -
97.80 (FIIK) compared 10 9.23 - 100.00 (EIR) and 32.63 - 100.00 (EHR) during postrainy season. The

experimental mean values were 89.17, 84.17, 69.79 and 70.60 for EIK, ETIK, EIR and EIIR respectively.

During rainy season, among hybrids SPSFR 940024 x 1CSV 712, SPSFR 940024 x 1CSV 85088,
SPSFR 940024 x ICSV 89015, SPSFR 94001A x ICSV 88088, SPSFR 94M01A x TCSV 89030, SPSFR 94002A
x ICSV 89030, SPSFR 94001A x IUSV 89015,SPSFR 94002A x JUSR 93009, SPSFR 94003A x ICSR 93031,
SPSFR 94001 A x FCSR 93031, SPSFR 94001A x ICSR 93009, SPSFR 93031A x [CSR 93031, SPSFR 940314

X ECSR 93009, SPSFR 940314 x ICSV 88088, SPSFR 94031A x ICSV 89030 (developed on rainy season-



bred resistant female parent), SPSFPR 94001A x 1CSV 712, SPSFPR 940024 x ICSV 88088, SPSFPR
940024 x ICSV 89030, SPSFPR 940074 x ICSV 88088, SPSFPR 940074 x ICSV 89015, SPSFPR 940027

xICSR 93010, SPSFPR 94005A x ICSR 93031 (developed on postrai y season-hred re:

nt female parent)
and ICSA 89001 x ICSR 93031, 1CSA 89004 x 1CSR 93009(dev eloped on susceptible bred female parent)

showed <85.00 per cent deadhearts in both the environments (EIK and EIK) (Table §).

During postrainy season, the genotypes with deadheart percentages <6000 in both the environments
were SPSFR 94003A x ICSV 712, SPSFR 94003A x [CSY 88088, SPSFR 940034 x 1CSV 89030, SPSFR
94001A X ICSV 88088,SPSFR 94003A < ICSR 93031, SPSFR 940014 x 1CSR 93031, SPSFR 94031A x ICSKR
93031, SPSFR 94031A x ICSR 93011, SPSFR 94003A x 1CSR 90002, SPSFR 94031A x 1CSV BRORE, SPSFR
94031A x FCSV 89015, SPSFR 94031A x 1CSV 89030 (developed on rainy season-hred resistant female
parent), SPSFPR 940024 x ICSV 712, SPSFPR 940024 1 1CSV 88088, SPSFPR 940024 x 1CSY 89015,
SPSFPR 94002A X 1CSV 89030, SPSFPR 94005A x FCSV BY015, SPSFPR 94007A X 1CSV 88088, SPSFPR
94001A x ICSR 90005, SPSFPR 940014 x ICSR 90014, SPSFPR 94007A x 1CSR 90002, SPSFPR 94007A

x 90014, SPSFPR 94001A x ICSR 93011, SPSFPR 94002A A TCSR 93010 (developed on postrainy se:

“ANON-
Dred resistant female parent) and ICSA 89001 x TCSV 89030 (developed on - susceptible bred female parent)

(Table 5).

Among parents, during rainy season SPSFR 940024, SPSFR 94001, SPSFR 94031 A (rainy season-
bred resistant cms lines), SPSFPR 940024, SPSFPR 94007A (postrainy season-hred resistant cms lines),

ICSY 712, 1CSV 88088 (resistant bred restorer lines) and ICSR 93010 (postrainy season-adapted landrices)

showed <85.00 per cent deadhearts in both the envir . SPSFR 940024, SPSFR 94003A, SPSFR
940018, SPSFR 940318 (rainy season-bred resistant cms lines), SPSFPR 940014, SPSFPR 940024, SPSFPR
94005A, SPSFPR 94007A (pustrainy season-bred resistant cms lines) , ICSY 712, ICSV 8088, ICSV 89015
(vesistant bred restorer lines), ICSR 93031, ICSR 93011, ICSR 93009 and ICSR 93010 (postrainy season-

adapted landraces) showed <60.00 per cent d

ts in both the envi during postrainy season

(Table 5).



Among checks, ICSV 7058, PS-19349B, IS 18551 and M 35-1 (resistunt) were observed to have <85.00

per cent deadhearts during rainy season, whereas during postrainy season ICSV 705B, ICSV 7088, PS-

19349B and IS 18551 (resistant) shawed <60.00 per cent deadhearts.

Thus hybrids which involved both resistant parents showed significantly low deadheart % compared
to those involving susceptible parental lines. This was more pronounced during postrainy season than in

rainy season.

4.2.7 Uniformity in Recovery

As an important agronomic character, visual ratings for uniform recovery were given using 1.9 scale,
(1 was given for healthy, undamaged plants and for entries with good recovery in growth of all plants over
the plot; while a score of 9 was given for heavily damaged plants in entries with no tillers, and also kacking
uniformity in growth and recovery). The recovery rating ranged from 1.33 - 8.33 (EIK) and 1.00 - 8.67
(EIIK) during rainy season and between 1.00 - 7.00 (KIR) and 1.00 - 8.67 (EIIR) during postrainy season.

The experimental mean values for EIK, EIIK, EIR, and EIIR were 4.37,4.33, 3.50 and 3.71 respectively.

Among hybrids SPSFR 94031A x ICSR 93031 (developed on rainy season-bred resistant fem:le
parent) showed <2.00 recovery rate in all the four environments. SPSFR 94031A x ICSV 88088, SPSFR
94001A x ICSR 93010, SPSFR 94031A x ICSV 89015 (developed on rainy season-bred resistant female
parent), SPSFPR 94002A x ICSV 712, SPSFPR 94002A x ICSV 89015, SPSFPR 94007A x ICSV 712,
SPSFPR 94007A x ICSY 89015, SPSFPR 94007A x ICSV 89030, SPSFPR 94002A x ICSR 93010, SPSFPR
94005A x ICSR 93031, SPSFPR 94005A x ICSR 93010, SPSFPR 94007A x ICSR 93031, SPSFPR 94007A
x ICSR 93009 and SPSFPR 94007A x ICSR 93010 (developed on postrainy season-bred resistant female
parent) showed recovery rate of <3.00 in all the four environments. SPSFR 94003A x ICSV 88088, SPSFR
94031A x ICSV 712, SPSFR 94031A x ICSV 89030, SPSFR 94002A x ICSR 93011, SPSFR 94003A x ICSR
93031, SPSFR 94003A x ICSR 93011, SPSFR 94003A x ICSR 93009, SPSFR 940034 x ICSR 93010, SPSFR
94001A x ICSR 93031, SPSFR 94001A x FCSR 93009, SPSFR 94031A x ICSR 93011, SPSFR 94031A x ICSR



93009, SPSFR 94031A x ICSR 93010 (developed on rainy seuson-bred resistant female parent), SPSFPR
94002A x ICSV 88088, SPSFPR 94002A x ICSV 89030, SPSFPR 94007A x 1CSV 88088, SPSFI'R 940024
x JCSR 93031, SPSFPR 94002A x ICSR 93011, SPSFPR 94005A x ICSR 93011, SPSFPR 94005A x ICSKR
93009, SPSFPR 94007A x ICSR 93011 (developed on p

P

iny senson-bred resistant female parent) and
ICSA 90002 x ICSV 88088 (developed on susceptible bred femate parent) recorded <3.00 recavery rate in

atleast three environments (Table 6).

Amongt parents only ICSV 712 (rexistant bred restorer line) showed <3.00 recovery rate in all the four
environments. SPSFR 94003A (rainy season-bred resistant cms line), SPSFPR 940024, SPSFPR 94007A
(postrainy season-bred resistant cms line), IUSV 88088, ICSV 89015 (resistant bred restorer lines), ICSR
89076, 1CSR 90002 (susceptible bred restorer lines), ICSR 93031, ICSR 93011 and 1CSR 93010 (postrainy

season-adapted landraces) showed <3.00 in atleast three environments (Table 6).

Among checks, ICSV-T05B (resistant check) showed <2.00 recovery rate in all the four environments,
whereas ICSV-708B, PS-19349B and 1S 18551 (resistant checks) showed <3.00 in atleast three environments,

(enerally among parents, susceptible parental lines exhibited poor uniformity in recovery than resistant

parental lines. Amony, hybrids, the crosses i ingt rainy season-hred resi lines showed high uniformity
in recovery during rainy season than in postrainy season. Nimilarly, hybrids involving postrainy season-bred
resistant lines showed high uniformity in recovery during postrainy season than in rainy season, In general,

recovery was more during postrainy season than in rainy season.

4.2.8 Total Tillers

Tiller count was carried out since highly susceptible varieties may respond to shoot fly attack by
producing synchronous tillers, many of which may be able to escape major insect damage and give
productive heads (Doggett,1972) and information on tiller production thus becomes a good measure of

recovery resistance.

Total number of tillers plant” ranged between 1.07-3.47 (EIK) and 1.06-2.64 (ENIK) during rainy



season and 0.80 - 6,55 (EIR) and 1.53 . 7.79 (EIR) during pustrainyseason (Table 6). ‘The experimental
means were 1.89, 1.5, 2.82 and 2.8 for FIK, ENIK, FIR and EIIR respectively.

During rainy season, among hybrids ICSA 20 x ICSR 90005, ICSA 89001 x ICSR 89076, 1CSA 89004
xICSR 89076, 1CSA 20 x ICSR 93010, ICSA 89001 x ICSR 93031 and ICSA 89004 x ICSR 93010 (developed

on susceptible bred female parent) produced >2.00 tillers plant” in both the environments (EIK and EIIK)
(Table 6).

During postrainy season, SPSFR 94003A x 1CSR 90014, SPSFR 94031A x ICSR 89076, SPSFR
94031A x 1CSR 90005, SPSFR 940014 x ICSV 89030, SPSFR 94001A x ICSR 93011 (developed on rainy
season-bred resistant female parent), SPSFPR 940024 x 1CSR 90002, SPSFPR 94002A x ICSR 90014,

SPSFPR 94005A x ICSR 90002, SPSFPR 940054 x ICSR 90005, SPSFPR 940054 x 1CSR 90014, SPSFPR

94007A x ICSR 89076 (developed on iny season-bred resistant female parent), [CSA 20 x ICSR 89076,
1CSA 20 x ICSR 90002, ICSA 20 x ICSR 90014, 1CSA 89001 x ICSR 89076, ICSA 89001 x ICSR 90002,
1CSA 89001 x ICSR 90005, ICSA 89001 x TCSR 90014, ICSA 89004 x ICSR 98002, 1CSA 89004 x ICSR
90005, 1ICSA 90002 x ICSR 89076, 1CSA 20 x ICSR 93031, ICSA 89001 x TCSR 93009, ICSA 20 x ICSV 712,
TCSA 89001 x ICSV 712, 1CSA 89001 x ICSV 88088, 1CSA 89001 x ICSV 89015, ICSA 89001 x ICSV 89030,
1CSA 89004 x ICSV 712, ICSA 89004 x ICSV 88088, ICSA 89004 x ICSV 89015, ICSA 90002 x ICSR 93009
and ICSA 90002 x ICSV 89030 (developed on susceptible bred female parent) showed >3.00 tillers plant”' in

both the environments (EIR and EIIR) (Table 6).

Among parents during rainy season none of the parents produced >2.00 tillers plant-1 in both the
environments, whereas SPSFPR 94002A (postrainy season-bred resistant cms line), ICSA 20 (susceptible
bred cms line), ICSY 89015 (resistant bred restarer line) and ICSR 90014 (susceptible bred restorer line)
produced 2,00 tillers plant-1 in only one environment ( EIK). During postrainy season [CSA 20, ICSA
89001, ICSA 90002 (susceptible bred cms lines), 1CSV 89015 (resistant bred restorer line) and ICSR 90005
(susceptible bred restorer line) showed 23.00 tillers plant’ in both the environments (EIR and EIIR)

(Table 6).



Table 6: Mean performance of genotypes for uniformity in recovery and tiller count associated with shoot fly resistance during
rainy (EIK and EIIK) and post rainy (€IR and EIIR) seasons 1995-96

-1 -
Uniformity in recovery Total Tillers Plant Productive Tillers Plant 1

S.No. Genotypes
EIK EIIXK EIR EIIR EIK EIIK EIR EIIR EIK EIIK EIR EIIR

RBR cms x RBR hybrids

1 SPSFR 94002A x ICSY 712 3.67 2.42 4.33 4.67 2.00 1.80 2.40 2.93 0.87 1.33 1.73 0.86
2 SPSFR 94002A x ICSV 88088 3.00 2.67 3.33 4.00 1.73  1.46  2.53 2.86 0.87 0.80 1.27 0.86
3 SPSFR 94002A x ICSV 89015 4.00 4.00 3.00 3.33 1.80 1.86 2.53 3.33 0.87 1.00 1.47 1.06
4 SPSFR 940028 x ICSV 89030 3.33 3.33 3.00 2.3 2.07 1.80 2.53 3.40 0.93 1.13 1.27 0.73
5 SPSFR 94003A x ICSV 712 3.67 3.00 3.33 2.67 1.87 1.66 1.60 2.13 0.80 1.06 1.07 1.26
6 SPSFR 94003R x ICSV 88088 3.00 4.33 2.33 2.33 1.73  1.66 2.27 1.86 1.00 0.93 1.07 1.20
7 SPSFR 94003A x ICSV B901S 5.33 5.67 5.00 6.00 1.80 1.73 3.00 2.80 1.07 0.80 1.40 1.26
8 SPSFR 94003A x ICSV 89030 4.33  3.33 3.33  4.67 2.40 1.53 2.07 3.13 0.80 1.00 1.13 0.93
9 SPSFR 940014 x ICSV 712 3.33 3.00 5.00 6.00 1.33  1.40 3.20 2.66 0.60 0.93 1.64 1.26
10 SPSFR 94001A x ICSV 88088 3.00 2.67 3.67 4.33 1.67 1.53 2.20 2.83 1.00 0.86 1.27 1.51
11 SPSFR 94001A x ICSV 89015 3.33 3.67 7.00 8.67 2.33 1.33 4.00 2.66 0.87 1.00 2.83 1.26
12 SPSFR 940018 x ICSV 89030 4.00 2.33 5.33 5.67 1.87 1.66 3.48 3.93 0.93 1.06 1.48 1.33
13 SPSFR 94031a x ICSV 712 2.67 1.67 2.33 4.67 1.67 1.40 2.93 2.40 1.00 1.00 1.33 1.26
14 SPSFR 94031A x IC5V 68088 2.00 1.67 2.33 2.3 2.00 1.66 1.60 2.53 0.86 1.06 a.80 1.20
15 SPSFR 94031A x ICSV 89015 2.00 2.67 1.67 2.00 1.33 1.66 2.53 2.20 0.93 1.00 1.53 1.06
16 SPSFR 940318 x ICSV 89030 3.67 2.67 2.00 2.67 2.27 1.63 2.67 2.53 0.80 0.76 1.00 1.06
PRBR cms x RBR hybrids
17 SPSFPR S4001A x ICSV 712 5.33 4.67 4.52 4.33 1.47 1.33 2.52 2.38 0.80 0.80 1.54 0.98
18 SPSFPR 94001A x ICSV 88088 5.00 4.33 3.33 1.67 1.80 1.20 2.27 3.20 0.73 0.80 0.80 1.26
19 SPSFPR 94001A x ICSV 89015 5.67 6.67 3.33  4.67 2.27 1.40 3.07 2.53 0.93 1.00 1.00 0.80
0 SPSFPR 94001A x ICSY 89030 5.67 6.67 4.00 4.67 2.07 1.46 2.87 3.06 1.00 0.93 1.13 1.33
21 SPSFPR 94002” x ICSV 712 2.33 2.3 3.00 2.67 1.87 1.73  2.33  2.93 0.93 1.13 1.40 1.73

Contd...
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During rainy season, none of the checks produced >2.00 tillers plant” in both the environments,

During postrainy season, only CSH-9 (susceptible check) produced 2300 tillers plant” in EIR and ENIR

environments.

Thus among parental lines, the susceptible bred lines produced maximum number of tillers plant”

pared to the resi bred lines. Similarly the hybrids involvi

3 ptible parentallines produced
more number of tillers than hybrids involving resistant parental lines. In weneral, mure number of tillers were

produced during postrainy season than in rainy season,

4.2.9 Productive Tillers

Productive tillers were recorded as the number of tillers producing harvestable he:

S in relation to
the total number of tillers after the main stem was damaged. Number of productive tillers plant ranged
from 0.53-1.55 (EIK) and 0.57-1.46 EIIK) during rainy season and 0.47-3.59 (EIR) and 0.40-2.00 (E1IR)
during postrainy season. The experimental mean values for EIK, E1IK, EIR and EIIR were 091, 0.97, 1.36

and 1.15 respectively (Table 6).

Among hybrids, SPSFR 94031A x ICSV 712, SPSFR 940024 x ICSR 89076, SPSFR 94003A x ICSR
90005, SPSFR 94002A x ICSR 93031, SPSFR 94003A x ICSR 93031, SPSFR 94003A x ICSR 93009, SPSFR
94001A x ICSR 93009, SPSFR 94031A x ICSR 93011, SPSFR 94001A x 1CSR 90014 (developed on rainy
season-bred resistant female parent), SPSFIPR 94007A x ICSV 88088, SPSFP'R 94007A x ICSV 89030,
SPSFPR 94002A x ICSR 89076, SPSFPR 94001A x ICSR 93031, SPSFI'R 940024 x ICSR 93009, SPSFPR
94005A x ICSR 93031, SPSFPR 94007A x ICSR 93011, SPSFPR 94007A x ICSR 93010 (developed on
postrainy season-bred resistant female parent), ICSA 20 x ICSR 93031, ICSA 89001 x ICSR 89076, and
ICSA 89001 x ICSR 93031 (developed on susceptible bred female parent) produced 21.00 productive tillers
plant! in all the four environments. Whereas SPSFR 940024 x ICSV 89015, SPSFR 94003A x ICSV 712,
SPSFR 94003A x ICSV 88088, SPSFR 94003A x ICSV 89015, SPSFR 94001A x ICSV 88088, SPSFR 94001A

xICSV 89015, SPSFR 94001A x ICSV 89030, SPSFR 94002A x ICSR 90005, SPSFR 94003A x ICSR 89076,



SPSFR 94003A x ICSR 90002, SPSFR 940034 x ICSR Y0014, SPSFR 94001 A x ICSR 90002, SPSFR 94001A
x 90005, SPSFR 940314 x ICSR 89076, SPSFR 94031A x ICSR 90002, SPSFR 94031A x ICSR 90005,
SPSFR 94002A x ICSR 93011, SPSFR 94002 x ICSR 93009, SPSFR 940024 x 1CSR 93010, SPSFR 94003A
x ICSR 93010, SPSFR 94001A x ICSR 93031, SPSFR 94031A x ICSR 93031, SPSFR 94031A x ICSR 93009,
SPSFR 94031A x ICSR 93010, SPSFR 94031A x ICSV 89015 (developed on rainy seasun-bred resistant
female parent), SPSFPR 94001A x ICSV 89030, SPSFI'R 940024 x ICSV 712, SPSFI'R 940024 x ICSV
88088, SPSFPR 94002A x ICSV 89015, SPSFPR 94005A x 1CSV 89015, SPSFIPR 94005A x ICSV 89030,
SPSFPR 94007A x ICSV 712, SPSFPR 94002A x ICSR 90002, SPSFPR 940024 x ICSR 90014, SPSFPR
94005A x ICSR 90002, SPSFPR 940054 x 1CSR 90014, SPSFPR 940014 x ICSR 93010, SPSFPR 940024
x ICSR 93031, SPSFPR 94002A x ICSR 93011, SPSFPR 94007A x ICSK 93031, SPSFPR 94007A x ICSR
93009, SPSFPR 94007A x ICSR 89076 (developed on postrainy season-bred resistant female parent), ICSA
20 x ICSR 90002, ICSA 20 x ICSR 90005, ICSA 20 x TCSV 89015, ICSA 20 x ICSV 89030, 1CSA 89001 x
ICSV 712, ICSA 89001 x ICSV 89015, ICSA 89004 x ICSV 712, 1CSA 89004 x ICSR 90014, 1CSA 20 x
ICSR 93011, ICSA 20 x ICSR 93010, ICSA 89001 x ICSR 93011, ICSA 89004 x ICSR 93031, ICSA 89004
x ECSR 93009, ICSA 89004 x ICSR 93010 and 1CSA 90002 x FCSR 93011 (developed on susceptible bred

female parent) produced >1.00 productive tiller plant™* in atleast three environments (Table 6).
None of the parents produced 3i.00 productive tiller plant” in all the environments, whereas ICSA
90002 (susceptible bred cms line), ICSV 712 (resistunt bred restorer) and ICSR 93009 (postrainy season-

adapted landrace) produced >1.00 productive tiller plant" in atleast three environments (Table 6).

Among checks ICSV 705B, ICSV 708B, P’S 193498 and 1S 18551 (resistant checks) produced 21.00

productive tiller in all the four environments, whereas M 35.1 (resi check) produced >1.00 prod
tiller plant” in only th i Generally productive tillers were more during postrainy season than

during rainy season. Among parents, susceptible parental lines and postrainy season-adapted landraces

ds i number of productive tillers. No significant difference was observed among hybrids for

P

this trait.



4.2.10 Yield (UNI and I)

The grain yield (g plant") from uninfested plant samples (UND) ranged from 0.53 - 114,40 (EIK) and
from 0.85 - 45.79 (EIK) during rainy season and between 16.33 - 97.97 (EIR) and between 2.43 - 65.31
(EIIR) during postrainy season, The trial mean values for FIK, EIIK, EIR and EIIR were 10.92, 12.54, 47.27
and 25.12 g plant respectively (Table 7).

Thegrain yield from infested plant samples () ranged between 0.18 - 27.04 g (FIK) and 1.86 - 7282
(ETIK) during rainy season and between 22.08 - 102.42 ¢ (EIR) and 3.36 - 67.76 g (E1IR) during postrainy
season. The mean values for EIK, FIIK, EIR and EIIR were 7.56, 10.49, §1.26 and 22.41 g plant*
respectively (Table 7).

The differences between the means of EIK, EIIK, EIR and EIIR were reflections of the severe ergot

disease due to i rains during fl ing period in rainy season (EIK and E1IK) and severe hird

damage in postrainy season (E1IR), Hence only EIR trial is considered for interpretations.

During postrainy season (EIR), among hybrids, SPSFR 940014 x ICSV 88088, SPSFR 94031A x

ICSR 90002, SPSFR 94003A x ICSR 93010 {developed on rainy season-bred resistant female parent),

SPSFPR 94001A x ICSR 90014, SPSFPR 94002A x 1CSR 93010 (developed on p iny season-bred

resistant female parent), [CSA 20 x ICSV 88088, ICSA 89004 x ICSV 712, 1CSA 20 x ICSR 90002 and 1CSA
89001 x ICSR 90014 (developed on susceptible bred female parent) produced >60.00 g plant”* both in UN1
and I samples. SPSFR 94002A x ICSV 88088, SPSFR 94002A x ICSV 89015, SPSFR 94002A x ICSV 89030,
SPSFR 94003A x ICSV 88088, SPSFR 94003A x ICSV 89030, SPSFR 94001A x ICSV 712, SPSFR 94001A
xICSV 89030, SPSFR 94031A x 1CSV 89030, SPSFR 94031A x ICSR 90014, SPSFR 940024 x ICSR 93010,
SPSFR 94003A x ICSR 93009, SPSFR 94001A x ICSR 93009, SPSFR 94001A x ICSR 93010, SPSFR 94031A
xICSR 93031, SPSFR 94031A x 1CSV 712, SPSFR 94002A x ICSR 90002, SPSFR 94002A x ICSR 90014,
SPSFR 94003A x ICSR 90002 (developed on rainy season-bred resistant female parent), SPSFPR 94001A
x ICSV 88088, SPSFPR 94001A x ICSV 89015, SPSFPR 940024 x ICSV 712, SPSFPR 94002A x ICSV
89030, SPSFPR 94007A x ICSV 712, SPSFPR 94007A x ICSR 90002, SPSFPR 94005A x ICSR 93011,



SPSFPR 94005A x ICSR 93010, SPSFPR 94007A x ICSR 93011, SPSFPR 94007A x ICSR 93010, SPSFPR
94007A x ICSV 89015, SPSFPR 94007A x ICSR 89076, SPSFPR 94001A x ICSR 90005, SPSFPR 94002A

x ICSR 90014 (developed on p i bred resi female parent), ICSA 89001 x ICSR 89076,
ICSA 89001 x ICSR 90002, ICSA 89004 x ICSR 89076, ICSA 89004 x ICSR 90005, 1CSA 89004 x ICSR
90014, ICSA 90002 x ICSR 90002, ICSA 90002 x ICSR 90005, ICSA 90002 x ICSR 90014, ICSA 89001 x
ICSR 93011, ICSA 89001 x ICSR 93009, ICSA 20 x ICSV 712, ICSA 20 x ICSV 89015, ICSA 89004 x ICSV
89015, 1CSA 90002 x ICSY 89015 (developed on susceptible bred female parent) recorded >60.00 g plant”*

grain yield in atleast one sample (UNI or I) (Table 7).

Among parents, only ICSR 90014 (susceptible bred restorer line) produced >60.00 g plant” grain yield
in both UNI and I samples. SPSFR 94002A, SPSFR 94003A, SPSFR 94001 A (rainy season-bred resistant
cms lines), SPSFPR 94005A, SPSFPR 94007A (postrainy season-bred resistant ¢cms lines), 1CSA 20 (
susceptible bred cms line) and ICSV 89030 (resistant bred restorer line) produced >60.00 g plant™ in atleast

one sample (Table 7).

None of the checks produced >60.00 g plant” grain yield in both the samples. The checks, ICSV 708B
(resistant), 296B (susceptible) and IS 18551 (resistant) produced >60.00 g plant" in atleast one sample.
Although, amang the parental lines the susceptible parentallines have yielded more compared to athers, the

hybrids did not differ significantly.

4.2.11 Days to 50% Flowering

The duration (number of days) for 50% flowering ranged between 65.50 - 77.55 (EIK) and between
61.00 - 86.23 (EIK) during rainy season and between 60.00 - 83.67 (EIR) and between 74.00 - 94.33 (EIIR)
during postrainy season. The experimental mean values were 72.82, 69.66, 7178 and 84.13 days for EIK,
EIIK, EIR and EIIR respectively (Table 7).

During rainy season, among the hybrids, SPSFR 94001A x ICSV 88088, SPSFR 94002A x ICSR

89076, SPSFR 94002A x ICSR 93031, SPSFR 940024 x ICSR 93011, SPSFR 94002A x ICSR 93009, SPSFR




94001A x ICSR 93031, SPSFR 94031A x ICSR 93031, SPSFR 94031A x ICSR 93011 (developed on rainy
season-bred resistant female parent), ICSA 90002 x ICSR 89076, ICSA 89004 x ICSR 93031, ICSA 89004
x ICSR 93011 and ICSA 9002 x ICSR 93031 (developed on susceptible bred female parent) recorded <70.00

days for 50% flowering in both the environments (EIK and E1IK) (Table 7).

During postrainy season, a duration of <80.00 days to 50% flowering in both the environments (EIR
and ETIR) was recorded for SPSFR 94003A x ICSV 88088, SPSFR 94001A x ICSV 712, SPSFR 940014 x
ICSV 88088, SPSFR 94001A x ICSV 89015, SPSFR 94031A x ICSV 88088, SPSFR 94002A x ICSR 93011,
SPSFR 94003A x ICSR 93011, SPSFR 94001 A x ICSR 93031, SPSFR 94001A x ICSR 93011, SPSFR 94001A
x ICSR 93009, SPSFR 94001A x YCSR 93010, SPSFR 94031A x ICSR 93031, SPSFR 94031A x ICSR 93011
(developed on rainy season-bred resistant female parent), SPSFPR 94002A x ICSV 712, SPSFPR 940024
x ICSV 88088, SPSFPR 94002A x ICSV 89015, SPSFPR 94007A x ICSV 88088, SPSFPR 94007A x ICSV
89030, SPSFPR 94002A X ICSR 90002, SPSFPR 94001A x ICSR 93031, SPSFPR 94002A x ICSR 93031,
SPSFPR 94002A x ICSR 93011, SPSFPR 94005A x ICSR 93010, SPSFPR 94007A x ICSR 93031, SPSFPR
94007A x ICSR 93011, SPSFPR 94007A x ICSR 93009, SPSFPR 94007A x ICSR 93010 (develuped on
postrainy season-bred resistant female parent), ICSA 20 x ICSV 712, ICSA 20 x ICSV 88088, [CSA 20 x
ICSV 89076, ICSA 20 x ICSR 93031, ICSA 20 x ICSR 93011 and ICSA 20 x ICSR 93009 (developed on

susceptible bred female parent) (Table 7).

Among parents, the duration of <70.00 days for 50% flowering in both the environments during rainy
season was recorded in only SPSFPR 94007A (postrainy season-bred resistant female parent). SPSFPR
94002A, SPSFPR 94007A (postrainy season-bred resistant female parents), ICSV 88088 (resistant bred

restorer line), ICSR 93031 and ICSR 93011 ( i dapted land; recorded <80.00 days to

50% flowering in both the environments during postrainy season (Table 7).

The resistant check, 1CSV 705B recorded >70.00 days for 50% flowering during rainy season in both

the environments (EIK and ELIK), and ICSV 705B and M 35-1 (resistant checks) took <80.00 days to 50%



flowering in both the environments (EIR and EIIR) during postrainy season.

Thus, the period for 50% flowering was more during postrainy season compared to the rainy season

and the hybrids involving susceptible parents were late compared ta the others Particularly the hybrids

ing postrainy s dapted landraces as male parents were much earlier compared to others.

42.12  Plant Height

Differences among genotypes for plant height were significant (P=0.05) both in rainy and postrainy
season (Table 7), In rainy season, plant height of the hybrids ranged from 0.87 - 2.58 m (EIK) and from 0.97
- 2,53 m (EIIK) during rainy season and between 0.83 - 1.97 m (EIR) and between 0.90 - 2.32 m (EIIR)
during pestrainy season. The mean plant height for EIK, ELIK, EIR and EIIR were 1.62,1.73,1.39 and 1.46

m respectively.

During rainy season the mean phnl‘lleigll! 0f 22.00 min both the environments (EIK and EIIK) was
observed among the hybrids, SPSFR 94002A x ICSR 93031, SPSFR 94002A x ICSR 93009, SPSFR 94003A
x ICSR 93031, SPSFR 94003A x ICSR 93010, SPSFR 94001A x ICSR 93031, SPSFR 94001A x ICSR 930011,
SPSFR 94001A x ICSR 93009, SPSFR 94001A x ICSR 93010, SPSFR 94031A x ICSR 93031, SPSFR 94031A
x ICSR 93011, SPSFR 94031 A x 93009, SPSFR 94031A x ICSR 93010 (developed on rainy season-bred
resistant female parent), SPSFPR 94001A x ICSR 93011, SPSFPR 94001A x ICSR 93010, SPSFPR 94002A
x ICSR 93011, SPSFPR 94002A x ICSR 93009, SPSFPR 94002A x ICSR 93010, SPSFPR 94005A x ICSR
93031, SPSFPR 94005A x 93009, SPSFPR 94005A x ICSR 93010, SPSFPR 94007A x ICSR 93031, SPSFPR
94007A x 93011, SPSFPR 94007A x 93009, SPSFPR 94007A x ICSR 93010 (developed on postrainy season-
bred resistant female parent), ICSA 89001 x ICSR 93011, ICSA 89001 x 93010, ICSA 89004 x ICSR 93010,
ICSA 90002 x ICSR 93031, ICSA 90002 x ICSR 93009 and ICSA 90002 x ICSR 93010 (developed on

susceptible bred female parent).
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During postrainy season, the mean plant height of >1.75 m i both the environments (EIR and E1IR)
was observed among hybrids, SPSFR 94003A x ICSR 93011, SPSFR 94003A x ICSR 93010, SPSFR 94001A
x ICSR 93011, SPSFR 94001A x ICSR 93010, SPSFR 94031A x ICSR 93031, SPSFR 94031A x ICSR 93010
(developed on rainy season-hred resistant female parent), SPSFPR 94001A x ICSR 93031, SPSFPR 94005A
x ICSR 93011, SPSFPR 94005A x ICSR 93009, SPSFPR 94005A x 1CSR 93010, SPSFPR 94007A x ICSR
93031, SPSFPR 94007A x ICSR 93009, SPSFPR 940024 x ICSR 90002, SPSFPR 94002A x ICSR 93010
(developed on postrainy season-bred resistant temale parent), ICSA 89001 x ICSR 93010 and ICSA 89004

x JICSR 93010 (developed on susceptible bred female parent) (1able 7)

Among parents, only ICSR 93010 (postrainy season-adapted landrace) showed >2.00 m in both the
environments (EIK and EIIK) during rainy season. ICSR 93010 recorded >1.75 m plant height in both the

environments during postrainy season (lable 7).

The resistant chechs, 1S 18551 and M 35-1 recorded >2.00 m during ramny season, though none of
these recorded »1.75 m during postramy season. Generally the plant heyzhts were more during rainy season
than postrainy season and the hybrids involving postramy season-adapted landraces as male parents were

taller compared to others,

43 CORRELATIONS BETWEEN VARIOUS CHARACTERS

The associations between shoot fly resistance and its comp and the comp tl Ives were

computed in terms of phenotypic correlation coefficients among the hybrids and parents for 15 selected

varlables in rainy (EIK) and postramy (EIR) seasons. The results are presented n Table 8.

4.3.1. Early Seedling Vigour

Among the hybrids, early seedling vigour was significantly and positively correlated with glossiness,
5%leaf length, 5*leaf width, 5* leaf droopiness, uniformity in recovery and plant height both in rainy and



postrainy seasons. Seedling vigour was significantly and positively correlated with trichome density in rainy
scason. Significant negative correlations among hybrids were observed between this trait and deadheart
percentage, total tillers and days to 50% flowering (both in rainy and postrainy seasons), egg count and

yield-I (only in rainy season), and productive tillers (only in postrainy season) (Table 8).

Among parents, significant positive correlations were observed between seedling vigour and uniformity
in recovery, 5* leaf length, 5* leaf droopiness and plant height (both in rainy and postrainy scasons),and 5"
leaf width (only in postrainy season), whereas significant negative corrclations were exhibited between this

trait and productive tillers (only in postrainy season) (Table 8).

The correlation between early scedling vigour and productive tillers was in the same direction in both
parents and hybrids. The magnitude of association (') was more in postrainy season (51 times in case of

parents and 39 times in case of hybrids) than in rainy season.

432 Glossiness

In the hybrids, glossiness was positively correlated with 5th leaf length, 5th leaf droopiness, trichome
density, uniformity in recovery and plant height (both in rainy and postrainy seasons), and 5th leaf width
(only in ralny season). Significant negative correlations were observed with egg count, deadheart percentage,

total tillers (both in rainy and postrainy scasons), yleld-UNI, yield-I and days to 50% flowering (only in rainy

season) and productive tillers (only in p iny season) (Table 8).

Among the parents, significant positive correlations were observed with uniformity in recovery (both in
rainy and postrainy seasons), and trichome density, §* leaf length, 5* leaf width, 5* leaf droopiness (only in

rainy season). Significant negativ lati bserved with egg count, deadheart py ge (in rainy

and postrainy seasons), and total tillers, yleld-UNI and yield-I (only in postrainy season) (Table 8).

The itude of iation between glossiness and 5* leaf width, yield-UNI and yleld-I varied greatly

for both parents and hybrids in rainy and postrainy seasons, For 5*leaf width the magnitude of assoclation



(") was 8 times more in case of parents and 12 times in case of hybrids during rainy season; for yield-UNI,
21 times more in case of parents during postrainy season and 7 times in case of hybrids during rainy season,
and for yield-15 times more in case of parents during postrainy season and 20 times more in hybrids during

rainy season.

4.3.3 Egg Count

Among the hybrids, egg count was strongly and positively correlated with dendheart percentage, total
titlers (both in rainy and postrainy seasons), productive tillers, days to 50% flowering (only in postrainy
season), yield-UNT and yield-I (only in rainy season), while significant negative correlations were observed
between this trait and trichome density, S leaf length, 5* leaf droopiness and uniformity in recovery (in

rainy and postrainy seasons), 5* leaf width and plant height (only in postrainy season).

For parents, significant positive correlations were observed between this trait and deadheart
percentage, total tillers (both in rainy and postrainy seasons), yield-UNI and yield-I (only in postrainy
season). Egg count was significantly and negatively correlated with uniformity in recovery (both in rainy and
postrainy seasons), and 5™ leaf length, 5* leaf width and 5™ leaf droopiness (only in rainy season) and

trichome density (only in postrainy season) (Table 8).

The maximum variation in the magnitude of association (r?) was found with 5* leaf width, yield-UNI
and yield-1. For 5 leaf width r*was 17 times more in case of parents in rainy season and 2 times more in case
of hybrids during postrainy season; for yield-UNI, 4 times more in case of parents in postrainy season and
6 times in case of hybrids in rainy season, and for yield-1, § times more in case of parents in postrainy season

and 20 times in case of hybrids in rainy season.

4.3.4 Trichome Density

In the hybrids, this trait was strongly and positively correlated with 5 leaf length, 5™ leaf width, 5™

leaf droopiness (only in rainy season) and uniformity in recovery and plant height (both in rainy and



postrainy seasons). Trichome density was negatively correlated with total tillers (both in rainy and postrainy

seasons) and yield-UNI and yield-I (only in rainy season) (Table 8).

In the parents, trichome density was significantly and positively correlated with uniformity in recovery
(both in rainy and postrainy seasons). Significant negative correlations were observed with total tillers,

yield-I (only in postrainy season) and yield-UNI (only in rainy season) for parents (Table 8).

The magnitude of association varied greatly between trichome density and yield-UNI, yield-1. For
yield-UNI, in case of parents r* was 2 times and in case of hybrids 484 times more during rainy season, and
for yield-1, in case of parents 11 times more during postrainy season and 2 times more in case of hybrids

during rainy season,

43,5 Deadheart %

Deadheart percentage is an apparent indicator for shoot fly susceptibility and it was correlated with
other traits. For the hybrids, strong positive correlations were observed with total tillers and days to 50%
flowering (in rainy and postrainy seasons) and yield-I (only in rainy season). Significant negative correlations
were noticed with trichome density, 5" leaf length, 5" leaf width, 5* leaf droopiness, uniformity in recovery

and plant height (both in rainy and postrainy seasons) (Table 8).

During postrainy season, only total tillers and yield-I recorded significant positive correlations with
this trait for parents, Significant negative correlations were observed with trichome density and uniformity
in recovery (both in rainy and postrainy seasons), 5* leaf length, 5* leaf width and 5" leaf droopiness (in
rainy season only), In postrainy season, correlation coefficients for 5 leaf length, 5* leaf width and 5" leaf
droopiness were not significant among parents but these were in the same direction to rainy season

correlations (Table 8).

The magnitude of association varied greatly between deadheart % and yield-I i.e., in case of parents,




r* was 17 times more during postrainy season and in case of hybrids 4 times more during ruiny season,

4.3.6 5" Leaf Length

‘This trait was strongly and positively correlated with 5™ leaf width, 5" leaf droopiness, uniformity in
recovery and plant height for both parents and hybrids in rainy and postrainy seasons. Significant negative
correlations were observed for hybrids with total tillers, days to 50% flowering (both in rainy and postrainy

seasons), productive tillers (in postrainy season), and yield-UNI and yield-I (only in rainy season) (Table 8).

4.3.7 5™ Leaf Width

Highly significant and positive correlations were noticed among hybrids for 5™ leaf droopiness,
uniformity in recovery and plant height (in rainy and postrainy seasons), whereas 5" leaf width was
negatively correlated with total tillers and days to 50% flowering (both in rainy and postrainy seasons) and

yield-UNI (in rainy season only) (Table 8).

The results of correlations among parents indicated that this trait was positively correlated with 5*

leaf d

piness (in rainy and p iny seasons), uniformity in recovery (only in rainy season), and plant
height (In postrainy season). Significant negative correlations with this trait for parents were observed only

in rainy season with yield-UNT and yield-I (Table 8).

4.3.8 5™ Leaf Droopiness

No significant correlations were observed for hybrids with this trait both in rainy and postrainy

seasons, Significant positive correlation with plant height was observed for parents both in rainy and

postrainy seasons and with uniformity in recovery only in rainy season (Table 8).
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4.3.9 Uniformity in Recovery

During rainy season, no significant correlations were observed with this trait for both hybrids and
parents. In postrainy season, significant positive correlations were observed between this trait and yield-I
and plant height (for hybrids). Uniformity in recovery was significant and negatively correlated with total
tillers and productive tillers (for both hybrids and parents), days to 50% flowering (only in hybrids) and

yield-I (only for parents) (Table 8).

The magnitude of association (r?) varied greatly with total tillers and productive tillers. It was more
during post-rainy season (for total tillers-6 times in parents and 2 times in hybrids; for productive tillers -

3 times in parents and 1600 times in hybrids) compared to rainy season.

4.3.10 Total Tillers

Significant negative correlation was observed with plant height (for hybrids) during rainy and
postrainy seasons. During postrainy season, significant positive correlations were noticed for productive
tillers (for hybrids and parents), days to 50% flowering (only for hybrids) and yield-1 (only for parents)

(Table 8).

The magnitude of association (') varied greatly with productive tillers and was more (9 times in case

of parents and 34 times in case of hybrids) during postrainy season compared to rainy season.

43.11 Productive Tillers

Among the hybrids, significant positive correlations were noticed for yield-UNI (only in rainy season)

and days to 50% flowering (only in postrainy season). For parents significant negative correlation was



observed between this trait and yield-UNI (only in rainy season), whereas it was in the same direction but

non significant during postrainy season (Table 8),

‘The magnitude of association (r*) varied greatly with yield-UNI and was more (5 times in parents and

13 times in hybrids) during rainy season compared to postrainy season,

43.12 Yield (UND)

Among the hybrids, significant positive correlations were observed between this trait and yield-I (in
rainy and postrainy seasons) and plant height (only in postrainy season), whereas plant height (only in rainy
season) and days to 50% flowering (only in postrainy season) showed significant negative correlation with
this trait during rainy season. Among parents, significant positive correlation was noticed for yield-1 during

postrainy season (Table 8),

4.3.13 Yield ()

Among hybrids, yield-1 was negatively correlated with plant height (only in rainy season) and days
to 50% flowering (only in postrainy season), while the relationship of plant height with yield-I was in opposite

direction during postrainy season (only for hybrids). Among parents the esti were small in ituds

(Table 8).

43,14  Plant Height

Plant height was negatively correlated with days to 50% flowering during both rainy and postrainy

seasons (only for hybrids). In respect of parents the estimates were small in magnitude (Table 8).



44  INHERITANCE OF CHARACTERS IN VARIOUS HYBRID AND PARENT
GROUPS

Nine groups of hybrids obtained by crossing three groups of cms lines [rainy season-bred resistant
cms lines (RBR cms), postrainy season-bred resistant cms lines (PRBR cms) and rainy season-bred
susceptible lines (SB cms)] and three groups of restorer lines [resistant bred restorers (RBR), susceptible high
yielding restorers (SBR) and postrainy season-adapted landraces (PRLR)] were examined to elicit

information on the type(s) of crosses needed to obtain shoot fly resistant hybrids in different seasons,

Examination of data for ( (g

pe) x E (envi i ion showed significant (P=0.01) GxE
interactions for various traits particularly deadhearts. Since investigation into such significant interactions,

indicate the need to treat the experiments in different situati 1y for ingful

interpretation, investigations to envisage G; x E interaction is not the objective of the present study, and these
are not presented here in greater details. Therefore, the group means are presented for each season and
experiment [rainy season-natural (EIK), rainy season-artificial (EIIK), postrainy season-natural (EIR) and

postrainy season-artificial (E II R) environments] separately in Tables 9 -11.

4.4.1 Seedling Vigour

In general, seedling vigour was low in postrainy season compared to the rainy season, was the least
(5.30) in the late planted postrainy season (EIIR) when there was low temperature during the early crop
growth, This tendency did not exist in all the parental lines and hybrid groups uniformly. Among the
parental line groups, the susceptible (SBR and SB cms) parental lines and their hybrid groups showed
markedly poor vigour than any other groups of parental lines and hybrids in the late sown pestrainy season

experiment (EIIR).

Tn general, seedling vigour was low when susceptible parents were used as one of the parents in the
hybrids across all four experiments. Unlike the susceptible parental line groups (SB cms and SBR), the other
resistant parental groups, RBR cms and PRBR cms bred for shoot fly resistance behaved uniformly across
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all seasons. Similarly RBR and PRLR also behaved uniformly. Among all lines, PRLR group has the
highest vigour across all experiments. As a result, their hybrid groups (RBR cms x PRLR and PRBR cms

X PRLR) showed numerically higher vigour compared with the hybrid groups (RBR cms x RBR and PRBR
x RBR) which involved bred restorers (Table 9; Fig.1),

Further examination of susceptible x resistant and their reciprocal hybrid groups (SB cms x RBR,
SB cms x PRLR, RBR cms x SBR and PRBR cms x SBR) in relation to their parental groups for seedling
vigour in the late planted experiment (ETIR) showed that low vigour was dominant over high seedling vigour

in low temperature conditions.

4.4.2 Glossiness

Expression of glossiness was more in rainy season than in postrainy season. This tendency was not
related to breeding history of the materials. In other words, there was no clear pattern among resistant
parental line (RBR cms, PRBR cms and RBR) and susceptible parentalline (SB cms and SBR) groups. In
other words, season specific breeding had no effect on glossiness as both RBR cms and PRBR cms parental
line groups behaved similarly in both the seasons. As expected the two resistant groups, RBR ¢ms and PRBR
cms among the female lines, and RBR and PRLR among the restorers had the highest glossiness, and the
other two susceptible groups (SB cms and SBR) had the lowest glossiness. In other words selection for shoot
fly resistance based on deadheart damage had indirect effect on selection for glossiness. Further PRLR
parental line group, which were not bred specifically, but selected by farmers, showed highest glossiness like

any other bred lines (Table 9; Fig.2).

The hybrid groups involving both parent groups with glossiness (RBR cms x RBR, PRBR cms x
RBR, RBR cms x PRLR and PRBR cms x PRLR) were extremely glossy. On the other hand, the other
groups of hybrids which involved glossy (RBR ems, PRBR cms and PRLR) and non-glossy (SB ems and

SBR) parent or both non-glossy parent groups were all non-glossy irrespective of the seasons. This indicated

that glossy trait was i and the trait expression was stable across the season (Table 9a).



uw 10006 W 88T 169 Ll 06°0 T 09T ST 9T e ST 86°T T 0T T 0t [
0¥ BE'SE 09°0L  6L°63 L1'¥8 L1'68 {320 QO % 0 G 4 A A 4 9§ SI'S 85y (Y 0€'s LEf IW'C e {T1esas0) ooyl
S8 BUIT SIUIT L6'Y  TITL TLOTSS'Y [P 6200 ZE0 0P°0 (S0 150 6L°0 €90 02T 860 00 80 l6°0 180 50 09°0 ©
09T 8T 16Dy [6°68 96°SL IU'S9 £1'86 G0°26 95 9S6'T 80°T WI'C ¥H'E ST°L ¥'8 000°8 688°9 ([99°S €' 228 TII'Y EECY 955 qrdoss
LE'€9 28°99 T6°6S  WL'SS Q'[P SHUSE 02°LL 6H°PL BO'T €L6°C 009°0 LOZ'T LIS'T €6°T 008°T 000°7 €66°1 [96°T 0§°€ EEE'Z 009°F £EL°C EELTE st
SO
€0°L  SLUST O 0EYI M9 £0°9 T¥'0  S¥'0 S0 0870 €0 IU'T 68°0 OL'T €870 00°T 0RO BET SU'T #0980 ®
W 687 T8°Z 66°T8 65°98 0Z'T SZH'T 80S°0 BOE'T Z¥S'T 8T €80°T €8S°Z LIY'T EECT (9T 00G'T 699°T LTN'T €80°2 ¥
2988 €0°T8 L1°TL 19'86 S9°¥6 BE'T 86T [96°T [96°T ¥BS'T E¥°L 00°6 96L°9 €68°9 GII'L OL'C I19°9 000'C LI6°T 00S°C s
819 6L'TS 6L°82 L1708 (8°FB LT'T €680 69°0 ZMM'T EEL'T 19T EB0'T LIM'E 0ST'T BOL'T BT [99°C fEE'T €89°7 €E8°T o
S1s3L
(T LT €E°LT €0t ELUST OCTYTRE'S £0°9 TR0 S0 [S'0 08°0 €00 TUT 68'0 OU'T €£8°0 00T 0v°0 8L SUL B0 S8'0 ®
WS BT LB TOKB OF9L SLUH9 78°86 L0°96 IS'Z 009°T O006°T OEE'E BSZ'E KOS 00S°8 €89 ZW0'L T6L'9 EL'h  EE8'L €BS'E 0SU'Y 0SU'C ® 5
60Ty 81°9% 067 UC'C9 92705 60°8€ 18°28 80°78 ST'T 00T €ES°0 0S6°T ML II'C OSL'E EC'E 000°C LTNT 80°Y 00SH EBO°Y 0057V 0GT'C SO WM
9615 ¥S°TY B9 TE'TS  S6°LC  OV9L L1T08 OT'EL £0°T 8S6°0 Z62°0 EBE'T BOS'T 6T EEE'T [L'T SUI'T ST 9M'E CEE'C €8S°C LST'C OSL'C B 3
STy
@S 13 998 16° 9L SI'L W' W'E WO €70 82°0 000 960 95°0 - 40 980 Y0 0670 6€°0  69°0 850 L0 €0 ®
B oy sUs WK (298 01'SY (196 60°T6 LT IYL'T SL6'T $10°C STI'C LE'9 6E9'L 6L6'S BE6'S LI6°S 6LV €8Y'9 T6L°T SE'T 20V YN X S0 85
92°9) [2°06 S2'T  §5'69 SI°L9 88°LC £0°S8 2088 ST MIZ'T 95L°0 968'T SLI'T 98'T #SS'T BET'C 208°7 G88'Z 98°Z 8BI°C V68T W9T LT T X S WE
9Ly B6°SH €5°BY B9 FH'S9 86°9€ 0V°E8 SG°SR ST 962°T H06'0 S9B'T LL0°T 69T ST 'L SLET LT'T 99T GLE W9T (T 6T Lo RE R |
96'9  L°C SIOT 88’98 eS8 SI'TL€9'96 BC'K6 197 SIB'T £82°Z S20°C OE'C 09°C H09'8 I6L°L SOI'L 089 WY QUS'L WSE'E 668°C 9ITY S X SO g5
68°(2 90°0c TL°SZ S0°BL TH'69 €6°25 D'96 19°€6 02°7 COS'T /8T €66°Z I¥8'Z B9 96C'9 (86°G €90'9 2629 &Y'y 9 OSL°E WOy WOV WS X W
SUUT SLTL SS'Z LT8R TE'BL 16°66 95°96 TC'Z6 €677 L96°T 6L1°T 62L°7 €687 U9 EO'L 6L)'9 BME'S 8IS OL'Y TIE9 MUY 980y €8 LR E ] -]
ST 900 £6°2C  SB'V8 OU'98 WHUI9 VB9 £0'S6 [S'T YT WST'Z 88Z°C 200°C €0°L 0€8°8 968°9 06V'9 LGS SE'Y (L9 LIE°C S9°C GU'C WIWE
6685 LE°09 08°6y  92°0L T2'€9 SY'CH 678 S9°98 09T TOS'T HS8'0 000°7 $90°7 UL GB9TC M0'H GLY'E S2OE 6R°C (09 ST WC 96C°C X
90°05 S8°6Y 005 29'IL OL°79 WIS €8°Z8 69°¥8 8S'T BOC'T S86°0 I6'T €L0°ZT IE'E  EEE'E 985’V %09°T 6ILT 005"y €E6°C €5°C 62 b RS ok ]
syl
v §[I  NIT Wy NI M@ M3 M3 e MM §I NI NI W N@ ¥ MM I " ON M@ an IR
seazh adizoms
) Rtsuep mogtzy $ e peag _yeerd 3moo By SSATSSYH Toobra SarTpees Ajreg
96-566T
J0 suwosees (113 pwe ¥Ta) Aurenysod pue (I3 pue yi3) Aurex up KTJ3000S WTA peger JwI2331p 105 sadkyousb nghizos Jo sedky sworres jo sueew  dnozy



Glossy Score (1 -9)

MParent 1 (P1)

a b gpmm 2(P2)
L I Hybrid (H)
*[ Rainy Season *I" Postrainy Season
sl ot s
R
M
43 q 1S o
b ; !
o ¢ s o 1k ) g
bt a | :
L1d Pl M st |
oils ¢ a
1 M
a4l : ) s i o
b b P £
o af 4 | 1
bt il
[l !
' e { { :
: N o ]
D4
Pt
¥ b ? o LU
G4 GS G& G7 G& GeChecks GS G8 G7 G& GO Checks
10 C
ol Mean of two seasons G1 = RBR cms(P1), RBR(P2), RBR cms x RBR(H)
ok G2 = PRBR cms(P1), RBR(P2), PRBR cms x RBR(H)
, R ol G3 = SBcma(P1), RBR(P2), SB cme x RBR(H)
r "‘ M M
o /il G4 = RBR cma(P1), SBR(P2), RBR cms x SBR(H)
M1 M
il GS = PRBR cms(P1), SBR(P2), PRBR cms x SBR(H)
L3 M pd
oif o @6 = SB cms(P1), SBR(P2), SB cms x SBR(H)
Ar M P4
Wil o G7 = RBA cms(P1), PRLA(P2), RBR cma x PRLA(H)
st !
il e G8 = PRBA cms(P1), PRLR(P2), PRBA cms x PRLA(H)
2t b
a ] G = SB cme(P1), PRLA(P2), SB cms x PRLA(H)
1 s
E [ Checks = Reslstant(R), Susceptible(S)
Q1 G2 G3 G4 G5 Ge

Groups of genotypes

Figure 2. Mean glossy score of parents and their hybrid groups (a) Rainy
season (EIK) (b) postrainy season (EIR) (c) Mean of two seasons



‘Table 9a: Gene action for non-glossiness In varlous hybrid Rroups

Group Season P, [} Midpurental ~ Hybrid  Gene uction for
Value non-glossiness
RBR ems x RBR R 2.00 248 224 266 Dominant
PR 238 275 257 257 Overdominunt
RBR cms x SBR R 200 6.98 4.49 5.65 Dominant
PR 238 788 513 6.79 Dominant
RBR cms x PRLR R 200 304 252 228 Partlally dominunt
PR 238 183 u 3.09 Dominant
PRBR cms x RBR R 2m 248 260 ass Overdominant
PR 354 275 315 387 Dominunt
PRBR cms x SBR R 2m 6.98 485 618 Dominant
PR 354 788 571 599 Partially duminunt
PRBR cms x PRLR R wm 3.04 248 284 Dominant
PR 354 183 269 287 Dominant
SBems x RBR R 6.56 248 4.52 6.20 Domlnant
PR 767 275 521 749 Dominant
SB ems x SBR R 6.56 6.98 671 7.01 Overdominant
PR 167 788 178 8.20 Overdominant
SB cms x PRLR R 6.56 304 4.80 593 Dominant
PR 767 183 475 681 Dominunt

P,= Parent 1; P,= Parent 2; R= Rainy seuson; PR= Postrainy season

4.4.3 Egg Count

In general, number of eggs plant! was more in rainy season than in postrainy season. This may be due
to low pest load in the postrainy season than in the rainy season. Both bred (RBR ¢ms, PRBR cms and RBR)
and the farmer selected (PRLR) resistant parental line groups showed least eg count irrespective of the
season when compared with the susceptible parent groups (SBR cms and SBR). High egg count appeared
to be dominant over least count, with the result, hybrids involving both the resistant parents (RBR cms,
PRBR cms, RBR, and PRLR) only showed least count while all other combinations (SB cms x RBR, RBR
cms x SBR, PRBR cms x SBR, SB cms x SBR, SB cms x PRLR) supported high egg count irrespective of

season/temperature (Table 9; Fig.3). In other words, high egg count pattern followed non-glossy pattern

across all seasons .
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Figure 3. Mean number of eggs/plant in parents and their hybrid groups (a) Rainy
season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons




4.44 Deadheart %

Deadheart % ranged from 51.91 to 88.62 among all groups of hybrids, parental lines and controls
(Table 9). OFall the parental lines and control groups, rainy season-bred resistant cms lines (RBR cms) had
least deadheart % (51.91) and performed well in all the four environments, followed by resistant checks
(58.74). Interestingly both postrainy season-adapted lines (PRBR ¢cms and PRLR) had lower deadheart %
only in postrainy season and in rainy season they were inferior to the rainy season-bred resistant cms lines

(RBR cms) (Table 9; Fig.4).

Among hybrids, RBR cms x PRLR recorded least deadheart % (67.84) fullowed by PRBR cms x PRLR
group (69.55). The highest deadheart % was recorded in SB cms x SBR group (86.88). Comparatively a low
deadheart % was recorded in all the hybrid groups involving resistant female and male lines, Use of
susceptible lines either as female or male increased the level of deadhearts and the deadheart % in these

hybrids were

p with that of ptible x ible crosses (SB cms x SBR), This suggested that

resistance to shoot fly as by deadheart damage was ive and both the parents have to be
resistant in order to have resistant hybrids. Further, the deadheart % was high in those hybrids where
susceptible line groups were used as ftm.ale parents than as pollen parent in combination with resistant

parent groups.

Deadheart % was low in hybrid groups having rainy season resistant line as female and resistant/
landraces as pollen parent in both rainy and postrainy seasons. However, the crosses involving postrainy
season- bred resistant lines (PRBR c¢ms) as female parents had high level of resistance only in postrainy
season. On the other hand, use of landraces (PRLR) as pollen parent with susceptible female parent did not
increase the level of resistance level il-l the hybrid either in rainy or postrainy season. But use of landraces

as pollen parent with rainy/ postrainy season bred resistant lines as females had high deadheart % in ralny

season and low deadheart % in p iny season,

In crosses involving either RBR cms or PRBR cms as one of the parental lines the susceptibility was
intermediate/ partially dominant/ dominant, even though the male parent was susceptible bred restorer

group (SBR) (Table 9b). Interestingly, the crosses involving the susceptible bred cms females (SB cms)
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Figure 4. Mean deadheart (%) of parents and their hybrid groups (a) Rainy season

(EIK) (b) Postrainy season (EIR) (c) Mean of two seasons



showed domi: / domi for

ptibility even though the male parent was resistant bred lines.
‘Thus, it clearly indicates that to have resistant hybrids both male and female parents should be resistant and
that the susceptibility is influenced by the female parent.

‘Table 9b: Gene action for susceptibllity (high deadheart %) in various hybrid groups

Deadhearts (%)

Cross EIR/ EIIR Pl | 2] Mid Parent Value Hybrid  Gene action for susceptibility
RBR cms x SBR EIR 16,40 .47 4430 5991 Partiully dominant

ENR 3795 81.03 5949 M Dominunt
RBR cms x RBR EIR 16,40 8.7 22.60 5126 Dominant/ Overdominam

ElIR 3798 5L 4487 62.70 Domingnt / Overdominunt
RBR cms x PRLR EIR 1640 2781 211 36.98 Dominunt

EIIR 3795 5289 45.42 6544 PDominunt/ Overdominant
PRBR cms x SBR EIR 38.09 n.ua 5543 5293 Intermediate

ElIR 50.26 81.03 65.65 69.41 Partially dominant
PRBR cms x RBR EIR 38,09 .79 AR 4335 Dominant/ Overdominunt

ElR 50.26 SL79 51.03 6321 Dominunt/ Overdominunt
PRDR cms x PRLR EIR 38.09 2731 3295 3788 Partlally dominant

ENR 50.26 5289 51.58 67.25 Dominant/ Overdominant
SBems x RBR EIR 64.75 2879 46.77 6144 Dominunt

ElIR 76.40 s1.79 64.10 86.10 Dominant/ Overdominant
SB cms x PRLR EIR 64.75 12781 46.28 65.40 Dominunt

ElIR 76.40 5289 64.65 2 Dominant/ Overdominant
SB ems x SBR EIR 6475 Ay 63.46 7118 Partially dominunt

EIIR 76.40 81.03 78.72 8531 Dominant/ Overdominunt

EIR = Postrainy natural cnvironment; EIIR = Postrainy artificial environment; P, = Purent I; P, = Purent 2

4.4.5 Trichome Density

There was a clear en effect on the expression of trichome density and it was
variable depending on the genotype groups. In general, trichome density was lower in postrainy season than
in the rainy season. This reduction in density in postrainy season was contributed particularly by the
susceptible cms lines (SB cms), susceptible restorer lines (SBR), susceptible controls (CSH-9, ICSV 112 and

296B) and the resistant rainy season-bred cms lines (RBR cms). In the susceptible controls, mean density

was 41.91 in the rainy season while it was 1.28 in the postrainy season. Similarly the rainy season-bred:




Tesistant cms lines supported 62.38 trichomes In the rainy season, while there was only 41.54 In the postrainy

season. On the other hand, it was reverse in the postrainy season-bred resistant cms lines which supported
low density (29.40) in the rainy scason, and high density (56.18) in the postrainy season. This clearly
showed that the season-specific selection had profound effect on the trichome density. As expected, the bred
resistant restorer lines (RBR) were stable across the scasons as they were selected alternatively in both rainy

and postrainy seasons. Contrary to the exp ion, the iny dapted land did not show

any scason specificity and they were stable across both the scasons (Table 9; Fig.5).

Season specificity for trichome density was also reflected in the hybrids of postrainy season-bred
resistant cms (PRBR cms) lines. A comparison of hybrids of PRBR cms x RBR with RBR cms x RBR; PRBR
cms x SBR with RBR cms x SBR; and PRBR c¢ms x PRLR with RBR cms x PRLR showed that the hybrids
madc from PRBR cms lines had high density than the hybrids made from the other groups in postrainy

scason.

The hybrids of low density parents (SB cms and SBR) had low density and hybrids of high density
parents (RBR cms, PRBR cms, RBR and PRLR) had high density (Plate. 2&3). For the hybrids of low
density x high density or high density x low density groups, the explanation for gene action is given below

(Table 9¢ ).

Table 9¢: Gene action for low trichome density in various hybrid groups

Trichome density (mm')
Cross type Season Gene action of
P, P, Mid parentvalue  Hybrid  low density
RBR cms x SBR R 6238 1740 39.89 226 Partlally dominant
PR a4 0.00 2077 1176 Partially dominant
PRBR ems x SBR R 29.40 17.40 n40 2570 Additive
PR 5618 0.00 28.09 30.06 Partially dominant
$BS ems x RBR R L] 69.84 3927 2293 Partially dominant
PR 128 7029 3879 2076 Partlally dominant
$BS cms x PRLR R an 498 23833 9.8 Dominant
PR 128 2508 281 613 Dominant

P,= Parent 1; P,= Parent 2; R= Rainy season; PR=Postrainy
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Figure 5. Mean Trichome density (mm ) in parents and their hybrid groups a) Rainy

season (EIK) (b) Postrainy Season (EIR) (c) Mean of two seasons



Plate 2: Trichomes on abaxial surface ot
(a) SPSFR 94003A (RBR cms)
(b) ICSV 712 (RBR)
(c) ICSR 93031 (PRLR)
(d) SPSFR 94003A x ICSV 712 (RBR cms x RBR)

(e) SPSFR 94003A x ICSR 93031 (RBR cms x PRLR)









Itis evident from the data that the expression of trichomes in the hybrids depended on the type
of parents involved, and accordingly the gene action differed. If the postrainy season-bred resistant cms lines were
involved, trichomes expression in hybrids was lower in the rainy season than in the postrainy season; the result
was that the hybrids were intermediate between the parents for trichome density. Further, when the susceptible
bred female lines had least number of trichomes (8.71 in rainy and 1.28 in postrainy seasons), and the resistant
restorer lines were moderate for trichome density (69.84 in rainy and 70.29 in postrainy seasons), the low density
appeared to be dominant. In other cases, the low density appeared to be partially dominant. Thus it appeared that
the inheritance of trichome density was complex and it differed with the type of parents involved and with seasons

(Table 9¢).

4.46 Leaf Parameters

The differences between the means of rainy season trials (EIK and EIIK) which were planted at
the same time were reflections of the period at which the observations were taken (with a gap of 6 days). On the
other hand, during postrainy season the lowest mean growth of EIIR compared to EIR was due to low temperatures
during early crop growth of EIIR compared to EIR which were planted at different times. No particular pattern
was observed on the effects of (3 x E interaction covering various groups of materials. Therefore, the interpretations

were based on the overall means.
44.6.1 5" Leaf Length

Among the groups of parental lines and checks, the p i dapted s (PRLR)

had longest leaf length (28.25 cm) followed by resistant controls (22.08 cm), resistant bred restorers (21.07 cm),
postrainy season-bred resistant cms lines-PRBR cms (20.65 cm) and rainy season-bred resistant cms-RBR cms
(19.69 cm). The susceptible parentalline groups- both male sterile (SB cms) and restorers (SBR) had the shortest

leaf length (17.86 cm and 18.58 cm respectively) (Table 10; Fig.6).

Among the hybrid groups, the hybrids of resistant females (RBR cms and PRBR cms) and the

landraces (PRLR)- RBR cms x PRLR (23.39 cm), PRBR cms x PRLR (23.08 cm) had the longest leaf length.
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Figure 6. Mean 5th leaf length of parents and their hybrids groups (a) Rainy




Closely following these were the hybrids, RBR cms x RBR and PRBR ems x RBR which involved both the resistant
females and male parent groups (Table 10). Considering the crosses of parental groups with contrasting leaf length
(RBR cms x SBR, PRBR cms x SBR, SB cms x PRLR and SB cmis x RBR), it was clear that short leaf dominates

over the long leaf as shown in Table 10a.

Table 10a: Gene action for short leaf in various hybrid groups

5" leaflength (em)

Cross Py I Mid Parent Value Hybrid (Gene action for short leaf
SB ems x PRLR 1786 2825 23.06 1922 Dominunt
SBems X RBR 1786 2107 1947 1768 Dominant
PRER cms x SBR 20.65 18.58 1962 18.09 Dominant
RBR cms x RBR 00 19.69 2038 1979 Dominant

P,= Parent I; P,= Parent 2

44.6.2 5 Leaf Width

Comparatively among the groups of parental lines and checks, postrainy season-adapted
landraces- PRLR had maximum width (2.09 cm) followed by resistant checks (1.82 em), rainy season-bred resistant
cms lines- RBR cms (1.81 cm), resistant bred restorers- RBR (1.80 ¢m) and susceptible controls (1.81 cm).

Susceptible bred cms lines- SB cms (1,66 cm) had the lowest width of all parental line groups (Table 10; Fig.7).

Among hybrid groups, RBR cms x PRLR had maximum width (2.06 cm), and SB cms x RBR had
the lowest width (1.73 cm), However, the range among different groups of parents and consequently among

different hybrid groups was not large. The patterns being not consistent it was not possible to infer - the nature

of gene action (; ive/ domis / partial domi of the trait in the hybrid groups.
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4463 5™ Leaf Droopiness

Leaf droopiness of the susceptible line groups was also less than the resistant line groups and the
hybrid groups invelving susceptible line groups also had low leaf droopiness compared to others (Table 9). Among
the parental lines and checks, postrainy season-adapted landraces (PRLR) had highest drovpiness (11.32 em)
followed by resistant checks (10.63 cm). Both the susceptible parentalline groups (SB cms and SBR) had the least

droopiness (6.68 and 6.91cm) (Table 10; Fig.8).

Comparatively, among hybrid groups, highest droopiness was measured in RBR cms x PRLR
(1115 cm) followed by PRBR cms x PRLR (11.07 cm). Hybrid groups involving susceptible lines (SB cms x RBR,
RBR c¢ms x SBR, PRBR cms x SBR and SB cms x SBR) had least droupiness (8.24, 8.40, 8.50 and 8.54 ¢m
respectively) (Table 9), In all hybrid groups except those of RBR cms x PRLR, PRBR cms x PRLR, SB ems x
PRLR and SB cms x RBR, the droopiness in hybrids was greater than the highest parents group indicating over

dominance for droopiness, while in others it was dominant (Table 101 ).

Tuble 10b : Gene uction for §® feaf droopiness in various hybrid groups

5% Leaf droopiness (cm)

Cross P, P, Mid Parent Value Hybrid Gene uctlon for drowph
RBR cms x PRLR 719 132 9.26 1115 Dominant
PRBRcs xPRLR 7.4 132 9.5) no Dominunt

SBems x PRLR 6.68 132 9.00 9.04 Dominunt

RBR cms x RBR 719 196 7.58 9.42 Overdominant
PRBR cts x RBR 174 796 745 9.46 Overdominant
SBems x RRR 6.68 796 732 8.24 Overdominunt
RBR cmus x SBR 719 691 705 8.40 Overdominunt
PRBR cms x SBR 114 691 733 8.50 Over dominunt

SB ems x SBR 6.68 691 680 8.54 Overdominant

Py= Parentl; P,= Parent
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44.7  Unifomity in recovery

Uniformity in recovery was more during the pustrainy season (EIR and EIIR) compared to the

rainy season (EIK and E1IK).Among parental line groups, the susceptible line groups (SB cms and SBR) had the
least uniformity in recovery (5.56 and 4.83) than the resistant line groups. Among the hybrid groups, PRBR cms
xPRLR (2.79) and RBR cms x PRLR (2.88) showed the highest uniformity in recovery compared to other hybrid
groups. Among these two hybrid groups, the rainy season-bred resistant female lines involved-hybrid group
showed high uniformity in recovery during rainy season (2.48-EIK and 2.15-E11K) and the postrainy season-hred
resistant female lines involved-hybrid group showed high uniformity in recovery during postrainy season (2.70-EIR
and 2.69-EIIR). Wherever susceptible lines were involved (SIb cms and SBR), the corresponding hybrid showed
poor uniformity in recovery. This indicated that high uniformity in recovery was intermediate/ partially dominant
among crosses involving PRLR group of resistant parents and it was mostly recessive among all other crosses (Table

10; Fig.9)

Among crosses involving PRLR group as male parent, high uniformity in recovery was either
partially dominant or intermediate irrespective of female parent (Table 10¢). Whereas in the crosses involving

either SBR or RBR as male parent, low uniformity in recovery is partially i / domi / over di

Table 10¢: (Gene action for uniformity in recovery in various hybrid groups

Mid Parent Value Hybrid Gene uction for high! low recovery

RBR ¢ms x PRLR X 1 High recovery purtially dominunt
PRBR cms x PRLR X RX kX . High recovery partiully dominant
NBems x PRLR X . .5 Intermediate

RBR cms x SBR . X . . Low recovery dominant

PRBR cms x SBR . 3 . X Low recovery dominunt

RBR cms x RBR 3 . LX Low recovery overdominunt
PRBR cins x RBR X . Low recovery dominant

SBems x RBR . X & Low recovery partlully dominant

Py= Parent 1; P,= Purent 2
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44.8 Total Tillers

Total number of tillers produced were more during postrainy season than in rainy season. Among

parental groups and checks,

P checks prodi i number of tillers plant! (2.50) (Table 10;
Fig.10). Among cms groups the number of tillers plant* ranged from 1.74 - 2.47 and among restorer groups, 1.71-
2.35. Susceptible groups had more number of tillers than resistant groups. Among parental line groups, SB cms

produced maximum number of tillers plant” (2.47) and the PRLR group produced the least number (1.71),

Among hybrid groups, the tiller number ranged between 1.99 - 2.65. SB ems and SBR produced
maximum number of tillers plant* (2.65) followed by RBR cms x SBR (2.55), SB cms x PRLR (2.49), SB ¢ms x RBR
(2.47) and PRBR cms x SBR (2.42). PRBR cms x PRLR produced the least number of tillers plant (1.99),
Generally the crosses which involved susceptible parental lines produced more tillers plant”. As the range was

negligible, it was not possible to consider gene action for this trait.

449 Productive Tillers

Productive tillers plant” are more during postrainy season than in rainy season. In postrainy
season productive tillers plant” are more in EIR'(1.36) than in EIIR (1.15) (Table 11; Fig.11). Among cms groups
productive tillers plant” ranged between (.96 - 1,05 and among restorers between (.88 - 1.05. Among parental
groups, SB cms (1,05) and PRLR (1.05) produced maximum number of productive tillers plant”. Among hybrid
groups, the number of productive tillers plant” ranged from 1.02 to 118, As the range negligible gene action was

not considered for this trait.
44.10 Yield
The differences between the means of EIK, EIIK, FIR and EIIR were reflections of the severe ergot

disease due to continuous rains during flowering period in rainy season (EIK and FIIK) and severe bird damage

in postrainy season (EIIR). Hence only EIR trial is considered for interpretations.



20 %0 EVO 6 8% BE'S 29'C BI'E 08°61 96°62 791 Gb'e e e B &= A0 ST ¥ LE0

WKl BB R WY Y W@ I w0 K @R @n W w0 ST % W0 10

W0 0N W0 B0 L0 W0 L0 L0 T WSO OFE L K01 ' T WE &L S M RS 10 %0 L0 A0 e

@1 91 @1 Gl IE O R e L BN I EUGE I I & 6@ W@ AT e Y ST w0 1K) 0 10

ST R L WA W I WS W W Wl BT AT W' 19 WRISE W WL &) SR 6T BT BT

00 W0 WO M0 O 080 &' KT @7 A0 WS 0b BW GT v B8 SO SYEL BT Ll 910 %0 Xo U0 810
WL W Ere 98 R G218 BB W ICEL SIS B &S W VAl R LS B AL S e E0L LK EES .
o2 e @1 @ WA L B SN R W LR 09 8 & R M 0N 0N B 80 S0 B0 LB B s
©1 R @1 P16 K0 I G B I E ML I R R AT 69 EER B0 0080 L5°0 LE0 050 =
513)58]
o0 W0 W0 [0 O G0 &1 BT 0 A0 0 066 G SUS S 'S SOL eYEl B IIL S0 %0 F'0 U0 B0 o
@1 A1 @1 @ @ @ @ W WO A W@ WE WS L EW W 0 % . W W 50 65T B0 Bt o6
SR W T 0 WU e U L0 BU WU M EE WU KT R B2 FeE W WE AT B0 BT LS L0 0
g 2T T BT S W B YA SUW 0PN eEl U GIZ OIS A WU SRR CIE G0 WL W0 B0 BT 0 008 0 W
san
Wo W0 0 OF0 &N Y0 S0 6T OFT BNT0 BYZ Gy GrL 477 &2 52 BT Y T KT B0 B0 R0 W0 o ©
B W KT R L EVE IS® LW 05 WL R EE WK A0 WL LR WS B W0 W O KT e 0T as XS
A2 Wl 81 IE 2l T MR 0L 0B B KN @ WS L AT MR SUT RS AW AL 9 ST T el R
WA W R S KR W 0L 0FW I KR R RIS WL W 'R IR WS A1 W B B L Eo B XS
orT W T T T G MG STOL UL EBU SR ER OIS W N0 B2 BYR AW T G Al G0 CD B0 B SESRES
g1 2T 21 ST Ol LU I8 B N AW WE SE UES W B8 SR 882 G SO TEL 11T IS0 OTF EERO 006 X 50 4k
ol W @ T Bl AU 0 SR G A R LR W W T B LR Erh @ XU O W A B0 B X U
B S @1 S R N KB S 0 KL ERER WO L0 A SR R K B 0 0 0 G2 %o g WX
ol ol ET 1 1 R ST W' B BVEL 62 IS G CUEL WY L2 W2 By EVEL L' 011 LT R UKD X 58 4
w1l ET W1 1 O N EA BW ZU AR W @6 WU ©9 W KGR TE I RS 00T AL a0 0 8X S

s

vy W3 M3 WG M3 UM N3 M3 N3 M3 U N3 M3 N3 B U M3 M3 XD B W uE ¥ B on

strolb adijouzg

(%) 14ty Juerd

Buranof} 405 0f sheq

1

qverd b (D) prRTA

suepd b (INm WA

1=

| Jueld sia(1 ntionpoig

at_rtir 1 cunspas fuTT3 DUP NI AUTELNSOE OUE (N1T3 DUB T3) AUTEJ UT S.832e.eyd juerd pue siajawesed platk Joj sadkjousb mybios jo saddy snorseA Jo sueaw dnoig :17 21qe]



5 5 WParent 1 P1;
a b QParent 2 (P2
CHybrida (H)
Rainy Season (EIK) Postrainy Season (EIR)
4t 4
3+ 3 13
i
- p<
. L4
d H
2r 2r 3 R
4 , dhy
ot 1l
K
1+ 4L
¥
€ ‘ '
g pd
: b4
& URIREIRI DR B R o UL LR UE, £
1 Gt G2 G3 G4 G5 G8 G7 GB GChecks G G2 G3 G4 G5 G8 G7 G8 GSChecks
(]
s
- Mean of two seasons G1 = RBA cms (P1), RBA (P2), RBA cms x RBR (H)
4l
G2 = PRBR cms (P1), RBR (P2), PRBR ¢ms x RBR (H)
G3 = SBems (P1), RBR (P2), SB cms x RBR (H)
3

G4 = RBR cms (P1), SBR (P2), RBR crna.x SBR (H)
G5 = PRBR cms (P1), SBR (P2), PRBR cms x SBR (H)
G8 = SB cms (P1), SBR (P2), SB cms x SBR (H)

G7 = RBR cms (P1), PRLA (P2), RBR cms x PALR (H)
GB = PRBR cms (P1), PRLR (P2), PRBR cms x PRLR (H),

Ga = SBems (P1), PRLR (P2), SB cms x PRLR (H)

l Checks = Resistant (R), Susceptible (S)

Groups of genotypes

Figure 10.Mean total tillers/plant in parents and their hybrid groups (a) Rainy
season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons



25
a
Rainy Season (EIK)
2f
1510

o
o

o

[nd
o

Mean of two seasons

Productive Tillers/Plant

~
.
£

25 WParent 1 (P1

- &Parent 2 (P2
b CHybrid  {H)
Postrainy Season (EIR)

2 s

15 R

05 1

EEEEEREE

s
G1 G2 G3 G4 GS GB G7 G& GOChecks

§ G1 = RBR cms (P1), RBR (P2), RBR cms x RBR (H)

| G2 = PRBR cms (P1), RBR (P2), PRBR cms x RBA (H)
|

| G3 = SB ems (P1), RBR (P2), SB cms x RBR (H) |
|

I

| G4 = RBR cmas (P1), SBR (P2), RBRcme x SBR (H)

G5 = PRBR cms (P1), SBR (P2), PRBR cms x SBR (H)

G6 = SBcms (P1), SBR (P2), SB cma x SBR (H)

|

i G7 = RBR cms (P1), PRLR (P2), RBA cms x PRLR (H)

|

1 G8 = PRBR cms (P1), PALR (P2), PRBA cms x PRLA (H)’
|

: G9 = SBcms (P1), PRLR (P2), SB cms x PRLR (H)
i
| Checks = Resistant (R), Susceptible (3)

Groups of genotypes

Figure 11. Mean productive tillers/plant in parents and their hybrid groups (a) Rainy

season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons



70 70

MParent 1 (P1)
a RParent 2 (P2)
Rainy Season (EIK) Postramy Season (EIR) CHybrid  (H)
€
n
S0 50 |
il |
i K o
40 40
ARG d
30t 30 \
20 M Fi
)
Py
g 10
g J i
e , (KR | ! Bl
Q Gt G2 G3 G4 GS Gs G7 G8 GoChecks [}} 62 GI G4 G% GB 67 t‘.o GO Checks
z
Q2
T | e : o
g Mean of two seasons ' Gt = RBA cms (P1), RBR (P2), RBR cms x RBR (H) |
! |
‘ G2 = PRBR cms (P1), RBR (P2), PRBR cms x RBR (H) %
1
501 ; G3 = SBems (P1), RBR (P2), SB cms x RBR (H) i
i 1
1; G4 = RBA cms (P1), SBR (P2), ABA cms x SBR (H)
“ \
|

G5 = PRBR cms (P1). SBR (P2), PRBR cms x SBR (H)
G6 = SBcms (P1), SBR (P2), SB cms x SBR (H)

|
1
G7 = RBR cms (P1), PALR (P2), RBR cms x PRLR (H) ‘
G8 = PRBR cms (P1), PRLR (P2), PRBA cms x PRLR (H)}

Go = SBcms (P1), PRLR (P2), SBems x PRLR (H) |

N

Checks = Resistant (R) Susceptible (S) \

Groups of genotypes

Figure 12. Mean yield-UNI (g/plant) in parents and their hybrid groups (a) Rainy
season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons



mrarem )

KParent 2 (P2)
7 70 (Hybrd  (H)
L] b
wl Rainy Season (EIK) " Postrainy Season (EIR)
| 18
RH
50} 50f . o
o]
ol
4o0r 40 A
o o
%0t 301
!
20 20/
¥
o
o o
= 10} [}
: E
o o-RUEIELE : JKEEKKEERKEE
B,, GI G2 G) G4 G3 G8 G? G8 G9Checks G G2 G) G4 G5 G8 G7 GB G9Checks
<
'70
° - . - .
D c Gt = RBR cms (P1), RBR (P2), RBR cms x RBA (H)
5 el Meanoftwoseasons

G2 = PABRcms (P1), RER (P2), PRBR cma x ABR () |
s G3 = 5B cms (P1), RBR (P2), SB cms x RBR (H) |
G4 = RBR cms (P1), SBR (P2), RBR cma x SBR (H)
G5 = PRBA cms (P1), SBA (P2), PRBA cms x SBA (H)
66 = SB.cms (P1), SBR (P2), SB cma x SBR (H)

G7 = RBR cms (P1), PRLR (P2), RBR cms x PALR (H)

G8 = PRBR cms (P1), PALR (P2), PRBA cms x PRALR (H)

G9 = SBcms (P1), PRLR (P2), SB cms x PRLR (H) ;\

Chacks = Resistant (R). Susceptible (S) |

Groups of genotypes

Figure 13, Mean grain yield-| (g/plant) of parents and their hybrid groups (a) Rainy
season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons



Among the enus groups, the yield ranged from 32.15 - 44.21 (UN1) and 21.20 - 45.41 (1), It ranged
between 35.47 - 49.10 (UNI) and 32.60 - 54.60 (1) among restorers (Table 11; Fig.12 & 13). In both the cases the

susceptible groups- SB ems and SBR produced maximum yield in both infested and uninfested samples.

Among hybrid groups, SB cms x RBR produced lowest yield and the rest of the groups did not

differ significantly. Generally crosses which involved pustrainy season-bred resistant lines produced higher yield
than the hybrids involving rainy season-bred resistant lines in pustrainy season. In other words, in the hybrids

the susceptibility of parent did not account for yield, although among parents, susceptible parental line groups

yielded higher than resistant groups (Table 11),

44.11 Days to 50% Flowering

In general, the late planted postrainy season (EITR) took more days to S0% flowering compared
to EIK, ETIK and EIR. Among parental fine groups, the susceptible line groups (SB ems and SBR) took more days
to Rower than resistant line groups. Postrainy season-adapted kindraces (PRLR) group took least days (73.84) to

flower compared to others (Table 11; Fig.14).

In case of hybrids, there way significant difference among both rainy and postrainyseasons.

Interestingly where ever PRLR group were used as restorers, the hybrids were early in all locations/ seasons
including the Iate postrainy season. Crosses involving susceptible line groups (SB cms and SBR) were late

compared to others. Particularly, PRBR ems x SBR hybrids were late in all the four environments.

4.4.12 Plant Height

Usually all genotype groups were short in postrainy season than in rainy season. Among parental
line groups, the PRLR group were tallest (1.84 m) restorers and SBR group were shortest (1.22 m) restorers.

Among hybrids there was significant diference between rainy season and postrainy season. Generally where ever
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Gl = RBR’cma’(;I). RBR (P2).’HBR’cms XRBA (H)

G2 = PRBR cms (P1), RBR (P2), PRBR cms x RBR (H)
G3 = SBcms (P1), RBR (P2), SB cms x RBR (H)

G4 = RBR cms (P1), SBR (P2), RBR cms x SBR (H)

G5 = PRBR cms (P1), SBR (P2), PRBR cma x SBR (H)
G8 = SBcms (P1). SBR (P2), SB cms x SBR (H)

G7 = RBR cms (P1), PRLR (P2), RBR cms x PALR (H)
G8 = PRBR cms (P1), PRLR (P2), PRBR cms x PRLR (H|

G = SBcms (P1), PRLR (P2), SB cms x PRLR (H)

Chacks = Resistant (R), Susceptible (S)

Groups of genotypes

(EIK) (b) Postrainy season (EIR) (c) Mean of two seasons




PRLR group was used as restorer the hybrids were tall in all locations/ seasons (Table 11; Fig.15).

4.5. GENERAL (GCA) AND SPECIFIC COMBINING (SCA) ABILITY EFFECTS

Combining ability analysis helps the plant breeders in selecting the parents and the breeding
method to be employed for the improvement by providing information on the genetic nature of the characters.
General combining ability (GCA) refers to the average performance of a line in a series of crusses, while the specific
combining ability (SCA) refers to the deviation in the performance of a cross that would be expected on the basis
of the average performance of the lines involved and is attributable primarily to dominant and epistatic effects
(non-additive effects) of genes. For improvement of self pollinated crops, high SCA effects of a particular cross
combination will be useful if it is accompanied by high GCA effect of the respective parents, unlike the cross

pollinated crops where predominant SCA effects are of primary consideration (Raghavaiah and Joshi, 1986). These

observations are applicable to sorghum which is « self pollinated crop. The GCA and SCA effects computed for
24 parental lines and 144 hybrid combinations for the selected variables for rainy (EIK) and postrainy (EIR) season

experiments are given in Tables 12 to 16,

4.5.1 Early Seedling Vigour

In rainy and postrainy seasons, highly significant (GCA effects were noticed amony lines and
testers. The estimated effects ranged from -0.85 to 1.62 and from -1.12 to 1.20 during rainy and postrainy seasons

respectively (Table 12; Fig.16).

Lines, SPSFR 94002A (-0.52), SPSFR 94031A ( -0.74), SPSFPR 94002A (-0.63) and SPSFPR
94007A (-0.65) in rainy season and SPSFPR 940074 (-0.61) and ICSA 20 (-0.89) in postrainy season recorded high
negative GCA effects (desirable). ()f the four female lines with the desirable GCA effects in rainy season, two were
bred under rainy season, and two were bred under postrainy season for shoot fly resistance. Among the two female
lines selected for postrainy season, one was bred under postrainy season for shoot fly resistance and one was from

susceptible female lines.



Table 12: Estiation of General Conbining Ability (GA) effects of parents for dierent characters associated vith shoot

fly resistance
Early seedling Glossiness Bgg count Dead hearts  Trichone density
SMo.  Cenotypes vigour (%) )
KR HK PR Bk ER BK IR BREIR
LINES
R cas
1 SPSFR 4002 <0524 0.3 047 0814 -0.02 0408 -4190 9764 3.9 1613
1 SPORR 94000 0.04 0.2 0.0 L 2027 -0S5H 000 -1L00M 0 426
1 SPSRRo400A  -0.%3 0.5 0.8 -0.6) -0 000 L9 082 150 2.4
4 SPSPROOIA  -0.74M 045 -LOME .88t 006t 0.5 -4.61%t 13934 10.55 646
ERER cas
5 SPSPPR S400IA L3 1204 162 078 0,05 <0364 <022 <072 19018 54,108
6 SPSPER MO0 -0.631 Q.16 -006M L2 <Qdlet 0,660 090 12044 127884 218644
7 SPSPER 94005A 0.2 -0.42  -0.84m 0884 <028 -0.16 015 -4 9.4 465
§  SPSPER 940074  -0.65% 0614 1.4 2990 0314 07040 2,00 14,004 Dpe 150
$B cas
9 I <007 -89 L2 0.5 1,084 0,19 4594 70644 -22.004 18,0044

10 ICsA 83001 Le 0.0 2484 2004 <008 LI 007 161248 19554 307744
11 1CSh 83004 031 <031 LJgH L2SH 042 044k 3016 111G 12094 -16.7544
12 105k 90002 20,00 003 0704 189 0818 0724 3544 150484 19,2264 209944

TESTERS
1Iesvm 000 056t 0.6 <000 0.4 020 053 LAl 2046M 26,4
1 ISV 83088 <0.604 <039 L0 047 <007 0094 -4.60H -1279M 20,754 4,094
3 Ie5v 63015 0.9 008 <037 05 <002 005 022 Al <02 -0
4 ISV 89030 095 0.89% 0.9 -0 030 006 -0.61 475 700 519
SBR
5 I08R 83076 04668 0,690  LATH L3 0080 071 LAL 1139 9786 -13,008
6 ICSR 90002 0600 0,06 LG4 128 0g 001 A70M S AN 154
7 ICSR %0005 032 036 LI LIS 0.4 0.09M .60 10,0740 -17.856 -19,178
8 ICSR o014 0.5 016 LI 06 022 0.5 280t 477 10354 1395

PRR
9 I6R 93031 T T W T I L I R YL B 7 I A B
10 IesR s30ul 5 000 L LB 008 00 L A 8
11 ICsR 93009 042 <042 AT -LOg 002 007 3O 638 248 048
12 ISR 93000 Q5 LI .98 0.6 0.00 .44 A7 -lafm T A

set (gi) 018 oM 00 036 015 61 LU %5 Ne 8L
Sl;(qi-qj) 05 0d 08 0l [/ S S (AR /S BV A e B 8 4

Contd..



fable 12:  Contd..

Sth Leaf Length  Sth Leaf Width  Sth Leaf Droopiness  Uniformity in
SMo.  Genotypes (ca) (ca) (ca) recovery
BKER BK IR K IR MK IR
LINES
RBR cas
1 SPSPRO4002 078 -0.56  0.02 0.0 0.0  -0.09 0.5 0.628
1 SPSPRG4003A 007 L1t .05 ~0.0 0.00 0.6 -0.07 0.1
3 SPSPROGAOOLA L1228 0.2 002 054 <0650 -0.6244 0,684t
4 SSPROGIOIA 208 008 0.09  -0.03 L0 009 LS 0.1
PRER cas
5 SPSPER QA00IA <2634 -0.564  -0.20% 0,05 -LOT# 71 099 0.4
6 SPSTRR 400 025 123t 000 0.5 0.5 033 0764 -0.60%
7 SPSTRROAOOSA  L29  LedM 0174 -0.06 0.5 0.2 076+ -0.24
8 SPSFRR GA0OTA 2784 224 014 0.04 1024 0,834 -L18% -0,654
58 cas
9 I8 20 0.0 A6 005 0.09 0.5 Le L2 0.4t
10 T08A 89001 2614 ~0.78  -018M 005  -LOSH 057 2264 0.9344
11 1589004 LSt -0.01 008 002 <0.69 012 1164 -0.18
1 IeAS0002 L6 091 <000 <006 <067 0.9 0.0 0.3
TESTERS
RER
1 IV 061 Lo 000 0,00 0.1 0 035 0.0
2 ICSV 88088 0.9 072 004 0.02 0.7 005 -0.9884 -0.46¢
1 IesV 89015 0.2 -85 0.09  -0.13 0.4 094 002 -0.15
4TV 89030 <042 A5 <000 -0 020 LM 005 0.2
SBR
S TOR8907%  -LASH <2604 009 <005 063 -Lide 0704 1,264
6 ICR90002 086 0.7 008 0.0 RRVARE ] L6l 0.49¢
7 ICRO0005 <231 -0.85  D.l4E <004 A8 047 L4 0,15
8 ICSRS00M  -L09  -LOSt 009  -0.03 45 050 LA 0n
PRIR
9 Iesk %03 L LA5H 009v 0.3 0,62 120 -LOle 043
10 ISR 93010 1456 2854 0,07 -0.01 056 105 0,824 0714
1 Te5R 93009 042 27 005 0.0 0.4 LSBT 03 -0.2%
12 1658 93010 2074 367 0200 0.2 0.8 L5 <1014 0,550
St (1) 070 051 006 0.8 031 0.4 018 0.
SEelgi-gj) 0.9 072 008 0.2 [RTRE %Y 0.2 030

+ Significant at § per cent level; b Significant at 1 per cent level
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fable 15: Estinates of specific conbining ability (SCA) effects of crosses for leaf paraueters and recovery rating

Sth Leaf Length  Sth Leaf Width  5th Leaf Droopi- Uniformity in
§.Ko. Genotypes (ca) (@) Tess (ca) Tecovery
Bk EIR BK PR EE EIR K ER
ROR cas x BER hybrids
1 SPSFR 940024 x ICSV 712 100 8 -0.01 0.2 0.9 0% 0.00 005
2 SPSFR 940024 x ICSV 88088 -1.02 -0.68 =006 0,12 0.6 <079 <038 -0.11
3 SPSFR 940024 x ICSV 89015 145 -4,00¢ 0.41F 0,49 071 <001 <005  0.67
4 SPSPR 940020 x ICSV 89030 <L <006 0.01 -0.08 0,91 -0.02 010 -0.61
5 SPSFR 940034 x ICSV 712 11 0 0.18 0.0 0.65  0.19 0.9 0.8
6 SPSFR 94003A x ICSV 88088 -140 -0.U =01 -0.07 -0.63 0,04 -L01  -0.06
7 SPSPR 94003A x ICSV 89015 102 -0.% -4 015 0.5 -0.45 -0.68 -0.82
§  SPSR 94003A x ICSV 89030 L1 uls 03 ol 0,63  0.81 0.00  -1.00
9 SPSFR 940014 x ICSV 712 L3 an 0.1 -0.07 -0.52  -L.6T 0.5 1AT¢
10 SPSFR 94001A x ICSV 88088 0.5 0.60 -0, 007 0,03 <009 -0.36 1424
11 SPSPR 94001A x ICSV 89015 DR /DR <009 0.4 <097 -0.8¢ 040 -0.47
12 SPSPR 94001A x ICSV 89030 <096 445t <001 0L <004 21w L1000 -6
13 SPSPR 940314 x ICSV 712 .65 017 <017 04 SL7Y 005 <002 -0.46
14 SPSPR 94031A x ICSV 88088 =200 191 -0.30 038 060 027 -0.41 0,62
15 SPSPR 94031A x ICSV 89015 <106 0.38 0.0 -0.16 0.4 -0 015 -0.18
16 SPSFR 94031A ¥ ICSV 89030 20 4 010 015 0.57  1.60 0.06 -0.12
PRR cas x RBR hybrids
17 SPSPPR 94001A x ICSV 712 <L 0,50 010 0.2 -0.59  0.60 0.5 -0.27
18 SPSPER 94001A x ICSV 83088 <15 -0.59 -0.05  -0.00 <035 0.8 -0 0.8
19 SPSPPR 94001A x ICSV 89015 0,20 -2.%4 <016 «0.12 «0.00 <077 -0.38 140
20 SPSFPR 94001A x ICSV 89030 7,084 -0.86 0.4 0,02 L1 -0,10 0.04  -0.85
20 SPSPPR 94002A x ICSV 712 =299 =159 0,03 -0.07 -0.97  -0.82 0.62 0,29
22 SPSFPR 94002 x ICSV 88088 190 -2.05 0,574 0,13 0.92 -0 <039 0.9
23 SPSPPR 94002 x ICSV 89015 L5 -0 0,06 047 <087 -y L Lol
24 SPSPPR 940024 x ICSV 89030 240 4der <002 0L 0.97 LAl <093 154
25 . SPSPPR 94005 x ICSV 712 0.9 L1 -0 0l -0,20  0.64 012 -Ll0
26 SPSFPR 94005A x ICSV 88088 LR N/) 0.10 0.0 -L15 106 106 L4
21 SPSFPR 94005A x ICSV 89015 S B 040 0,884 167 2600 <038 2854
28 SPSFPR 940054 x ICSV 89030 9 1 0.7 0l 150 0.9 079 L0
29 SPSFPR 94007A ¥ ICSV 712 <L 010 011 0,08 <106 0.4 040 0.5
30 SRSFPR 94007A x ICSV 88088 1.6 0.4 -0.18  -0.06 0.5 008 L2 0.1
31 SPSFRR 940074 x ICSV 89015 0.82 <238 015 019 0.97 -9 010 0.43
32 SPSFRR 94007A x ICSV 83030 146 LY 0.00 0.5 0.8 032 <015 0.4




Sth Leaf Length  5th Leaf Width  5th Leaf Droopi- (Uniforaity in
$.Mo. Genotypes (ca) (ca) ness (ca) recovery
EK ER Bk ER Bk IR EK BIR
SB cas ¥ RBR hybrids
33 ICSA 20 X 16V 712 0.2 081 <016 0,03 0.2 06 043 -L0L
W I0sA 20 x ICSV 88088 095 15 (BTN BI 0,29 092 -0.92 -l.40
35 105 20 ¥ ICSV 89015 092 0.48 016 -0.26 039 046 0.8 0.9
%6 IC8A 20 x 105V 85030 <106 0,40 0.05 025  -0.69 -0.20  0.54  0.82
17 ICSA 89001 x IeSV 712 0.87 <005  -0.23 -0.01 0.2 015 -0.52  -1.56¢
38 ICSA 89001 X ICSV 88088 <165 0.8% 01 ol 060 017 009 0.0
39 ISA 89001 x ICSV 89015 Lo 043 <019 009 <035 <039 01 om
40 ICSA 89001  x ICSV 89030 L0 0.7 0.00 -0.03 <011 010 090 -l
A1 ICSA 89004  x ICSV 712 0.2 4% 007 -0.27 0.00 0.9 043 -0.38
42 ICSA 89004  x ICSV 88088 517 0% 015 012 2200 040 <088 -0.35
43 1CSA 89004  x ICSV 89015 -l -390 -0.28 -0.30 0.8 -l 050 0.8
44 ICSA 89004  x ICSV 89030 5.80¢ 348t 035 0.4) 250t 140 -0 -0.62
45 ICSh 90002  x ICsV 712 0.5 1.0 0.14  0.06 0.0 0.8 012 LIS
46 ICSA 90002  x ICSV 88088 R %) SRS Y/ /B M & -L8 011 Lt 087
47 ICSA 90002 x ICSV 89015 <40 068 <017 -0 -l 03 -0 LM
48 ICSA 90002 x ICSV 85030 042 -8 0.8 -0.2 <08 077 040 L6et
RER cas x SBR hybrids
49 SPSFR 940024 x ICSR 85076 40 2.8 02 0.2 047 L3 056 -1.51
50 SPSFR 94002 x ICSR 90002 =60 057 <031 Q5 <208 02 017 0n
51 SPSPR 940024 x ICSR 90005 S50 -6 <021 0.6 <043 <000 <50 0.4)
52 SBSPR 940024 x ICSR 90014 <179 -LSL -0.08 0,05 0.5 -L0l 064 LIS
53 SBSPR 94003A x ICSR 89076 152 0.7 0.06 0.0 0.0 -0.58 050 0.0
54 SPSPR 940034 x ICSR 90002 070 0.54 00 0.0 039 0.3 2514 071
55 SPSFR 940034 x ICSR 90005 <157 18 010 0.0 -0.42 159 086 -L.65t
56 SPSFR 94003A x ICSR 90014 090 -LM 0.00  -0.26 0.3 -l -5 L0
57 SPSFR 94001A x ICSR 89076 49 197 03 0% 240t 0.4 <080 -L10
58 SPSPR 94001A x ICSR 90002 S04 <L <04 0.0 <107 <092 -L1S 051
59 SPSPR 94001A x ICSR 90005 280 4T 000 019 108 21mt <005 0.0
60 SPSPR 94001A x ICSR 90014 148 547 026 -0.19 LI L8 03 00
61 SPSPR 94031A x ICSR 89076 278 A% 00 030 -LES LM 106 160t
62 SPSFR 94031A x ICSR 90002 SL4) T8 001 <042 <067 <265 100 010
61 SPSPR 94031A x ICSR %0005 0.0 -an 0.00 -0.14 0.00 -1.45 247 0.54
64 SPSR 94031A x ICSR 90014 0.5 <032 <029 <025 022 <035 081 026

Contd. .



Contd. .

Sth Leaf Length  Sth Leaf Width 5tk Leaf Droopi- Uniforaity in
Suko. Genotypes (ca) (ca) ness (ca) recovery
Bk EIR Bk BIR Bk EIR Bk EIR
PRER cas x S8R hybrids
65 SPSPPR 9400LA x ICSR 89076 14 o2 0.05 0.0 0.8 0.4 <00 .02
66 SPSPER 9400LA x ICSR %0002 <265 669t 0,03 0.0 L4 LI 0,03 -1.85¢
67 SPSPR 9400LA x ICSR 90005 40 -0 -0.07 0 <135 0.08 0.70 146t
68 SPSPPR 94001A x ICSR 90014 <4 =001 0.4 0.2 L -2 L
69 SPSPPR 940024 x ICSR 89076 5.6t 0,06 025 0% 20t 030 -l -0.32
70 SPSFBR 940024 x ICSR 90002 L oun -0.00 0.0 LISt 097 -0.80  -2.04t
71 SPSPPR 940024 x ICSR 90005 1 a9 0.00 0.02 0.8 L6t -2 0.40
72 SPSPRR 94002A x ICSR 90014 5.06 0.6 0,26 -0.09 L5 006 <053 -L15
73 SPSPPR 94005A x ICSR 89076 47 -heet <016 -0.51 <005 =00t 0.2 L.60¢
74 SPSPPR 94005A x ICSR 90002 04 022 a0 0.0 -0.04 073 -0.57
75 SPSFER 94005A x ICSR 90005 L8 L2 <009 043 <062 -0.30 0.95 0.1
76 SPSPPR 94005A x ICSR 90014 <040 2.2 0.2 0 0.5 08 -0 -0.07
77 SPSPRR 94007A x ICSR 89076 <09 0% 000 -0.14 0.2 <014 040 LI
78 SPSPER 94007A x ICSR 90002 0.2 <295 <000 <025 <040 -1.38 04 0.8
79 SPSPER 94007A x ICSR 90005 -5 1.8 <011 -0.20 -0 0.8 110 -0
80 SPSPBR 94007A x ICSR 90014 S5 097 -0.00 0.0 <093 0.5 0.85  L.5¢
$B cas X SBR hybrids
8L ICSh20 x ICSR 83076 642 278 041t -0.01 297 131 LS 0.0
82 I x ICSR 90002 0.08 <5744 <009 0.4 003 <2 -0.59 0,04
8 ICh 2 X TCSR 90005 15 LIS 0,10 -0.05 0.67 043 -Ll§  -0.60
84 ICSA 20 x ICSR 90014 JO8) G W Y] 0.05 0.3 078 .um <11 -L8u
85 ICSA 89001  x ICSR 89076 <082 654 -0.08 0.5 0,03 Jdee 112 -0.90
86 Ish 89001  x ICSR %0002 R W) <031 0.06 sLI2 <050 -0.60  -0.40
87 ICSA 89001  x ICSR %0005 0.8 168 0,04 0.1 <058 055 2,294 0,62
89 IS 89001  x ICSR 90014 AN 0,35 0.4 186 L2 <07 0
89 ICSA 89004  x ICSR 89076 058 014 <001 015 <007 0l -0.60 LY
90 ICSA 89004  x ICSR 90002 0,04 -0.79 0 ot [ USSR 1764 0.65
91 ICSA 89004  x ICSR %0005 15§ -0.70 0,00 -0.21 043 0.05 076 0.9
92 I0SA 89004  x ICSR 90014 <L <Ll <017 -0.55 <108 0.6 -0.82  -0.62
93 ICSA 90002 x ICSR 89076 -2 -l -0.28  0.08 -5 LT <057 051
90 ICSA 90002 ¥ ICSR 90002 200 L66 0.09 0,12 07 LS <L LD
95 ICSA 90002  x ICSR 90005 0. 0.5 0.05  -0.20 008 LA LI LA
96 ICSA 90002  x ICSR 90014 PRV W] 0,30 -0.04 087 04l 013 0.9

Contd..



SthLeaf Length St Leaf Width  Sth Leaf Droopi- (Uniforaity in
$.Ko. Genotypes (ca) (c) ness (ca) recovery

BEBR Bk ER ER ER R PR

RBR cas x PRIR bybrids

97 SPSFR 940024 x ICSR 93031 3,00 <226 0.41¢ 0,10 109 -0.80 -1+ 0.85
98 SPSFR 94000 x ICSR 93011 199 -0.2 0.07 -0 L 02 03 00
99 SPSFR 940024 x ICSR 93009 Ly L 012 0n 108 020 -0.82 -0.87
100 SPSFR 940024 x ICSR 93010 <0.5 013 074 0,06 -0.01 035 057 -0.49
101 SPSFR 94003A x ICSR 93031 75 LY 05 0le -0 2,04 0.9 -0.8)

102 SPSPR 94003A x ICSR 93011 A2 A w2 -l 008 <035 0N
103 SPSPR 940034 x ICSR 93009 6,208 0,66 [ ] W0 <05 -0
104 SPSER 94003A x ICSR 93010 000 -<2.40 0.02 -0.03 <009 -L1S 007 -0.54
105 SPSFR 94001A x ICSR 93031 SLI6 248 <049 019 -Le2 LY 13 00
106 SPSFR 94001A x ICSR 93011 S5 Ll <09 <000 Tt -0 Lt L

107 SPSFR 940014 x TCSR 93009 20 0.2 003 -0.28 Lo 057 0.7 0.3
108 SPSFR 940014 x ICSR 93010 SLSL L S0l <006 S0 -Lser -0 0.7
109 SPSFR 940314 x ICSR 93031 0.9 L97 0.9 -0.30 0.8 035 LSt 15
110 SPSFR 940314 x ICSR 93011 0.6 0.00 <014 -0.12 0.3 0. 087 0.3
111 SPSPR 940314 x ICSR 93009 14 L1l 0.10 0.4 L4 047 0 007
112 SPSFR 94031A x ICSR 93010 “.10 -0.91 0.0 <032 -LW <01 -0 0l

PRER cas ¥ PRIR

113 SPSFPR 94001A x ICSR 93031 48 LD 027 0 L5 05 0.0 LR
114 SPSFPR 94001A x ICSR 93011 46 L% 022 0.0 -L5 -L.08  -0.88  0.35
115 SPSPPR 94001A x ICSR 93009 -8 ALt 03 005 L3 L3 009 L3S
116 SPSPRR 94001A x ICSR 93010 -l L 03 oM -0 L LS 007
117 SPSPPR 94002 x ICSR 93031 013 0.5 0.00 0.4 0.0 <005 012 -0.46

118 SPSFPR 940024 x ICSR 93011 439 0.0 0.0 0.04 206 009 0Ll -0.85
119 SPSPPR 940024 x ICSR 93009 240 <5664t 009 -0 037 <2060 0.87 L6t
120 SPSFR 94002A x ICSR 93010 400 L7 -0t 031 2 -0 057 038
121 SPSFRR 94005A x ICSR 93031 <093 <L <032 -0l <080 -l 00 L3S
122 SPSFPR 94005A x ICSR 93011 7,088 1,67 038 017 L3107 0.8 <015

123 SPSPER 94005A x ICGR 93009 339 6.8t 0.05 0.4 140 2054 -Lagt <L
124 SPSFRR 94005A ¥ ICSR 93010 180 508 <001 030 100 -0.03 045 0.3
125 SPSFPR 94007A 1 ICSR 93031 Sl 207 <025 030 096 <093 -L02 -0.80
126 SPSFRR 94007A x ICSR 93011 300 -4t 0,06 -0.15 142 -0 0% LM
127 SPSFRR 94007A x TCSR 93009 <051 +0.62 003 -0.00 <032 -L09 065 -0.54
128 SPSFPR 94007A x ICSR 93010 <1434 0.06 000 -0.24  -2.64 080 0.2 -0.04

Contd. .



Contd...

. Sth Leaf Length  5th Leaf Width  5th Leaf Droopi- Uniforaity in
3o, Genotypes (cn) (ca) ness (ca) recovery
EK ER Bk ER EIK  EIR Bk ER
SB cas x PRIR hybrids
19 ICSA 20 X ICSR 93031 L -0.50 . 0.8 097 -1 0.01  -0.57
130 ICSA 20 X ICSR 93011 “L0¢ 105 -0.08 012 <058  -0.10 Lt -0.04
131 ICSA 20 x ICSR 93009 <030 154 012 -2 0.06 0.4 103 -0.51
12 ICA 20 x ICSR 93010 “050 1.6t 013 0.3 -1.2% .08 045 0.2
133 ICSA 89001  x ICSR 93031 48 -4 022 -0.08 -l 034  L.6dt
134 ICSA 83001  x ICSR 93011 192 1% 012 -0.10 L1y L2 -Lo o -0.20
135 ICSA 89001  x ICSR 93009 5.7 44 047 0.18 147 160 -0.82  -2.09%
136 ICSA 89001  x ICSR 93010 <19 091 041 0,17 -6 -0 0 L0
137 ICSA 89004  x ICSR 93031 0.58 -8 0.3 -0.65¢ 004 L7508 -L30
138 ICSA 89004  x ICSR 93011 L L 0.8 -0.22 01 L3 0.3 -lan
139 ICSA 893004 x ICSR 93009 363 268 0.47¢ -0.11 078 120 101 -0.84
140 ICSA 89004  x ICSR 93010 075 -L68 0.1 0.4 044 154 040 0.5
140 ICSA 90002  x ICSR 93031 6,264 0,80 0,574 -0,2 <23 0. 098 0.3
142 ICSA 90002  x ICSR 93011 0.97 2.9 0,01 <0.02 019 L4 030 -0.00
143 ICSA 90002  x ICSR 93003 -4 0,66 -0.04 204 -1 0.8 L4t -0.22
144 ICSA 90002  x ICSR 93020 =204 <5284 -0,06  ~0.51 <059 <242t 04 2,554
SE +(gi) Ry 0.0 030 L0708 0.67 01
SE *(gi-g3j) M50 0 0 LROL 0% L0

t Siqniticant at § per cent level; ** Significant at 1 per cent level
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Figure 16. General Combining Ability (GCA) effects of parents for early
seedling vigour in rainy (EIK) and postrainy (EIR) seasons



Amaong testers, [CSV 88088 (-0.60), ICSR 93031 (-0.54), ICSR 93011 (-0.65) and ICSR 93010 (-
0.85) in rainy season and ICSR 93031 (-0.64) and ICSR 93010 (-1.12) in postrainy season exhibited high negative
GCA effects (desirable). Among the four male lines selected for rainy season, one was from resistant bred restorer

lines and three were from i dapted land Similarly the two male lines selected under

postrainy season, were i son-adanted tand,

Statistically significant SCA effects were noticed among hybrids for both rainy and postrainy
seasons. The estimates of SCA effects ranged between -1.68 to 2.01 in rainy season and -2.72 to 2.92 in postrainy
season, Significant negative SCA effects (desirable) were shown by SPSFR 94001A x ICSV 88088 (-1.68), SPSFR
94002A x ICSR 90005 (-1.60), SPSFPR 94002A x ICSR 90005 (-1.50), ICSA 20 x TCSV 88088 (-1.40), and SPSFPR
94005A x ICSR 93009 (-1.28) in rainy season and SPSFPR 94001A x ICSR 90002 (-2.72 ), SPSFR 94001A x ICSV
89030 (-2.31), ICSA 20 x ICSR 89076 (-1.86), SPSFR 94001A x ICSR 90005 (-1.78), ICSA 20 x ICSR 90014 (-1.78),
1CSA 90002 x ICSV 712(-1.72) and ICSA 20 x ICSV 88088 (-1.69) in postrainy season, OF the five hybrids selected
under rainy season, twa were developed on rainy season-bred resistant female lines, two were based on postrainy
season-bred resistant female lines, and one was developed on susceptible bred female line. (Of the seven hybrids

selected under postrainy season, two

ped on rainy season-bred resistant female lines, one was developed

on postrainy season-bred resistant female line, and four were based on susceptible bred female lines (Table 14).

452  Glossiness

Significant GCA effects were noticed among lines and testers during rainy and postrainy seasons,
‘The estimates of (GCA effects for lines and testers ranged from -1.93 to 2.48 in rainy season and from -2.99 to 2.39

in pustrainy season (Table 12; Fig.17).

Among lines, SPSFR 94002A (-0.87), SPSFR 94003A (-0.94), SPSFR 940014 (-0.82), SPSFR
94031A (-1.93), SPSFPR 94002A (-0.76) and SPSFPR 94005A (-0.84) in rainy season and SPSFR 940034 (-1.11),
SPSFR 94031A (-0.38), SPSFPR 94002A (1.22), SPSFPR 94005A (-0.88) and SPSFPR 94007A (-2.99) in postrainy
season showed highly significant negative GCA effects (desirable). Amony six female lines selected under rainy

season, four were from rainy season-bred resistant female lines, and two were from postrainy season-bred resistant
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Figure 17. General Combining Ability (GCA) effects of parents for glossiness
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female lines. Of five female lines selected under postrainy season, two were from rainy season-bred resistant female

lines, and three were from postrainy season-bred resistant female lines,

Testers, ICSV 712 (-0.61), ICSV 88088 (-1.09), ICSR 93031 (-1.06), ICSR 93011 (-1.20), ICSR
93009 (-0.77) and ICSR 93010 ( -0. 98) in rainy season and ICSR 93031 (-0.77), ICSR 93011 (-1.80) and ICSR
93009 ( -1.08) in postrainy season exhibited high negative GCA effects (desirable). Among six male lines selected

under rainy season, two were from resistant bred restorers, and four were p iny season-adapted landi

All the three lines selected during postrainy season were from p iny season-adapted landi

Significant SCA effects were exhibited by hybrids during rainy and pestrainy seasons. The
estimates of SCA effects ranged between -3.40 to 3.1 during rainy season and between -2.31 to 3.52 during
postrainy season (Table 14). Significant negative SCA effects (desirable) were shown by SPSFR 94002A x ICSR
90005 (-3.40),]CSA 90002 x ICSR 90002 (-2.34), ICSA 20 x ICSR 90002 (-2.03), SPSFPR 94002A x ICSR 90005
(-1.77), and SPSFPR 94002A x ICSR 90014 (-1.38) during rainy season. Except SPSFR 94031A x ICSR 93031 (-
3.03), nane of the hybrids exhibited significant negative SCA effects during postrainy season. Of five hybrids
selected under rainy season, one was developed on rainy season-bred resistant female lines, two were developed on

susceptible bred female lines and two were based on postrainy season-bred resistant female lines (Table 14).

453  EggCount

During rainy and postrainy seasons highly significant GCA effects were noticed among lines and
festers. The estimated effects ranged from -0.43 to 1,08 in rainy season and from -0.73 to 1.17 in postrainy season

(Table 12; Fig.18).

Lines, SPSFR 94001A (-0.43), SPSFR 940314 (-0.36), SPSFPR 940024 (-0.41), SPSFPR 940074
(-0.31) in rainy season and SPSFR 94003A (-0.51), SPSFR 94031A (-0.45), SPSFPR 940014 (-0.36), SPSFPR
940024 (-0.66) and SPSFPR 94007A (-0.73) in postrainy season exhibited high negative GCA effects (desirable).

OFthe four lines selected under rainy season, two were from rainy season-bred resistant female lines, and two were
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Figure 18. General Combining Ability (GCA) effects of eggs/plant for parents in

rainy (EIK) and postrainy (EIR) seasons



Of the four lines selected under rainy seuson, two were from rainy season-bred resistant female lines, and two were
from postrainy season-bred resistant female lines. Among the five lines velected under postrainy season, two were

from rainy season-bred resistant female lines and three were from postrainy season-bred resistunt female lines.

Among testers, [CSV 89030 (-0.30) and ICSR 93009 (-0.32) during rainy season and ICSV 88088
(-0.39), ICSR 93031 (-0.46), ICSR 93011 (-0.31) and ICSR 93010 (-0.34) during postrainy season showed highly
significant negatise GCA effects(desirable). Of the two lines selected under postrainy season, one was from resistant
bred restorers and the other was from postrainy season-adapted landraces. During postrainy season among four

lines selected, one was from resistant bred restorers and three were postrainy season- adapted landraces,

Significantly high SCA effects were noticed for hybrids during rainy and postrainy seasons, The
estimates of SCA effects ranged from -1.65 to 2,12 in rainy season, and -1.57 to 2.33 in postrainy season (Table 14).
Signilicant negative SCA effects (desirable) were noticed among SPSFR 94002A x ICSR 90005 (-1.65), ICSA 20
x ICSR 93009 (-1.19), ICSA 90002 x ICSR 89076 (-1.16) and SPSFPR 94002A x ICSR 90002 (-1.13 ) during rainy
season, and ICSA 20 x ICSR 90002 (-1.57), ICSA 20 x ICSR 89076 (-1.32), ICSA 89001 x ICSV 712 (-0.99), SPSFR

94031A x ICSR 90002 (-0.97), ICSA 90002 x ICSR 90014 (-0.91), SPSFR 94031A x ICSR 93031 (-0.89), SPSFPR

94007A x ICSV 89015 (-0.83), SPSFR 94003A x ICSR 90002 (-0.83), SPSFR 94003A x ICSR 90014 (-0.83), SPSFR
94031A x ICSV 89015 (-0.81) and SPSFPR 94007A x ICSR 89076 (-0.81) during postrainy season, OF the four

hybrids selected under rainy season, one was developed on rainy season-bred resistant female line, two were

developed on susceptible bred female lines and one was ped on iny Dbred resistant female lines,

Of the eleven hybrids selected during postrainy season, four were developed on susceptible bred female lines, five

were developed on rainy season-bred resistant female lines and two were ped on postrainy bred

resistant female lines (Table 14).

4.54  Deadhearts

During rainy and postrainy seasons significant (GCA effects were noticed among lines and testers.
During rainy season the estimates of GCA effects ranged from -4.69 to 4.59 and during postrainy season between

-14.22 10 16.12 (Table 12; Fig.19).
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Amaong lines, SPSFR 940024 (-4.19), SPSFR 940314 (-4.61) in rainy season and SPSFR 94003A
(-11.00), SPSFR 940314 (-13.93), SPSFPR 94002A (-12.14) und SPSFPR 94007A (-14.22) in postrainy season
exhibited significant negative GCA effects (desirable). Among these lines, two lines selected during rainy season
were from rainy season-bred resistant female lines, and among: the four lines selected during postrainy season, two

were from postrainy season-bred resistant female lines and two were from rainy season-bred resistant female lines.

Testers, [CSV 88088 (-4.69) and ICSR 93009 (-3.32) in rainy season, and ICSV 88088 (-12.79),
ICSR 93009 (-6.38) and ICSR 93010 (-12.64) in postrainy season showed significant negative GCA effects
(desirable). Among the two male lines selected during rainy season, one wis from resistant bred restorer and the
other was from postrainy season-adapted landraces, In addition to the above lines selected during rainy season, one

more landrace was selected for postrainy season.

During rainy and postrainy seasons, significant SCA effects were noticed for hybrids. Among the
hybrids the SCA effects ranged from -11.84 to 10.23 (rainy season) and -28.62 to 43.32 (postrainy season).
Significant negative SCA effects (desirable) were noticed for SPSFPR 94005A x ICSV 712 (-11.84), 1CSA 20 x
ICSR 93009 (-10.11) and SPSFPR 94001A x ICSV 89030 (-9.92) during rainy season and for SPSFPR 94005A x
1CSR 93009 (-28.62), SPSFPR 94007A x ICSR 89076 (-24.77), ICSA 20 x ICSR 89076 (-22.80), SPSFR 94031A
xICSR 89076 (-21.61), SPSFPR 94001A x ICSR 90014 (-20.39) and SPSFPR 94007A x ICSV 712 (-20.13) during
postrainy season (Table 14). OF the three hybrids selected under rainy season, two were developed on postrainy
season-bred resistant female parent and one was based on susceptible bred female line. During postrainy season,
among the six superior hybrids, four were based on postrainy season-bred resistant female lines, one was based

on susceptible female line, and one was based on rainy season-bred resistant female line,
455  Trichome Density
Lines and testers showed significant GCA effects during both seasons. The estimates of GCA

effects ranged between -22.01 to 27.46 in rainy season, and between -30.77 to 54.10in postrainy season

(Table 12; Fig.20 ).
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Figure 20. General Combining Ability (GCA) effects of trichome density (mm ) for

parents in rainy (EIK) and postrainy (EIR) seasons.



Lines, SPSFR 940014 (1532 in rainy and 2387 in postrainy seasan), SPSFPR 9340014 (19.11 and
54,10), SPSFPR 940024 (12.78 and 21.86), SPSFPR 94005A (9.72 in rainy), and SPSFR 940314 (18,5 in rainy
season) showed significant pusitive (desirable) GGCA effects. Among the five female lines selected during rainy
season, two were from rainy season-bred resistant female lines, and three were from postrainy season-bred resistant
female lines. (Of the three female lines selected during postrainy season twa were from postrainy season-bred

resistant female lines and one was from rainy season-bred resistant female lines.

Among testers, ICSV 712 (27.46 in rainy and 26.84 in postrainy season), ICSV 88088 ( 20.75 and
34.09) and ICSR 93010 (7.4 in rainy season) exhibited significantly high positive (desirable) GCA effects. Of the
three male lines selected during rainy season, two were from resistant bred restorers, and one is postrainy season-
adapted landrace. Except the landrace, the same resistant bred restorers were selected during postrainy season

also.

Statistically significant SCA effects were noticed during rainy and postrainy seasons for hybrids.
‘The SCA effects ranged from -40.23 to 64.19 during rainy and -64.54 to 47.57 duriny postrainy season (Table 14).
Significant positive SCA effects (desirable) were noticed for 1CSA 20 x ICSR 90014 (64.19), SPSFIR 94001A x
ICSR 90005 (57.41),JCSA 89004 x ICSR 89076 (46.91), SPSFPR 94005A x ICSR 93009 (40.66), SPSFPR 94007A
X ICSV 89015 (35.62), ICSA 90002 x ICSR 93011 (34.68), ICSA 89004 x ICSV 89030 (33.54), SPSFR 94001A x
1CSV 89015 (33.44), SPSFR 94002A x ICSR 90005 (24.70) and SPSFR 94031A x ICSV 712 (24.58) in rainy season
and SPSFPR 94007A x ICSR 89076 (47.57), SPSFPR 940024 x ICSV 712 (41.64), SPSFPR 94002A x ICSR 90002
(41.55), ICSA 89004 x JCSR 89076 (40.52), ICSA 89004 x ICSV 712 (40.46), SPSFPR 94005A x ICSR 93010
(35.91), SPSFPR 94001A x ICSR 90002 (27.74), SPSFPR 94001A x ICSV 89015 (25.87), SPSFPR 94005A x ICSR

93031 (25.38), ICSA 89004 x ICSV 89030 (25.08) and ICSA 89004 x ICSR 90014 (25.02) in postrainy season, O

the ten hybrids selected during rainy season, three were ped on iny season-bred resistant female lines,
four were developed on susceptible bred female lines and three were developed on rainy season-bred resistant
female lines. OFf the eleven hybrids selected during postrainy season, seven were developed on pustrainy season-

bred resistant female lines and four were developed on susceptible bred female lines.



456  5™LeafLength

Significant GCA effects were found both in lines and testers during rainy and postrainy seasons.
During rainy season the GCA estimates ranged from -2.63 to 2.78 and during postrainy season from -3.56 to 4.16

(Table 12; Fig.21),

Lines with significant positive GCA estimates (desirable) were SPSFR 94031A (2.38), SPSFPR
94007A (2.78) in rainy season and SPSFPR 940024 (1.23), SPSFPR 94005A (1.68), SPSFPR 940074 (2.24), ICSA
20 (4.16) in postrainy season. (OF the two femaule lines selected under rainy season, ane was from rainy season-bred
resistant female line and the other from postrainy season-bred resistant female line, Among the four lines selected
during postrainy season, three were selected from postrainy season-bred resistant female lines and one was from

susceptible bred female lines.

Among testers, ICSR 93031 (1.64), ICSR 93011 (1.45) and 1CSR 93010 ( 2.07) in rainy season and
ICSR 93031 (3.15), ICSR 93011 (2.85), ICSR 93009 (2.73) and 1CSR 93010 (3.67) in postrainy season showed
significant positive GCA effects (desirable), All the three male lines selected during rainy season and the four lines

selected during postrainy season were from postrainy season-adapted landraces.

The SCA effects were found significant during both rainy and postrainy seasons. The SCA
estimates ranged between -7.43 to 7.38 during rainy season and between -8.64 to 6.84 during postrainy season.
Significant positive SCA effects (desirable) were noticed for SPSFPR 94001A x ICSV 89030 (7.38), SPSFPR
94005A x JCSR 93011 (7.18), ICSA 20 x ICSR 89076 (6.42), SPSFR 94003A x ICSR 93009 (6.29), ICSA 89004 x
ICSV 89030 (5.80), SPSFPR 94002A x ICSR 89076 (5.68 ), ICSA 89001 x ICSR 93009 (5.37), ICSA 89004 x ICSV
88088 (5.17), SPSFPR 94002A x ICSR 90014 (5.06) and SPSFR 94001A x ICSR 89076 (4.93) in rainy season, and
SPSFPR 94005A x ICSR 93009 (6.84), SPSFPR 94001 A x ICSR 90002 (6.69), ICSA 89001 x ICSR 89076 (6.54),
SPSFR 94031A x ICSV 89030 (4.83), SPSFR 94001A x ICSR 90005 (4.71), ICSA 20 x ICSR 90014 (4.47), SPSFPR
94002A x ICSV 89030 (4.46), SPSFR 94001A x ICSV 89030 (4.45), SPSFPR 94001A x ICSR 93009 (4.15), ICSA

89001 x ICSR 93009 (4.14), ICSA 20 x ICSR 93010 (3.56) and 1CSA 89004 x ICSV 89030 (3.48) in postrainy

season. Of the ten hybrids selected under rainy season, four were ped on iny season-bred resistant
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Figure 21. General Combining Ability (GCA) etfects for 5th leaf length (cm)
of parents in rainy (EIK) and postrainy (EIR) seasons



female lines, four were based on susceptible bred female lines, and two were developed on rainy season-bred
resistant female lines. Of the twelve hybrids selected during Postrainy season, three were developed on rainy

season-bred resistant female lines, four were developed on postrainy season-bred resistant female lines, and five

were developed on susceptible bred female lines (Table 15).
4.5.7 5" Leaf Width

The GCA effects were found significant for both lines and testers during rainy and postrainy
seasons. The estimates of GCA effects ranged from -0.28 to 0,21 during, rainy season, and from -0.24 to 0.27 during

postrainy season (Table 12; Fig.22),

Among lines, SPSFR 94001A (0.21), SPSFPR 94005A (0.17), SPSFPR 94007A (0.14) exhibited
significant positive GCA effects (desirable) during rainy season. None of the lines showed significant (GCA eflects
during postrainy season. Among: the three female lines selected during rainy season, two were from postriiny

season-bred resistant female lines and one was from rainy season-bred resistant female line,

“Testers, ICSR 93031 (0.19 in rainy and (.23 in postrainy scason) and ICSR 93010 (0.20 and 0.27)

showed significant positive GCA effects (desirable). Both the male lines selected during rainy and postrainy season

were developed on postrainy season-adapted landraces.

‘The SCA estimates for the hybrids ranged from -0.57 to 0174 in rainy season and from -0.88 to 2.04
in postrainy season ('I'abl; 15). SPSFR 940024 x ICSR 93010 (.74), SPSFPR 94002A x ICSV 88088 (0.57), ICSA
89004 x ICSR 93009 (0.47), ICSA 89001 x ICSR 93009 (0.47), ICSA 20 x ICSR 89076 (0.41), SPSFR 940024 x
TCSR 93031 (0.41) and SPSFR 94002A x 1CSV 89015 (0.41) exhibited significant positive SCA effects (desirable)
during rainy season. During postrainy season, significant positive SCA effect was noticed for only ICSA 90002 x
ICSR 93009 (2.04). Among the seven hybrids selected during rainy season, three were developed on rainy season-
bred resistant female lines, and three were based on susceptible bred female lines and une was developed on
postrainy season-bred resistant female fines. During postrainy season, only one hybrid (developed on susceptible

bred female line) was selected.
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458 5™ Leaf Drovpiness

The GCA effects for lines and testers were found significant during rainy and postrainy seasons,
The GCA estimates for lines and testers ranged between -1.07 to 1.03 (rainy seasun) and -1.71 to 1.64 (postrainy

season) (Table 12 ; Fig.23).

Among lines, SPSFR 94031A (1.03), SPSFPR 940074 (1.02) in rainy season and SPSFPR 94005A
(0.82), SPSFPR 94007A (0.83), ICSA 20 (1.64) in postrainy season exhibited significant positive GCA effects
(desirable). Of the two female lines selected during rainy season, one was from rainy season bred resistant female
line and the other was from postrainy season-bred resistant female line. During postrainy season, two postrainy

season-bred resistant female lines and one susceptible bred female line were selected.

Testers, ICSR 93031 (0.62 in rainy and 1.23 in postrainy season), ICSR 93010 (0.83 and 1.52),
ICSR 93011 (1,05 in postrainy season) and ICSR 93009 (1.55 in postrainy season) exhibited significant high GCA
effects (desirable). Among the two male lines selected during rainy season, both were postrainy season-adapted

landraces and the same lines were found superior during postrainy season also,

The hybrids exhibited significant SCA effects during both rainy and postrainy seasons.The
estimated SCA effects ranged from -2.72 to 3.39 (rainy season) and from -2.65 to 3.46 (postrainy season).
Significant positive SCA effects (desirable) were naticed for SPSFPR 94005A x ICSR 93011 (3.39), SPSFPR 94001A
x ICSV 89030 (3.12)ACSA 20 x ICSR 89076 (2.97), 1CSA 89004 x ICSV 89030 (2.50), SPSFR 94001A x ICSR
89076 (2.40), SPSFR 94003A x ICSR 93009 (2.33), SPSFPR 94001A x ICSR 93031 (2.25), SPSFPR 94002A x
ICSR 89076 (2.20), ICSA 89004 x ICSV 88088 (2.20) and SPSFPR 94002A x ICSR 90002 (2.15) in rainy season.
During postrainy season, [CSA 89001 x ICSR 89076 (3.46), SPSFPR 94005A x ICSR 93009 (2.35),JCSA 20 x ICSR
90014 (224), SPSFPR 94001A x ICSR 90002 (2.17), SPSFR 94001A x ICSR 90005 (2.17), SPSFR 94001A x 1C8V
89030 (2.16), SPSFR 94003A x ICSR 93031 (2.02), SPSFPR 940024 x ICSV 89030 (1.81) and SPSFPR 94002A x
ICSR 90005 (1.66) exhibited significant positive SCA effects. Among the ten hybrids selected during rainy season,

five hybrids were developed on p iny s bred resistant female parents, three were based on susceptible

bred female lines and two d on rainy bred resistant female lines. Of the nine hybrids selected



Rainy
Season (EIK)
Postralny

|- otoce usox
I 60008 usor
I t100s usol
TS I teoce usot
[~ ¥1008 4SOt
e — - 50008 SOl
I |- 20008 usOl
e i |- 92088 usor
R I IIT L TLLLLS ——

r:0.9.9.0.0.0.0.9.90.0.0.0.94 |- S1068 ASOI
|- ©9088 ASOI
[~ SLLASII
|- 20008 ¥SOI

). 0.0 0. 00004l | 1008e wsot

SSESSSSS s |- ozvsol

[ eossssosaoss |- vz00v8 udasas
R ™™ 7-V-7--7-77) - VS00¥8 udisds
Sakae L veoors udisds
1000000000600 00000006660 0.0.4 [- VI00¥6 Ud3SdS

L [~ Vicors udsds

CSCSCK. "e%s ] — V100¥6 UISAS

rov e e v..y.v.] |- VE00¥6 UISdS

— i : | v200¥6 uisds

Seavon (EIR)

|

15
1
5
0
5)
(Ul
(1.8) -
@

o 4

(wo) ssauidooiqg F.w._ﬂ:m

0.

Genotypes
Figure 23. General Combining Ability (GCA) effects for 5th leaf droopiness (cm)
of parents in rainy (E!K) and postrainy (EIR) seasons



during postrainy season, two were develuped on susceptible bred female lines, four were developed on postrainy

season-bred resistant female lines and three were based on rainy season-bred resistant female lines (Table 15).

4.5.9  Uniformity in Recovery

The lines and testers exhibited significantly higth GCA effects during rainy and postrainy seasons.
‘The estimated (;CA effects ranged from -1.54 t0 2.26 during rainy season, and from -0.71 to 1.26 during postrainy

season (Table 12; Fig.24).

Among lines, SPSFR 94002A (-0.45), SPSFR 94001A (-0.62), SPSFR 940314 (-1.54), SPSFPR

940024 (-0.76), SPSFPR 94005A (-0.76), SPSFPR 94007A (-1.18) in rainy s

ason and SPSFR 9403AB (-0.71),

SPSFPR 94002A (-0.60), SPSFPR 94007A (-0.65) and ICSA 20 (-0.46) in p iny season

negative GCA effects (desirable). OF the six female lines selected during rainy season, three were from rainy season-
bred resistant female lines and three were [rom postrainy season-bred resistant female lines. Of the four lines found
superior during postrainy season, one was from rainy season-bred resistant female line, one was from susceptible

bred female lines and two were from postrainy season-bred resistant female lines,

Testers, ICSV 88088 (-0.98 in rainy and -0.46 in postrainy season), ICSR 93031 (-1.01 and -0.43),
ICSR 93011 (-0.82 and 0.71) and ICSR 93010 (-1.01 and -0.55) showed high significant negative GCA
effects(desirable). Among the four testers found superior during rainy and postrainy seasons, three were from

postrainy season-adapted landraces and one was from resistant bred restorers.

‘The hybrids exhibited significantly different SCA effects during rainy and postrainy seasons. The
range of estimated SCA effects was from -2.50 to 2.53 and from -2.09 to 2.85 during rainy and postrainy seasons
respectively (Table 15). Among the hybrids, SPSFR 94002A x ICSR 90005 (-2.50), SPSFPR 94002A x ICSK 90005
(-2.22), ICSA 20 x ICSR 89076 (-1.57), SPSFR 94031A x ICSR 93031 (-1.51), SPSFPR 94005A x ICSR 93009 (-
1.46), SPSFR 94002A x ICSR 93031 (-1.32) and SPSFPR 94002A x ICSR 89076 (-1.30) in rainy season and 1CSA
89001 x ICSR 93009 (-2.09), SPSFPR 94002A x ICSR 90002 (-2.04), SPSFPR 94001A x ICSR 90002 (-1.85),1CSA

20 x ICSR 90014 (1.82), SPSFPR 94005A x ICSR 93009 (-1.71), SPSFR 94003A x ICSR 90005 (-1.65), ICSA 89001
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parents in rainy (EIK) and postrainy (EIR) seasons



xICSV 712(-1.56),SPSFR 940314 x ICSR 93031 (-1.54), SPSFPR 940024 x ICSV 89030 (-1.54), SPSFR 940024
x ICSR 89076 (-1.51), ICSA 89004 x ICSR 93011 (-1.47) and [CSA 90002 x [CSR 90005 (-1.43) in postrainy season
showed highly significant negative SCA effects (desirable). OF the seven hybrids found superior during rainy
season, three were developed on rainy season-bred resistant female lines, three were based on postrainy season-
bred resistant female lines and one was developed on susceptible bred female line. Of the (welve hiybrids selected
during postrainy season, three were developed on rainy season-bred resistant feniale lines, four were developed on

postrainy season-bred resistant female lines and five were developed on susceptible bred female lines.

4.5.10  Total Tillers

Lines and testers exhibited si

antly different GCA efects both during rainy and postrainy
seasons. Among lines and testers the estimates of GCA effects ranged from -0.26 to 0.42 (rainy season) and from

-0.63 to 1.33 (postrainy season) (Table 13; Fig.25).

Lines, ICSA 20 (0.20), ICSA 89001 (0.42), ICSA 89004 (0.23) in rainy season and SPSFR 94001A
(0.47) and ICSA 89001 (0.80) in postrainy season exhibited significant positive GCA effects (desirable). All the
three lines found superior during rainy season were from susceptible bred female lines. Among the two female lines
selected during postrainy season, one was from rainy season-bred resistant female parent and the other was from

susceptible bred female parent.

Among testers, ICSR 89076 (1.33) and ICSR 90002 (0.38) showed significant high GCA effects
(desirable) during postrainy season. None of the testers showed significant GCA effects during rainy season, Both

the male lines selected during rainy season were from susceptible bred restorer lines.

Statistically significant SCA effects were found among the hybrids during rainy and postrainy
seasons. Among the hybrids, the SCA estimated effects ranged from -0.69 to 1.28 (rainy season) and -1.09 to 2.31

(postrainy season). The hybrids showing significant high positive SCA estimates (desirable) were SPSFPR 94002A

x ICSR 89076 (1.28) SPSFR 94001A x ISR 93011 (0.80),]CSA 20 x ICSR 90005 (0.79) SPSFPR 94005A x ICSV
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89015 (0.71) and SPSFPR 940024 x ICSR 90014 (0.70) during rainy season and SPSFR 94003A x ICSR 90014
(2.31), SPSFR 94001A x 1CSV 712 (2,09), SPSFR 94002A x ICSR 90005 (1.87), SPSFR 94001A x ICSR 93010
(1.53) and SPSFR 94031A x ICSR 90005 (1.44) during postrainy season (Table 16). OF the five hybrids selected

during rainy season, three were developed on p i son-bred resistant female lines, and one from rainy

season-bred resistant female lines and one from susceptible bred female lines. Al the five hybrids selected during

postrainy season were developed on rainy season-bred resistant female lines.

4.5.11  Productive Tillers

The GCA effects differed significantly amony: the lines and testers during both rainy and postrainy
seasons, The estimated GCA effects ranged from -0.07 to 0.08 (rainy season) and from -0.30 to 0.56 (pustrainy

season) (Table 13; Fig.26).

None of the lines exhibited significant GCA effects during rainy season and only SPSFR 94001A
(0.51) in postrainy season exhibited significant positive GCA effects (desirable). The female line found superior

during postrainy season was from rainy season-bred resistant female lines.

Among testers, only ICSR 93031 (0.08) exhibited high significant positive GCA effect (desiruble)
in rainy season, and ICSR 89076 (0.56) and ICSR 93009 (0.23) showed significant positive GCA effects during
postrainy season, During rainy season only the postrainy season-adapted landrace was found superior, and among

the two male lines selected during postrainy season, one was from susceptible bred restorer and other was from

f son-adanted
P Y P

The hybrids differed significantly for SCA effects during rainy and postrainy seasons. The

estimated SCA effects ranged between -0.34 to 0.59 during rainy season and between -0.87 to 1.55 during postrainy

season (Table 16), Signif positive SCA effect: i were noticed for SPSFR 94001A x ICSR 93011 (0.59)
and ICSA 90002 x ICSR 90014 (0.35) during rainy season and SPSFR 94002A x 1CSR 90005 (1.55), SPSFR
94003A );ICSR 90014 (1.44), SPSFPR 94005A x ICSV 89015 (1.11), SPSFR 94001A x ICSV 712 (1.01), SPSFPR

940024 x ICSV 88088 (0.97), ICSA 89004 X ICSR 93031 (0.81), ICSA 20 x ICSR 93010 (0.74) and SPSFR 940014
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Figure 26. General Combining Ability (GCA) effects of productive tillers/plant

for parents in rainy (EIK) and postrainy (EIR) seasons



x ICSR 93010 (0.72) during pastrainy sexson, Among the two hybrids found superior during rainy season, one was
developed on rainy season-bred resistant female parent and the other was developed on susceptible bred female
line. Of the eight hybrids found superior during postrainy season, four hybrids were based on rainy season-bred

resistant female parents, two were developed on iny season-bred resistant female lines, and two were

developed on susceptible bred female lines.

4.5.12  Yield (UNI)

Lines and testers differed significantly for (GCA effects in yield during rainy and postrainy seasons.
The estimated effects of (GCA ranged from -4.59 to 9.17 in rainy season and from -10.60 to 11.26 in pustrainy season

(Table 13; Fig.27).

Lines, SPSFR 94002A (3.98), ICSA 89001 (9.17), ICSA 90002 (3.13) in rainy season, and SPSFR
94001A (11.26) in postrainy season exhibited significantly high positive GCA effects (desirable for yield). OFf the
three lines selected in rainy season, one was from rainy season bred resistant female lines, and two from susceptible

bred female lines. In postrainy season, only one rainy season bred resistant female line was found superior.

Among testers, ICSR 89076 (4.30), ICSR 90005 (5.90) in rainy season and ICSV 89030 (6.35),
ICSR 93011 (9.09), ICSR 93009 (6.16) in postrainy season exhibited significantly high positive GCA effects
(desirable for yield). Both the male lines selected during rainy season were from susceptible bred restorer lines and
amony the three male lines selected during postrainy season two were from postrainy season-adapted landraces and

one from resistant bred restorer lines.

Significant SCA effects were noticed for hybrids during rainy and postrainy seasons.The estimated
SCA effects ranged from -18.08 to 37.69 in rainy season, and from -42.66 to 57.03 in postrainy season (Table 16).
The hybrids with high significant positive SCA effects (desirable for yield) were SPSFR 94001A x ICSR 93011
(37.69), SPSFPR 94007A x ICSR 90005 (24.03), SPSFR 94001A x ICSR 89076 (16.97), SPSFPR 94005A x ICSR

89076 (14.82), ICSA 20 x ICSR 89076 (13.69), ICSA 89004 x ICSR 93031 (12.75), ICSA 20 x [CSR 93031 (11.54),
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SPSFPR 94002A x ICSV 89030 (11.29), SPSFR 94031A x ICSR 89076 (10.67) and ICSA 90002 x ICSV 89015

(10.33) in rainy season and SPSFR 940024 x ICSV 712 (57.03), SPSFR 94003A x ICSR 89076 (47.68), ICSA 90002
x ICSR 90002 (37.19), SPSFPR 94001A x ICSR 90005 (35.98), SPSFPR 94007A x 1CSR 93031 (30.45),SPSFPR
94002A x ICSR 93010 (26.66), ICSA 20 x ICSR 90002 (25.73),SPSFPR 94002A x ICSR 89076 (24.89), ICSA 89001
x ICSR 93009 (24.29), SPSFPR 94002A x ICSR 93011 (23.91), SPSFR 94003A x ICSR 93010 (23.15), SPSFR
94002A x ICSR 93011 (22.43), SPSFR 94003A x ICSR 93011 (22.14) and ICSA 90002 x ICSR 93011 (19.97) in
postrainy season. Of the ten hiybrids found superior in rainy season, three were developed on postrainy season-bred
resistant female lines, three were developed on rainy season-bred resistant female lines, and four were developed
on susceptible bred female parents, Among the fourteen hybrids selected during postrainy season, five were
developed on rainy season-bred resistant female lines, five were developed on postrainy season-bred resistant female

lines, and four were developed on susceptible bred female lines.

4.5.13  Yield (I)

The GCA effects were found significant for lines and testers during rainy and postrainy seasons,
The estimated (iCA effects ranged between -2.98 to 4.68 in rainy season and between -11.17 to 8.98 in postrainy

season (Table 13; Fig.28).

Among lines, SPSFR 940024 (4.68), ICSA 89004 (2.45) in rainy season, and SPSFR 94001A (7.93),
ICSA 20 ( 8.98) in postrainy season exhibited significant positive GCA effects (desirable for yield). Amony the two
lines selected during rainy and postrainy seasons, one was from rainy season-bred resistant female lines and the

other was from susceptible bred female lines.

“Testers, ICSR 89076 (2.68), ICSR 90005 (3.05) and ICSR 90014 (2.52) in rainy season, and ICSV
$9030 (8.47), ICSR 93009 (4.93) in postrainy season exhibited significant positive GCA effects (desirable for yield).

Al the three testers selected during rainy season were from susceptible bred restorers. During postrainy season,

one resistant bred restorer, and one postrainy season-adapted landrace were found superior.
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Figure 28. General Combining Ability (GCA) effects for yield-| (g/plant) of
parents in rainy (EIK) and postrainy (EIR) seasons



The estimated SCA effects were found significant during rainy and postrainy seasons and they
ranged from -9.22 to 13.75 during rainy season and from -40.88 (0 40.57 during postrainy season. Among the
hybrids, SPSFR 94031A x ICSV 712 (13.75), SPSFPR 94005A x ICSR 89076 (11.42), ICSA 90002 x ICSR 93011
(9.71), ICSA 89001 x ICSV 89030 (9.30), SPSFR 94003A x ICSR 90005 (9.28), SPSFPR 94005A x ICSR 93009
(8.32), SPSFPR 94007A x ICSR 93010 (8.22), SPSFR 94031A x ICSR 89076 (8.18) and SPSFR 940014 x ICSR
93010 (7.26) in rainy season, and ICSA 89004 x ICSR 90002 (40.57), SPSFR 940024 x ICSR 89076 (34.51), ICSA
89004 X ICSR 93031 (34.44), SPSFPR 94005A x ICSR 90014 (33.78), ICSA 90002 X ICSR 93011 (31.68), SPSFR
94003A x ICSR 90005 (31.52), SPSFPR 94007A x ICSR 93031 (31.50), SPSFR 94031A x ICSR 93009 (29.48),
SPSFPR 94002A x ICSR 89076 (27.13), ICSA 20 x ICSV 88088 (26.31), SPSFR 94001A x ICSR 93031 (24.76),
SPSFR 94002A x ICSV 89015 (23.38), SPSFR 94001A x ICSR 90014 (22.77), ICSA 90002 x ICSV 89030 (22.61)
and SPSFR 94031A x ICSV 712 (21.58) in postrainy season showed significantly high positive SCA effects
(desirable for yield). Amony the nine hybrids selected during rainy season, four were based on rainy season-bred
resistant female lines, three were based on postrainy season-bred resistant female lines, and two were developed on
susceptible bred female lines. Among the fifteen hybrids selected during postrainy season, seven were developed

on rainy season-bred resistant female lines, three were d ped on | iny season-bred resistant female lines,

and five were developed on susceptible bred female lines (Table 16).

4.5.14  Days to 50% Flowering

Statistically significant GCA effects were noticed for lines and testers during rainy and postrainy

ons. The estimated GCA estimates ranged from -2.36 to 1.64 in rainy season, and from -3.93 to 2,88 in

postrainy season (Table 13; Fig.29).

Among lines, significant positive GCA effects (desirable for early kharif) were SPSFPR 94001A
(1.64), SPSFPR 94002A (1.18), SPSFPR 94005A (0.87) and ICSA 89001 (0.94) in rainy season and SPSFR 94002A
(2.71) and SPSFPR 94001A (2.62) and SPSFPR 9400SA (1.51) in postrainy season. Significant high negative GCA
effects (desirable for late kharif) were shown by SPSFPR 94002A (-2.36), SPSFR 94001A (-1.06), ICSA 89004 (-
0.86) during rainy season and SPSFR 94031A (-1.12), SPSFPR 940024 (-1.96), ICSA 20 (-3.93) during postrainy

season. OF the seven lines selected for rainy season, two were from rainy season-bred resistant female lines, three
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Figure 29. General Combining Ability (GCA) effects of days to 50% flowering for
parents in rainy (EIK) and postrainy (EIR) seasons



were from postrainy season-bred resistant female lines and two were from susceptible bred female lines. Similarly
in postrainy season, two were selected from rainy season-bred resistant female lines, one was selected from

susceptible bred female lines, and three were selected from postrainy season-bred resistant female lines.

Testers, ICSV 712 (0.83) and ICSR 90002 (0.80 in rainy season, and ICSV 89030 (2.65), ICSR
89076 (2.88) and ICSR 90002 (2.21) in postrainy season exhibited significant pusitive GCA effects (desirable for
early kharif). Significant high negative GCA effects (desirable for late kharif) were noticed for ICSR 93031 (-2.19)
and ICSR 93011 (-0.81) in rainy season and ICSR 93031 (-2.54), ICSR 93011 (-2.96) and ICSR 93010 (-2.06) in

postrainy season, Among the four testers selected during rainy season, one was selected from susceptible bred

restorers, two were from p iny st dapted land and one was from resistant bred restorers. Among

the six testers found superior during postrainy season, one was selected from resistant bred restorers, three were

from p i dapted I: and two from susceptible bred restorers.

Significant SCA effects were found among the hybrids during rainy and postrainy seasons. Among
the hybrids, the SCA effects ranged from -3.67 to 3.66 in rainy season, and from -6.71 to 9.18 in postrainy season.
“The hybrids with significant positive SCA effects (desirable for early kharif) were SPSFPR 94002A x ICSR 93010
(3.66) and 1CSA 89001 x ICSR 93010 (1.02) in rainy season and SPSFPR 94005A x ICSR 89076 (9.18), SPSFPR
94005A x ICSV 89015 (8.74), ICSA 90002 x ICSV 89030 (8.46), ICSA 90002 x ICSR 93010 (7.18), SPSFPR 94002A
xICSV 89015 (6.89), SPSFR 94002A x ICSR 90005 (6.76), ICSA 90002 x ICSV 89015 ( 5.99), SPSFPR 94005A x
1CSR 93031 (5.82), ICSA 89004 X ICSR 90005 (4.93), SPSFR 94001 A x ICSV 712 (4.92), SPSFPR 94001A x ICSR
90014 (4.71), SPSFR 94031A x ICSR 89076 (4.40), SPSFPR 94002A x ICSV 88088 (4.32), SPSFPR 94002A x ICSR
93009 (4.26), SPSFR 94031 A x ICSR 90002 (4.10), ICSA 20 x ICSR 93011 (4.01) and SPSFR 94001A x ICSR 90014
(3.90) in postrainy season. Significantly high negative SCA effects (desirable for late kharif) were noticed for
SPSFR 94002A x ICSR 90002 ( -3.67), SPSFPR 94002A x ICSR 93009 (-3.43), SPSFR 94031A x ICSV 89015 (-
333), ICSA 20 x ICSR 93010 (-3.09), SPSFPR 94002A x ICSR 90014 (-2.95), SPSFR 94002A x ICSR 93031 (-2.85),
SPSFR 94031A x ICSR 93010 (-2.81) and SPSFPR 94007A x ICSV 88088 (-0.28) in ruiny season and ICSA 89001
x [CSV 712 (-6.71), SPSFR 940024 x ICSR 89076 (-5.93), SPSFPR 940024 x ICSR 90014 (-5.76), SPSFPR
94001A x ICSV 712 (-5.12), SPSFPR 94005A x [CSR 93009 (-4.82), SPSFR 94003A x ICSR 90005 (-4.40), SPSFR

94001A x ICSV 89030 (-4.22) and SPSFPR 94002A x ICSR 90005 (-4.24) in postrainy season (Table 16). Among



the ten hybrids selected in rainy season, four hybrids were developed on rainy season-bred resistant female lines,

four were developed on pi son-bred resistant female lines and two were developed on susceptible bred

female lines. In postrainy season, of twenty six hybrids found superior, nine hybrids were developed on rainy

season-bred resistant female lines, eleven hybrids were developed on

P

postrainy season-bred resistant female lines

and six hybrids were developed on susceptible bred female lines.

45.15  Plant Height

The GCA effects were found significant among the lines and testers during rainy and postrainy
seasons. The estimated GCA effects for rainy season ranged between -30.12 to 47.25 and for postrainy season

between -18.91 to 29,14 (Table 13; Fig.30).

Lines with significant high positive GCA effects (desirable) were SPSFR 940014 (13.25), SPSFR
94031A (11.07), SPSFPR 94005A (8.84) in rainy season and SPSFR 94031A (6.64), SPSFPR 940014 (7.39),
SPSFPR 94002A (5.78), SPSFPR 94005A (9.00), [CSA 20 (8.86) and ICSA 89001 (12.39) in postrainy season. Of
the three lines found superior during rainy season, two were from rainy season-bred resistant female lines and one
was from postrainy season-bred resistant female lines. Among the six lines found superior during postrainy season,
three were from postrainy season-bred resistant female lines, one was from rainy season-bred resistant female lines

and two were from susceptible bred female lines.

Among testers, ICSR 93031 (41.90), ICSR 93011 (32.31), ICSR 93009 (36.90) and ICSR 93010
(47.25) in rainy season, and ICSR 93031 (20.11), ICSR 93011 (24.42), ICSR 93009 (24.70), ICSR 93010 (29.14) in
postrainy season exhibited significant positive GCA effects (desirable). Al the four testers selected during rainy

and postrainy seasons were from postrainy s dapted land

Statistically significant SCA effects were exhibited by hybrids during rainy and postrainy seasons.
Among the hybrids, the estimated SCA effects ranged from -55.72 to 38.14 and -53.44 to 44.78 during rainy and
postrainy seasons respectively. The hybrids, SPSFR 94031A x ICSV 89015 (38.14), SPSFR 94031A x ICSR 90005

(32.60), SPSFPR 94007A x ICSV 88088 (31.50) and SPSFR 940024 x ICSR 93010 (29.63) in rainy season, and
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Figure 30. General Combining Ability (GCA) effects of plant height (m) for

parents in rainy (EIK) and postrainy (EIR) seasons




SPSFPR 94001A x ICSR 90002 (44.78), SPSFR 940014 x ICSR 93009 (31.69), SPSFPR 94007A x ICSV 88088
(30.19), SPSFR 94003A x ICSR 93010 (28.08), SPSFR 94001A x 1CSV 89030 (26.81), 1CSA 20 x ICSR 90014
(24.05), SPSFPR 94005A x ICSV 712 (23.36), SPSFPR 94005A x 1CSV 89015 (23.31), ICSA 89001 x ICSV 88088
(20.30), ICSA 90002 X ICSR 93009 (17.67) and ICSA 90002 x ICSR 93011 (17.39) in postrainy season exhibited

significant positive SCA effects (desirable).OF the four hybrids found superior during rainy season, three were

developed on rainy season-bred resistant female lines and one was developed an iny season-bred resistant

P 7
female line. Among the eleven hybrids found superior during postrainy season, three were developed on rainy

season-bred resistant female lines, four were developed on iny s bred resistant female lines and four

were developed on susceptible bred female lines (Table 16).

4.6. HETEROSIS

‘The magnitude of heterosis exhibited by 144 hybrids over the mean of mid parent, better parent

and check (M 35-1) for 15 selected variables during rainy and postrainy seasons are given in Tables 17 to 19.

4.6.1 Early Seedling Vigour

Heterosis ranged from -60.12 to 156.96 (rainy) and -64.73 to 21 1.95 (postrainy) over mid parent
values, from -55.67 to 375.94 (rainy) and -50.00 tu 375.94 (postrainy) over the better parent values and from -55.67

to 144.33 (rainy) and -72.75 to 90.74 (postrainy) over the check values (Table 17).

Negative heterosis is desirable feature for shoot fly resistance as early seedling vigour is scored on
1-9 scale, where 1= most vigorous and quick growing seedling and 9 = least vigorous and slow growing seedling.
Only one hybrid, SPSFR 94002A x ICSR 93011 (developed on rainy season-bred resistunt female parent) exhibited
significant negative heterosis over the mid parent during rainy season. While none of the hybrids showed

significant negative heterosis during postrainy season.
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4.6.2  (lossiness

The heterosis ranged from -63.24 to 148.36 (rainy) and -63.71 to 359.28 (postrainy) over mid
parent value, from -52.68 to 1453.46 (rainy) and -33.33 to 398.80 (postrainy) over better parent value and from -
46.80 to 246.80 (rainy) and from -33.50 to 350.00 (postrainy) over check. In case of glossiness also negative
heterosis is desirable feature for shoot fly resistance. Glossiness was scored on 1-9 scale, where 1= completely glossy

and 9=non glossy. None of the hybrids exhibited significant negative heterosis during both seasons (Table 17).

463  Egg Count

The heterosis ranged from -63.05 to 251.72 (rainy) and -347.83 to 779.25 (postrainy) over mid
parent value, from -44.06 to 363.64 (rainy) and -71.79 10 2670 (postrainy) over better parent value, and from -29.94

to 227,54 (rainy) and -80.34 to 247.86 (postrainy) aver check (Table 17).

In the case of egg count negative heterosis is desirable as genotypes with negative heterasis
recorded fewer number of egzgs plant . None of the hybrids had significant negative heterosis during rainy season,
During postrainy season, sigmficant negzative heterosis was shown by eleven hybrids over mid parent; five hybridy
aver better parent and thirty five hybrids over check. Among these hybrids, significant high negative heterosis of
<+65.00 showed by SPSFPR 94002A x ICSR 90002 and SPSFPR 94007A x [CSR 93009 (des eloped on postrainy
season-bred resistant female lines) over mid parent; SPSFR 94003A x [CSV 712 (developed on rainy season-bred
resistant female line) over better parent; SPSFR 94003A x [CSV 88088, SPSFR 94001A x [CSV 88088, SPSFR
94003A x ICSR 90002, SPSFR 94003A x 1CSR 93031 and SPSFR 94003A x ICSR 90002, (developed on rainy
seavan-bred resistant female lines), SPSFPR 94005A x ICSV 89015, SPSFPR 94005A x ICSR 93010 and SPSFPR

94007A x ICSR 93011 ped on postrainy bred resistant female lines) over check.

Thus, three hybrids showed significant high heterosis (<-65.00) over mid parent, one hybrid over

better parent and seven hybrids over check (M 35-1)in postrainy season.



4.6.4 Deadhearts %

During rainy season the heterosis ranged from -12.19 to 26.05 over mid parent value, from -10.25
t0 345.55 over better parent value and from -116.17 to 133.48 over check. During postrainy season the heterosis
ranged from -47.89 to 40228 over mid parent, from -57.24 to 731.03 over better parent, and from -84.31 to 70,13

over check (Table 17).

In case of deadheart %, negative heterosis is desirable for shoot fly resistance as genotypes with
negative heterosis produced fewer deadhearts. During rainy season, only one hybrid exhibited significant negative
heterosis over mid parent and check. None of the hybrids showed significant negative heterosis over Detter parent.
During postrainy season, four hybrids over mid parent; one hybrid over better parent; and twenty eight hybrids
over check showed significant negative heterosis. Among these hybrids, significantly high negative heterosis of <-
50.00 over check were exhibited by SPSFR 94003A x ICSV 88088, SPSFR 94001A x ICSV 88088, SPSFR 940314
VICSV 712, SPSFR 94031A x ICSV 88088, SPSFR 94031A x [CSV 89015, SPSFR 94003A x ICSR 93031, SPSFR
94031A x ICSR 93031, SPSFR 94031A x ICSR 93011, SPSFR 940314 x ICSR 93009, SPSFR 94031A x ICSR 93010
and SPSFR 94001A x ICSR 93009 (developed on rainy season-bred resistant female parent), and SPSFPR 940024
xICSV 88088, SPSFPR 94007A x ICSR 90002, SPSFPR 94002A x ICSR 93010, SPSFPR 94005A x ICSR 93011

and SPSFPR 94005A x ICSR 93010 ped on postrainy season-bred resistant female parent).

Thus, during rainy season none of the hybrids showed significantly high heterosis (<-50.00) over
mid parent, better parent and check. In postrainy season, none of the hybrids showed significantly high negative
heterosis of <-50.00 either over mid parent or better parent. But sixteen hybrids recorded significantly high
heterosis (<-50.00) over check

(M 35-1).

4.6.5  Trichome Density

During rainy season, the heterosis ranged from -100.00 to 847.58 over mid parent value, from -

100.00 to 373.64 over better parent value and from -100.00 to 75.03 uver check. During postrainy season, the



heterosis ranged from -110,00 to 455.95 over mid parent, from -100.00 to 177.98 over better parent, and from -

100.00 to 121.17 over check (Table 17).

For trichome density, positive heterosis is desirable for shoot fly resistance as number of trichomes
on leaf surface influences the oviposition of shoot fly and subsequent larval movement, During rainy season,
significant positive heterosis was recorded by eleven hybrids over mid parent; six hybrids aver better parent and
one hybrid over check, and during postrainy season by forty three hybrids over mid parent; fifteen hybrids over

better parent; and thirty hybrids over check.

Among these hybrids, significantly high positive heterosis of >100.00 was exhibited by SPSFPR
94001A x ICSR 89076, SPSFPR 94001A x ICSR 90014, SPSFPR 94005A x ICSR 90002 and SPSFPR 94005A x
1CSV 89015 (developed on postrainy season bred resistant female parent), ICSA 20 x ICSR 90002, ICSA 90002

X ICSR 89076 (developed on susceptible female lines) over mid parent; SPSFPR 94001A x ICSR 90014, SPSFPR

94005A x ICSR 90002, (developed on postrainy season-bred resistant female parent) over better parent in rainy
season and SPSFR 94003A x [CSR 90002, SPSFR 94031A x ICSR 90002 (developed on rainy season-bred resistant

female lines), SPSFPR 94005A x TCSR 93011, SPSFPR 94007A x ICSV 89030 (developed on postrainy season-bred

P! P

resistant female lines) over mid parent; SPSFR 94031A x ICSR 90002 (developed on rainy season-bred resistant

female line), SPSFPR 94005A x ICSV 712 ped on postrainy season-bred resistant female line) over better
parent; SPSFR 94031A x ICSR 90002 (developed on rainy season-bred resistant female line), SPSFPR 94001A
xICSR 90005, SPSFPR 94001A x ICSR 90014, SPSFPR 94001A x ICSV 88088, SPSFPR 94001A x ICSV 89030

(developed on postrainy season-bred resistant female lines) over check in postrainy season.

‘Thus, significantly high positive heterosis of >100.00 exhibited by six hybrids over mid parent; two
hybrids over better parent in rainy season and none of the hybrids showed high positive heterosis over check. In
postrainy season, four hybrids over mid parent; two hybrids aver better parent and five hybrids over check (M 35-

1) showed significantly high positive heterosis (2100.00).



4.6.6  Leaf Parameters

Correlation studies revealed significant negative correlation of leaf parameters- 5* leaf length,
5*leaf width and 5* leaf droopiness with shoot fly parameters- egg count plant” and deadheart %. Hence for shoot
fly resistance, positive heterosis is the desirable feature in case of 5% leaf length, 5* leaf width and 5* leaf

droopiness (Table 18).

4.6.6.1  S"Leaf Length

During rainy season the heterosis ranged from -44.02 to 55.19 over mid parent and from -55.57
10 43.16 over better parent, and from -60.37 to 49.76 over check, In postrainy season, the heterosis ranged from

-60.36 to 25.16 over mid parent, from -63.92 to 12.47 over better parent, and from -69.37 to 37.11 over check

(Table 18).

In rainy season, none of the hybrids recorded significant positive heterosis over mid parent, better
parent and check. In postrainy season, significant positive heterosis was exhibited by three hybrids over mid parent
and ten hybrids over check. In postrainy season, a significant high positive heterosis of >25.00 was exhibited by
SPSFR 94031A x ICSV 88088 (developed on rainy season-bred resistant female parent), SPSFPR 94002A x ICSR
90002 (developed on postrainy season-bred resistant female parent) over mid parent; SPSFR 94001A x 1CSR
93009 (developed on rainy season-bred resistant female lines), SPSFPR 94002A x ICSR 93031, SPSFPR 94005A
x ICSR 93011, SPSFPR 94005A x ICSR 93010, SPSFPR 940024 x [CSR 90002, SPSFPR 94007A x ICSR 93011

(developed on postrainy season-bred resistant female parent) over check.

Thus, during rainy season nene of the hybrids exhibited significant positive heterosis over mid
parent, better parent and check. During postrainy season significantly high positive heterosis of >25.00 was
exhibited by two hybrids over mid parent and six hybrids over check. None of the hybrids showed significant

pusitive heterosis over better parent.
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4.6.6.2 5" Leaf Width

The heterosis ranged from -30.52 to §6.40 (rainy) and -57.55 to 124.10 (postrainy) over mid parent
and from -33.33 to 47.86 (rainy) and -60.35 to 11111 (postrainy) over better parent, and from -98.94 to 34.74
(rainy) and -53.37 to 126.42 (postrainy) over check. During rainy season significant positive heterosis over mid
parent was exhibited by only one hybrid SPSFR 940314 x ICSR 93031 (developed on rainy season-bred resistant
female parent). In postrainy season, none of the hybrids showed significant positive heterosis over mid parent,

better parent and check (Table 18).

4.6.6.3 5™ Leaf Droopiness

"The heterosis ranged from -45.18 to 70.82 (rainy) and -44.30 to 27.97 (postrainy) over mid parent,
and from -58.89 t0 62.12 (rainy) and -51.40 to 24.90 (postrainy) over better parent, and from -90.17 to 3.37 (rainy)

and -90.35 to 32,37 (postrainy) over check (Table 18).

Significant positive heterosis was exhibited by only one hybrid over better parent in rainy season;
one hybrid over mid parent; three hybrids over check in postrainy season. During rainy season, none of the hybrids
showed significantly high positive heterosis of 225.00 over mid parent, better parent and check. During postrainy
season, SPSFPR 940024 x ICSR 90002 (developed on pustrainy season-bred resistant female line) over mid parent,
SPSFR 94031A x ICSR 89076 (developed on rainy season-bred resistant female parent), ICSA 20 x ICSR 93031

(developed on susceptible female parent) over check exhibited significant positive heterosis (225.00)

Thus, none of the hybrids exhibited significantly high positive heterosis of 225.00 in rainy season
and in postrainy season, only one hybrid over mid parent and two hybrids over check exhibited significantly high

! .
positive heterosis.



4.6.7  Uniformity in Recovery

The heterosis ranged from -62.00 to 71.49 (rainy) and -53.81 to 281,47 (postrainy) over mid parent,
from -74.46 t0 219.16 (rainy) and -50.00 to 319.16 (postrainy) over better parent, and from -64.29 to 108.25 (rainy)

and -111.01 to 133.33 (postrainy) over check value (Table 18).

For uniformity in recovery, negative heterosis is a desirable feature as the trait is scored on 1-9
scale (where 1 was given for healthy, undamaged plants with good recovery in growth of all plants over the plot,
while 9 was given for heavily damaged plants in entries with no tillers). Significant negative heterasis was exhibited
by seven hybrids over mid parent; eight hybrids over better parent, and twelve hybrids over check in rainy season,

and two hybrids over check in postrainy season.

Significantly high negative heterosis of <-50.00 was exhibited by SPSFR 94031A x ICSV 89015,
SPSFR 94001A x ICSR 89076, SPSFR 94002A x ICSR 93031, SPSFR 94002A x ICSR 93011, SPSFR 94031A x
TCSR 93031, SPSFR 94031A x ICSR 93011 (developed on rainy season-bred resistant female parent) over mid
parent; SPSFR 94002A x ICSR 93031, SPSFR 94002A x ICSR 93011, SPSFR 94031A x ICSR 93031, SPSFR
94031A x ICSR 93011 (developed on rainy season-bred resistant female parent) over better parent; SPSFR 94031A

x1CSV 89015, SPSFR 94001A x ICSR 89076, SPSFR 94002A x 1CSR 93031, SP'SFR 940024 x ICSR 93011, SPSFR

94001A x ICSR 93031, SPSFR 94001A x ICSR 93009, SPSFR 94001A x 1CSR 93010, SPSFR 94031A x ICSR
93031, SPSFR 94031A x ICSR 93011, SPSFR 94031A x ICSR 93010 (developed on rainy season-bred resistant
female parents), SPSFPR 940024 x ICSR 93011, SPSFPR 94005A x ICSR 93010 (developed on postrainy season-
bred resistant female lines) over check in rainy season. During postrainy season, none of the hybrids showed
significant negative heterosis over mid parent and better parent. 'The hybrids, SPSFR 940024 x ICSR 90002
(developed on rainy season-bred resistant female parent) and SPSFPR 94002A x ICSR 93010 (developed on

postrainy season-bred resistant female parent) showed significantly high negative heterosis over the check value.

Thus, significantly high negative heterosis of <-50.00 was exhibited by six hybrids over mid parent,
four hybrids over better parent, and twelve hybrids over check in rainy season. In postrainy season, none of the
hybrids recorded significantly high negative heterosis (<50.00) over either mid parent or better parent, whereas

two hybrids showed high negative heterosis over check.



4.6.8  Total Tillers plant!

The heterosis over mid parent ranged from -46.50 to 75.82 (rainy) and -35.59 to 166.13 (postrainy),
over better parent from -40.12 to 111.59 (rainy) and -69.01 to 207.98 (postrainy), and over check value from -98.17

to 116.88 (rainy) and -96.49 to 100.61 (postrainy) (Table 18).

positive heterosis (desirable for recovery resi was exhibited by hybrids
over mid parent, twenty hybrids over better parent, twenty hybrids over check in rainy season, and fifteen hybrids

over mid parent; eighteen hybrids over better parent; and five hybrids over check in pustrainy season.

During rainy season significantly high positive heterosis of >50.00 was exhibited by the hybrids,

SPSFR 94002A x ICSR 89076 (developed on rainy season-bred resistant female lines), SPSFPR 94001A x ICSR

93010 (developed on y iny season-bred resistant female lines), ICSA 20 x 1CSR 90002, 1CSA 89004 x ICSR
90005, ICSA 90002 x ICSR 90002 (susceptible female lines) over mid parent, SPSFR 94002A x 1CSR 89076
(developed on rainy season-bred resistant female lines), SPSFPR 94001A x ICSR 90014, SPSFPR 94001A x ICSR
93010 (developed on postrainy season-bred resistant female lines), ICSA 89001 x ICSV 89030, ICSA 90002 x ICSV
712, 1CSA 20 x ICSR 90002, ICSA 20 x ICSR 93005, ICSA 89001 x ICSR 90014, ICSA 89004 x ICSR 90005, ICSA
90002 x ICSR 90002, ICSA 89001 x ICSR 93031, ICSA 89001 x ICSR 93010 (developed on susceptible female lines)
over better parent; SPSFR 94003A x ICSV 89030 and SPSFR 94002A x ICSR 89076 (developed on rainy season-
bred resistant female lines), SPSFPR 94001A x ICSR 90014, SPSFPR 94002A x ICSR 89076, SPSFPR 94002A x
ICSR 90014, SPSFPR 94001A x ICSR 93010, SPSFPR 941024 x ICSV 89015 (developed on postrainy season-bred
resistant female lines), ICSA 89001 x ICSV 88088, ICSA 89001 x ICSV 89030, ICSA 20 x ICSR 90002, ICSA 20
xICSR 90005, ICSA 89001 x ICSR 90014, ICSA 89004 x ICSR 90005,ICSA 89001 x ICSR 93031, ICSA 89001 x
ICSR 93009, ICSA 89004 x ICSV 88088, ICSA 89001 x ICSR 93010 and ICSA 89004 x ICSR 93011 (developed

on susceptible female lines) over check.

During postrainy season significantly high positive heterosis (280.00) was exhibited by SPSFR

940024 x lCSk 89076, SPSFR 940024 x ICSR 90002, SPSFR 940014 x ICSR 89076, SPSFR 94001A x ICSR



90002, SPSFR 94031A x ICSR 89076, SPSFR 94001A x ICSR 93011 and SPSFR 940314 x ICSR 93009 (developed
on rainy season-bred resistant female lines), ICSA 20 x ICSV 712 (developed on susceptible female lines), SPSFPR

94001A x ICSR 89076 and SPSFPR 94007A x ICSR 89076 (developed on iny season-bred resistant female

lines) over mid parent; SPSFR 94001A x ICSV 89015, SPSFR 94002A x ICSR 89076, SPSFR 940024 x 1CSR
90002, SPSFR 940014 x ICSR 89076, SPSFR 94001A x ICSR 90002, SPSFR 94031A x 1CSR 89076, SPSFR
94001A x ICSR 93011 (developed on rainy season-bred resistant female lines), SPSFPR 94001A x ICSR 89076,

SPSFPR 94007A x ICSR 89076 and SPSFPR 94007A x ICSR 93011 ( ped on postrainy season-bred resistant

female lines), ICSA 90002 x ICSR 93031, ICSA 89004 x ICSR 93011, ICSA 20 x ICSV 712, 1CSA 89001 x 1CSV
88088, ICSA 89001 x ICSV 89030, ICSA 20 x ICSR 93031 and ICSA 89001 x ICSR 93011 (developed on susceptible
female lines) over better parent; and ICSA 89004 x ICSV 88088 and 1CSA 20 x ICSV 712 (developed on susceptible

female lines), SPSFR 94001 A x ICSR 89076 (developed on rainy season-bred resistunt female line) over check.

Thus, during rainy season significantly high positive heterosis (250.00) was exhibited by six
hybrids over mid parent, twelve hybrids over better parent, and eighteen hybrids over check. During postrainy
season significantly high positive heterosis (>80.00) was recorded by ten hybrids over mid parent; sixteen hybrids

over better parent; and two hybrids over check.

4.6.9  Productive Tillers plant”'

In rainy season, the heterosis ranged from -47.00 to 73.33 (over mid parent), -47.00 to 67.74 (uver
better parent) and -47.10 to 56.00 (over check). During postrainy season the heterosis ranged from -49.81 to 303.03

(over mid parent), -66.50 to 303.00 (over better parent) and -52.14 to 298.51 (over check) (Table 19).

Significantly positive heterosis (desirable for recovery resistance) was exhibited by four hybrids
over mid parent, three hybrids over better parent, and one hybrid over check in rainy season; eighteen hybrids over

mid parent, nine hybrids over better parent, and eight hybrids over check in postrainy season.

During rainy season, none of the hybrids exhibited significantly high positive heterosis of 2100.00.

During postrainy season signiticantly high positive heterosis (>100.00) was exhibited by SPSFR 94003A x ICSV
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89030, SPSFR 940014 x ICSV 89015, SPSFR 94003A x ICSR 90002, SPSFR 94001A x ICSR 89076, SPSFR
94001A x ICSR 90002, SPSFR 940314 x ICSR 89076, SPSFR 94031A x 1CSR 93009 (developed on rainy season-
bred resistant female lines), SPSFPR 94001A x ICSR 89076, SPSFPR 940024 x ICSR 90002, SPSFPR 940024 x

ICSR 90014, SPSFPR 94005A x ICSR 90002, SPSFPR 94007A x ICSR 89076 (developed on iny season-bred

resistant female lines), ICSA 89004 x ICSR 90002 (developed on susceptible female lines) over mid parent; SPSFR
94003A x ICSV 89030, SPSFR 94001A x ICSR 89076, SPSFR 94031A x ICSR 89076, SPSFR 94031A x ICSR 93009

(developed on rainy season-bred resistant female lines), SPSFPR 94002A x ICSR 90014, SPSFPR 94007A x ICSR

89076 (developed on postrainy season-bred resistant female lines) over better parent; SPSFR 94001A x 1CSV
89015, SPSKR 94001A x ICSR 89076, SPSFR 94001A x ICSR 90002 (developed on rainy season-bred resistant

female lines), SPSFPR 94007A x ICSR 89076 (developed on postrainy season-bred resistant female line) over check.

Thus, none of the hybrids showed significantly high positive heterosis (>100.00) over mid parent,
better parent and check in rainy season, whereas significantly high positive heterosis (x100.00) was exhibited by

thirteen hybrids over mid parent; six hybrids over better parent; four hybrids over check in postrainy season.

4.6.10  Yield (UNI)

In rainy season, the heterosis rangied from -93.68 to 1127.95 (over mid parent), -94.85 to 1127.75
(over better parent) and -63.14 to 1739.83 (over check). In postrainy season, the heterosis ranged from -99.94 to
180,93 (over mid parent), from -99.95 to 165.30 (over better parent), and from -99.94 to 191.60 (over check)

(Table 19,

Significant positive heterosis (desirable) was exhibited by fourteen hybrids over mid parent,
thirteen hybrids over better parent, and forty hybrids over check in rainy season and thirty four hybrids over mid

parent, twenty four hybrids over better parent and thirty six hybrids over check in pustrainy season.

During rainy season, significantly high positive heterosis of >200.00 was recorded by SPSFR
94002A x ICSV 712, SPSFR 94002A x ICSV 88088, SPSFR 94002A x [CSV 89030, SPSFR 94001A x ICSV 712,

SPSFR 94001A x ICSV 89030, and SPSFR 940024 x ICSR 89076 (developed on rainy season-bred resistant female



lines), ICSA 89001 xICSR 93031 (developed un susceptible female lines) over mid parent; SPSFR 940024 x 1CSV
712, SPSFR 94002A x ICSV 88088, SPSFR 94002A x ICSV 89030, SPSFR 94001A X ICSV 712, and SPSFR 940024
x ICSR 89076 (developed on rainy season-bred resistant female lines), ICSA 89001 x ICSR 93031 (developed on
susceptible female line) over better parent; and SPSFR 94002A x ICSV 712, SPSFR 94002A x ICSV 88088, SPSFR
94002A x ICSV 89015, SPSFR 94002A x ICSV 89030, SPSFR 94001A x ICSV 712, SPSFR 94031A x ICSV 89015,
SPSFR 94031A x ICSV 89030, SPSFR 94002A x [CSR 89076, SPSFR 94002A x ICSR 90002, SPSFR 940024 x
ICSR 90005, SPSFR 94002A x ICSR 90014, SPSFR 94003A x ICSR 90014, SPSFR 94031A x ICSR 89076, SPSFR
94031A x ICSR 90002, SPSFR 94031A x ICSR 90005 and SPSFR 94031A x ICSR 90014 (developed on rainy
season-bred resistant female lines), SPSFPR 94002A x ICSV 88088, SPSFPR 94001A x ICSR 93010, SPSFPR

94007A x ICSR 93011, SPSFPR 94002A x ICSR 90005, SPSFPR 940024 x ICSR 90014, SPSFPR 94005A x ICSR

90005 and SPSFPR 94007A x ICSR 89076 (developed on postrainy season-bred resistant female lines), ICSA 89004
X ICSV 89015, ICSA 90002 x ICSV 88088, ICSA 90002 x ICSV 89030, ICSA 20 x ICSR 89076, ICSA 20 X 1CSR
90014, ICSA 89004 x ICSR 89076, ICSA 89004 x ICSR 90014, ICSA 90002 x ICSR 90005, ICSA 90002 x ICSR
90014, ICSA 20 x ICSR 93009, ICSA 20 x ICSR 93010, ICSA 89001 x ICSR 93031, ICSA 89001 x ICSR 93011,
ICSA 89001 x ICSR 93010, ICSA 90002 x ICSR 93009 and ICSA 90002 x ICSR 93010 (developed on susceptible

female lines) over check,

During postrainy season, significantly high positive heterosis (>100.00) was exhibited by the
hybrids, SPSFR 94002A x ICSV 712, SPSFR 94003A x ICSR 93031, SPSFR 94031A x ICSR 93010, SPSFR
94003A x ICSR 93009, SPSFR 94001A x ICSR 93009, SPSFR 94001A x ICSR 93010 and SPSFR 94031A x ICSR
93031 (developed on rainy season-bred resistant female lines), SPSFPR 94001A x ICSR 89076, SPSFPR 94001A
x ICSR 93009, SPSFI'R 94002A x ICSR 93031, SPSFPR 94002A x ICSR 93009, SPSFPR 94007A x ICSR 93031

and SPSFPR 94001A x ICSR 93031 loped on postrainy season-bred resistant female lines), 1CSA 20 x ICSR

93009, (developed on susceptible female line) over mid parent; SPSFR 94002A x ICSV 712, SPSFR 94003A x
ICSR 93031, SPSFR 94003A x ICSR 93009, SPSFR 94001A x ICSR 93009, SPSFR 94001A x ICSR 93040

(developed on rainy season-bred resistant female lines), SPSFPR 94001A x [CSR 93031, SPSFPR 94001A x ICSR

93009, SPSFPR 94001A x ICSR 89076 ( ped on iny season-bred resistant female lines) over better

P

parent; SPSFR 94003A x ICSR 93031, SPSFR 94003A x ICSR 93009, SPSFR 94001A x ICSR 93011, SPSFR

94001A x ICSR 93009, SPSFR 94001A x ICSR 93010, SPSFR 94002A x ICSV 712, SPSFR 94031A x ICSR 90014



(developed on rainy season-bred resistant female lines), SPSFPR 94001 A x ICSR 89076, SPSFPR 94005A x ICSR

90002, SPSFPR 94001A x ICSR 93031, SPSFPR 94001A x ICSR 93009, SPSFPR 940024 x ICSR 93031, SPSFPR

94005A x ICSV 89030 (developed on pe iny season-bred resistant female lines), ICSA 20 x ICSR 90002, ICSA
89001 x ICSR 90014, ICSA 89004 x ICSR 90014, ICSA 20 x ICSR 93009, ICSA 89001 X ICSR 93011, ICSA 90002

x ICSR 93011 (developed on susceptible female lines) over check.

Significantly high positive heterosis (>200.00) was during rainy season was exhibited by seven
hybrids over mid parent; five hybrids over better parent; and forty hybrids over check during rainy season. In
postrainy season significantly high positive heterosis (>100.00) was exhibited by thirteen hybrids over mid parent;

eight hybrids over better parent; and nineteen hybrids over check .

4.6.11  Yield (I)

During rainy season, the heterosis over mid parent ranged from -95.23 to 3219.35, over better
parent from -94.03 to 3219.35 and over check from -62.17 to 888.01. During postrainy season, the heterosis over
mid parent ranged from -70.65 to 312,61, over better parent from -78.57 to 303.18 and over check Irom -80.06 to

295.16 (Table 19).

Significant positive heterosis (desirable) was exhibited by nine hybrids over mid parent, five
hybrids over better parent, twenty two hybrids over check in rainy season; seventy seven hybrids over mid parent,

twenty hybrids over better parent, and seven hybrids over check in postrainy season.,

During rainy season, significantly high positive heterosis (>200.00) was exhibited by the hybrids,
SPSFR 94001A x ICSV 89030, SPSFR 94031A x ICSV 89030, SPSFR 94002A x ICSR 90002, SPSFR 94031A x
ICSR 89076 (developed on rainy season-bred resistant female lines) over mid parent; SPSFR 94002A x ICSV
88088, SPSFR 94031A x ICSV 89030, SPSFR 94031A x [CSR 89076 (developed on rainy season-bred resistant
female lines) over better parent; SPSFR 94001A x ICSR 93009, SPSFR 94002A x ICSV 712, SPSFR 94002A x

ICSV 88088, SPSFR 940014 x ICSV 89030, SPSFR 94002A x ICSR 89076, SPSFR 94002A x ICSR 90005, SPSFR



94002A x ICSR 90014, SPSFR 940034 x ICSR 90014 (developed on rainy season-bred resistant female lines),
SPSFPR 94005A x ICSR 89076, SPSFPR 94007A x ICSR 93009 and SPSFPR 94005A x ICSR 90005 (developed
on postrainy-season bred resistant female lines), ICSA 20 x ICSR 89076, ICSA 20 x ICSR 90005, ICSA 89004 x
ICSR 90005, ICSA 89004 x ICSR 90014, ICSA 20 x ICSV 712, 1CSA 90002 x ICSR 90002, ICSA 90002 x ICSR
93031 and ICSA 90002 x ICSR 93010, ICSA 89004 x ICSV 712, ICSA 89004 x ICSV 89015 and ICSA 89001 x

ICSR 93010 (developed on susceptible female lines) over check.

During postrainy season, significantly high positive heterosis of >100.00 was exhibited by the
hybrids, SPSFR 94002A x ICSV 712, SPSFR 940024 x ICSV 88088, SPSFR 94003A x 1CSV 712, SPSFR 94003A
x ICSV 89030, SPSFR 94001A x ICSV 712, SPSFR 94001A x ICSV 88088, SPSFR 94001A x 1CSV 89030, SPSFR
94031A x ICSV 89030, SPSFR 94003A x ICSR 90005, SPSFR 94003A x ICSR 90014, SPSFR 94031A x ICSR
90005, SPSFR 94002A x ICSR 93010, SPSFR 94003A x ICSR 93031, SPSFR 94001A x ICSR 93031, SPSFR
94001A x ICSR 93011, SPSFR 94001A x ICSR 93009, SPSFR 94001A x ICSR 93010, SPSFR 94031A x ICSR
93010 (developed on rainy season-bred resistant female parent); SPSFPR 94001A x ICSV 712, SPSFPR 94002A
X ICSR 90014, SPSFPR 94001A x ICSR 93009, SPSFPR 94001A x ICSR 93010 (developed on postrainy season-
bred resistant female parents), 1CSA 20 x ICSV 89030, 1CSA 20 x ICSR 93031 (developed on susceptible female
lines) over mid parent; SPSFR 940024 x 1CSV 712, SPSFR 940024 x ICSV 88088, SPSFR 94001A x ICSV 712,
SPSFR 94001A x ICSR 93011, SPSFR 94001A x ICSR 93010, SPSFR 94031A x 1CSR 93010 (developed on rainy
season-bred resistant female parent), SPSFPR 940024 x ICSR 90014, SPSFPR 94001A x ICSR 93009, SPSFI'R

94001A x ICSR 93010 (developed on iny season-bred resistant female lines), ICSA 20 x ICSV 89030 and

1CSA 20 x ICSR 93031 (developed on susceptible female parent) over better parent.

Significantly high positive heterosis of >200.00 was exhibited by five hybrids over mid parent, two
hybrids over better parent and twenty two hybrids over check in rainy season. During postrainy season,
significantly high positive heterosis (>100.00) was exhibited by twenty four hybrids over mid parent and eleven

hybrids over better parent. None of the hybrids exhibited significant high heterosis (>100.00) over check.



4.6.12 Plant Height

The heterosis over mid parent ranged from -11.51 to 95.04 (rainy) and -22.50 to §9.42 (postrainy),
over better parent from -20.00 to 71,02 (rainy) and -36.36 to 44.73 (postrainy), and over check from -50.00 to 7.14

(rainy) and -44.00 to 58.01 (postrainy) (Table 19).

Significant positive heterosis (desirable) was exhibited by sixty one hybrids over mid parent,
twenty seven hybrids over better parent in rainy season; fifty one hybrids over mid parent, sixteen hybrids over

better parent and four hybrids over check in postrainy season.

During rainy season, significantly high positive heterosis of >50.00 was exhibited by SPSFR
94003A x ICSV 89015, SPSFR 94002A x ICSR 93009, SPSFR 94001A x ICSR 93009, SPSFR 94031A x 1CSR 93010
(developed on rainy season-bred resistant female lines), SPSFPR 94001A x ICSV 89015, SPSFPR 94002A x ICSV
89015, SPSFPR 94001A x ICSR 90002, SPSFPR 94001A x ICSR 90005, SPSFPR 94001A x ICSR 93011, SPSFPR
94001A x ICSR 93009, SPSFPR 94002A x ICSR 93009, SPSFPR 940024 x ICSR 93010 (developed on postrainy
season-bred resistant female lines), [CSA 90002 x ICSR 93009 (developed on susceptible female lines) over mid
parent; SPSFR 94003A x ICSV 89015 (developed by rainy season-bred resistant female lines), SPSFPR 94001A
x ICSV 89015, SPSFPR 94002A x ICSV 89015, SPSFPR 94001A x ICSR 93009 (developed on postrainy season-
bred resistant female lines) over better parent. None of the hybrids showed significant positive heterosis over

check.

During postrainy season, significantly high positive heterosis (>30.00) was exhibited by the hybrids,
SPSFR 94001A x ICSV 88088, SPSFR 94031A x ICSV 712, SPSFR 94001 A x ICSR 90005, SPSFR 940014 x ICSR
93011, SPSFR 94001A x ICSR 93009, SPSFR 940014 x ICSR 93010, SPSFR 94031A x ICSR 93031 (developed on
rainy season-bred resistant female lines), SPSFPR 94002A x ICSV 89015, SPSFPR 94001A x ICSR 90002, SPSFPR
94002A x ICSR 90002, SPSFPR 94001A x ICSR 93031, SPSFPR 94001A x ICSR 93011, SPSFPR 94001A x ICSR

93009, SPSFPR 94001A x ICSR 93010, SPSFPR 940024 x ICSR 93031, SPSFPR 940024 x ICSR 93011, SPSFPR



94002A x ICSR 90002, SPSFPR 94001A x ICSR 93031, SPSFPR 94001A x ICSR 93011, SPSFPR 94001A
x ICSR 93009, SPSFPR 94001A x ICSR 93010, SPSFPR 94002A x ICSR 93031, SPSFPR 94002A x ICSR
93011, SPSFPR 94002A x ICSR 93009, SPSFPR 94002A x ICSR 93010, SPSFPR 94005A x ICSR 93011,
SPSFPR 94005A x ICSR 93009, SPSFPR 94005A x ICSR 93010, SPSFPR 94007A x ICSR 93031, SPSFPR
94007A x ICSR 93009 (developed on postrainy season bred resistant female lines), ICSA 90002 x ICSR
93009, ICSA 20 x ICSV 712, ICSA 90002 x ICSR 90005, ICSA 90002 x ICSV 712 (developed on susceptible
female lines) over mid parent; SPSFPR 94002A x ICSV 89015, SPSFPR 94002A x ICSR 90002 (developed
on postrainy scason-bred resistant female lines), ICSA 90002 x ICSV 712 (developed on susceptible female

line) over better parent; SPSFPR 94001A x ICSR 90002 (developed on postrainy bred resistant

female line) over check.

Thus, in rainy season high positive heterosis (>50.00) was exhibited by thirteen hybrids over mid parent;
four hybrids over better parent; and none of the hybrids showed high positive heterosis over check.
Significantly high positive heterosis (>30.00) was exhibited by twenty seven hybrids over mid parent; three

hybrids over better parent; and only one hybrid over check in postrainy season.

4.6.13  Days to 50% Flowering

During rainy season, the heterosis ranged from -9.24 to 6.22 (over mid parent), from -8.17
10 6.21 (over better parent), and from -2.37 to 9.22 (over check value). During postrainy scason, the heterosis
ranged from -30.56 to 16.12 (over mid parent), from -60.00 to 16.12 (over better parent), and from -13.92

t0 9.13 (over check) (Table 19).

During rainy season, none of the hybrids exhibited significant positive heterosis (for lateness)
over cither mid parent or better parent. Only one hybrid exhibited significant positive heterosis over check

» SPSFPR 94001A x ICSV 89015 (d ped on postrainy bred resistant female linc). Significant

negative heterosis (for carliness) was exhibited by SPSFR 94001A x ICSV 88088 and SPSFR 94002A x ICSR

93031 over both mid and better parents (g ped on rainy bred female lines). None of the

hybrids exhibited significant negative heterosis over check.



In postrainy season, significant positive heterosis (for Lateness) over mid parent was exhibited by
the hybrids, SPSFR 94003A x ICSV 89015, SPSFR 94002A x ICSR 90005, SPSFR 94003A x ICSR 90002, SPSFR
94001A x ICSR 89076, SPSFR 94001A x ICSV 89015, SPSFR 94002A x ICSR 93009, SPSFR 940014 x ICSV 89030
(developed on rainy season-bred resistant female lines), SPSFPR 94001A x ICSV 712, SPSFPR 94001A x ICSR
89076, SPSFPR 94007A x ICSR 89076, SPSFPR 94007A x ICSR 90002 (developed on postrainy season-bred
resistant female lines), ICSA 90002 x ICSR 89076, ICSA 89001 x ICSV 88088, ICSA 89004 x ICSV 88088, ICSA
89004 x ICSV 89030 and ICSA 90002 x ICSV 89030 (developed on susceptible female lines). Significant positive
heterosis over better parent was exhibited by SPSFR 94003A x ICSV 89015, SPSFR 94001A x ICSV 89015, SPSFR
94002A x ICSR 93009, SPSFR 94002A x ICSR 90005, SPSFR 94001A x ICSR 89076, SPSFR 94001 A x ICSV
89030 (developed on rainy season-bred resistant female lines), SPSFPR 94001 A x ICSR 89076, SPSFPR 94007A
x ICSR 89076, SPSFPR 94001A x ICSV 712, SPSFPR 94005A x ICSV 89015 (developed on postrainy season-bred
resistant female lines), ICSA 89004 x ICSV 88088, ICSA 89004 x ICSV 89030, ICSA 90002 x ICSV 89030, ICSA
90002 x ICSR 89076 and ICSA 89001 x ICSR 93009 (developed on susceptible female lines). Significant positive
heterasis over check was exhibited by ICSA 90002 x ICSV 89030 (developed on susceptible female line), SPSFR
94002A x ICSR 90005, SPSFR 94031A x ICSR 89076 (developed on rainy season-bred resistant female lines) and

SPSFPR 94007A x ICSR 90002 and SPSFPR 94001A x ICSV 712 (developed on postrainy season-bred resistant

female lines).

During postrainy season, significant negative heterosis (for earliness) over mid parent was

exhibited by the hybrids, SPSFPR 940024 x ICSR 93010, SPSFPR 94005A x ICSR 93011, §

SFPR 94005A x ICSR
93010, SPSFPR 94002A x ICSR 90014 (developed on postrainy season-bred resistant female lines), ICSA 20 x ICSR
90005, ICSA 89004 x ICSR 90014, ICSA 90002 x ICSR 90002, ICSA 90002 x ICSR 90005, SPSFR 94002A x ICSR
93011, {CSA 89004 x ICSR 93031, ICSA 89004 x ICSR 93010, ICSA 90002 x ICSR 93011 (developed on susceptible

female lines). Significant negative heterosis over better parent was exhibited by SPSFPR 94005A x ICSR 93010

ped on p i son-bred resistant female line), ICSA 89004 x ICSR 90014 and ICSA 89004 x ICSR
93010 (developed on susceptible female line). Significant negative heterosis over check value was exhibited by
SPSFR 94003A x ICSV 88088, SPSFR 94001A x ICSV 712, SPSFR 94001A x ICSV 88088, SPSFR 94031A x ICSV

89015, SPSFR 94001A x ICSR 90005, SPSFR 94001A x ICSR 90014, SPSFR 94031A x ICSR 90005, SPSFR



94031 A x ICSR 90014, SPSFR 94002A x [CSR 93011, SPSFR 94003A x [CSR 93031, SPSFR 940034 x ICSR
93009, SPSFR 94003A x ICSR 93010, SPSFR 94001A x ICSR 93031, SPSFR 94001A x ICSR 93011, SPSFR
94001 A x ICSR 93009, SPSFR 94001A x ICSR 93010, SPSFR 94031A x ICSR 93031, SPSFR 94031A x ICSR
93011, SPSFR 940314 x ICSR 93009 and SPSFR 940314 x ICSR 93010 (developed on rainy season-bred resistant
female lines), SPSFPR 94001A x ICSV 712, SPSFPR 94001A x 1CSV 88088, SPSFPR 94001A x ICSV 89015,
SPSFPR 94002A x ICSV 712, SPSFPR 94002A x ICSV 88088, SPSFPR 940024 x ICSV 89030, SPSFPR 94005A
x ICSV 712, SPSFPR 94007A x ICSV 712, SPSFPR 94007A x 1CSV 88088, SPSFPR 94007A x ICSV 89015,
SPSFPR 94007A x ICSV 89030, SPSFT'R 94002A x 1CSR 90005, SPSFPR 94002A x ICSR 90014, SPSFPR 94005A
x1CSR 90008, SPSFPR 94001A X ICSR 93031, SPSFPR 94002A x ICSR 93031, SPSFPR 940024 x ICSR 93011,
SPSFPR 94002A x ICSR 93010, SPSFPR 94005A x ICSR 93031, SPSFPR 94005A x ICSR 93011, SPSFPR 94005A
x ICSR 93010, SPSFPR 94007A x ICSR 93031, SPSFI'R 94007A x ICSR 93011, SPSFPR 94007A x ICSR 93010
(developed on postrainy season-bred resistant female lines), [CSA 20 x ICSV 88088, ICSA 20 x ICSV 89015, [CSA
20 x ICSV 712, ICSA 20 x ICSV 89030, ICSA 89001 x 1CSV 712, ICSA 89001 x ICSV 89015, ICSA 89004 x ICSV
712, ICSA 89004 x ICSV 89015, ICSA 90002 x ICSV 712, ICSA 90002 x ICSV 88088, ICSA 20 x ICSR 89076,
1CSA 20 x ICSR 90002, ICSA 20 x ICSR 90005, ICSA 20 x ICSR 90014, ICSA 89001 x ICSR 90002, ICSA 89001
X ICSR 90005, ICSA 89001 x ICSR 90014, ICSA 89004 x ICSR 90002, ICSA 89004 x ICSR 90005, ICSA 89004
x ICSR 90014, ICSA 90002 x ICSR 90002, ICSA 90002 x ICSR 90005, ICSA 90002 x ICSR 90014, ICSA 20 x ICSR
93011, ICSA 20 x ICSR 93009, ICSA 20 x ICSR 93010, ICSA 89001 x ICSR 93031, ICSA 89001 x ICSR 93011,
1CSA 89004 x ICSR 93031, ICSA 89004 x ICSR 93010 and ICSA 90002 x ICSR 93011 (developed on susceptible

female lines),

Thus, in rainy season none of the hybrids showed significant positive heterosis (desirable for
lateness) either over the mid parent or better parent and only one hybrid showed significant positive heterasis over
check; significantly negative heterosis (desirable for earliness) was exhibited by two hybrids aver mid parent; two
hybrids over better parent; and none of the hybrids recorded significant negtative heterosis over check. In postrainy
season, sixteen hybrids recorded significantly positive heterosis over mid parent; fifteen hybrids over better parent,
and five hybrids over check; and significant negative heterosis was exhibited by thirteen hybrids over mid parent,

three hybrids over better parent and seventy five hybrids over check.
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CHAPTER V

DISCUSSION

The sorghum shoot fly, 4. soccata is a major pest of sorghum in Asia causing severe damage to the
seedlings and is an important yicld limiting factor in both rainy and postrainy seasons (Jotwani, 1981).
Planting carly in the rainy season enables the crop to escape from shoot fly attack, as the crop grows over

the vulnerable stage (early scedling stage) at which time the shoot fly buildup is low. The All India

Coordi d Sorghum Imp Prog (AICSIP) ds carly planting in the late part of
September (middic of October normal sowing) in order to boost postrainy season sorghum productivity, but
the shoot fly buildup is heavy during this period in postrainy scason, Hence it is experienced that host plant
resistance is required to permit following the recommended carly planting to reduce the losses caused by

shoot fly in sorghum and stabilizing the yicld.

Significant variability for resistance has been established among germplasm lines (Dabholkar et al,
1989). AtICRISAT, resistant sources have been identified and genetic diversity was observed for shoot fly
resistance in these sources (Aganwal and Abraham, 1985). However, improvement of varietics (pure lines)
for postrainy season has not met with success in Indian NARS or ICRISAT programs. In view of high levels
of heterosis (advantage of hybrid over the pure lines) reported in sorghum by several workers for various
traits, in particular for grain yield and fodder yield (Rao and Murthy, 1970; Quinby, 1970), hybrids are the

target materials in various breeding programs.

Some studies showed that the inheritance of resistance to shoot fly is quantitative and polygenicaily

lled. It is exy d as a domi trait under low shoot fly pressure and additive or additive x additive
under high pressure (Borikar and Chopde, 1980). Thesc studics were based on crosses involving pure lines.
However, the hybrids developed from male steriles released for postrainy season are said to be highly

susceptible to shoot fly (Rao and Rao, 1956; Jotwani and Sri ,1970). Yet, i ion on inheritance




of shoot fly resistance in hybrids developed from cms lincs is scanty primarily because shoot fly resistant cms
lines are not available with many sorghum improvement programs. ICRISAT Asia Center bred shoot fly
resistant cms lines specifically for rainy and postrainy seasons, but the information on the role of cms systems

and value of specific breeding approaches followed is not documented adequately.

The present study involved 144 hybrids developed at ICRISAT during 1994/95 by crossing 12
cytoplasmic male sterile lines to 12 diverse testers to produce 9 sets of 4 x 4 line x tester combinations and it
was initiated with the primary focus on finding the methods of developing shoot fly resistant hybrids from

cms lines and methods of breeding shoot fly resistant cms lines. More ifically, the i igati Idi

the following:

L Evaluate the methods of screening and to determine appropriate method and range of shoot fly load
at which the genotypes can be discriminated casily.
2. Characterize the various types of parents (cms lines and restorer lines) with known breeding history

for shoot fly resistance and various characters that contribute to resistance,

3. D ine the itude of cor ions between various characters and shoot fly resistance

4. Determine the value of crossing various types of parents in producing shoot fly resistant hybrids.

S, Study the genctics of resistance to shoot fly in hybrids involving parents of different origins and
with different resistance levels.

Tancja and Leuschner (1985) outlined ing d aimed at diffc i L

genotypes for shoot fly resistance. The same procedure was adapted here for screening in rainy season
(EIIK) and postrainy season (EIIR), experiments with artificial infestation. The other two experiments

under natural infestation were EIK during rainy scason, and EIR during postrainy scason.

Deadheart percentage is a major parameter used to gauge resistance to shoot fly. High range and low

CV provide ready di among genotypes and these were used here to determine

which of thep d (artificial natural ion), scasons (rainy and postrainy scasons)




and pest pressures (low v high pest pressures) as outlined above provided better discrimination among the

genotypes,
In rainy scason, both artificial and natural i ded high deadh [\ ge. Mean
dcadheart p ge in the ptible check, CSH 9 was 93.28% under natural infestation and 95.23%

under artificial infestation. The resistant check, IS 18551 recorded 68.01 under natural infestation and 53.93

under artificial i ion. During p iny season, the deadheart p ges were 72.61 (EIR) and 65.83
(EIIR) in susceptible check, CSH 9 and 59.06 (EIR) and 34.46 (EIIR) in resistant check, IS 18551,
Considering these, it can be scen that there is no significant difference between the natural and artificial
environments during rainy season. It is possible that high shoot fly pressure was built up in natural

nvil due to envi

such as high temperature with intermittent rains which

favoured high ovipesition in the natural envi As a result both the trials, sown on the same day

showed similar deadheart pressure. During postrainy scason, the oviposition in the artificial envi

(planted late, average minimum temperature in the first 20 days was 15.4°C) was lower than in the natural
environment which was planted carly when the average minimum temperature was high ( 21.7°C). This

might have lead to the less T in artificial envi in spite of providing opportunities

to enhance shoot fly population through interlards and fish meal placement. Thus, the desired fly activity

could not be realized in artificial environment in the postrainy season duc to environmental conditions.

Hence to ensurc uniform shoot fly p under ficld ditions shoot fly population dy ics should be

studied through monitoring the adult flies by fish meal-baited traps, egg count on scedlings and actual

damage to the sorg| seedling (deadhearts). Thus

ge of peak activity period of shoot fly during

the scason cnables us to plant the test material at an appropriate time to provide sufficient insect pressure.

To test the insect uniformity, a susceptible control is planted at frequent intervals across the field and by

ible controf at 1

hecking the deadh P ge damage in p q intervals, the desired level of
infestation can be maintained by intervening shoot fly control sprays when the deadhcart (%) exceeds 50%
in the susceptible control. Differences among the genotypes in each of the rainy season experiments arc
barely significant because the pest pressure was very high (>90% in the susceptible check). On the other

hand, highly significant differences among the genotypes for deadheart % were observed in both the



postrainy scason experiments. This shows that the genotypes can be discrimi d effectively for

when deadheart % ranges around 60 - 70 in susceptible checks.

Shoot fly lays white, clongated, cigar-shaped eggs singly on the under surface of the leaves paralicl to
themidrib at secdling stage. The larva after hatching crawls along the leaf sheath and moves upward to
reach the plant whorl. So it is expected that various leaf parameters such as carly seedling vigour and

glossiness in carly stage may have a role to play in oviposition prefc / non p of the genotypes.

Other factors such as trichomes and leaf parameters were reported by several workers ( Maiti and Bidinger,
1979; Khurana and Verma , 1985) to contribute to resistance. Traits such as tillering and uniformity in
recovery may measure the ability of genotypes to recover and provide grain yield inspite of attack. In
addition, traits such as plant height, days to 50% flowering and grain yield arc the plant parameters
contributing to the adaptation of the genotypes. However, it may not be possible to measure all the traits

in the field to alevelto discriminate the genotypes.

The statistics (range, mean, SE and CV) were examined to find out which of the several traits
particularly the ones related to resistance can be used to differentiate the genotypes. Only traits such as early
seedling vigour, glossiness, 11 total egg count, trichomes (AB) in uninfested plants, I deadheart% ( EIK and
ENK), III deadhcart % (EIR and EIIR), 5" leaf length, 5" leaf width, 5" lcaf droopiness, days to 50%
flowering, plant height, total tillers plant”, productive tillers plant”, uniformity in recovery and yield (UNI
and I) showed high range with low CV across all four environments and therefore were used to differentiate

the genotypes.

5.1 Mean performance of different genotypes for various characters

Sorghum shows two types of resistance to shoot fly. The first is primary resistance (seedling
resistance), which is indicated by differences in the number of scedlings attacked by the pest (Doggett etal,

1970). The sccond, recovery resistance (Doggett ef al., 1970), involves the ability of injured plant to recover



successfully from the primary attack of shoot fly. A critical analysis of mean performance of hybrids and
parents over two seasons in two different environments viz, rainy (EIK and EIIK) and postrainy (EIR and

EIIR) scasons revealed that many traits i to the resi: as d by deadh The shoot

fly resistance (low deadhcart %) was found to be influcnced by carly seedling vigour, glossiness, trichome
density, S* leaf length, 5* leaf width, §* leaf droopiness, uniformity in recovery, plant height (positively) and
by egg count, total tillers, productive tillers, yicld and days to 50% flowering (negatively). Among these,
carly scedling vigour, glossincss, trichome density, 5™ leaf length, 5" leaf width, 5™ leaf droopiness and egg
count are traits related with primary resistance. Other traits, like uniformity in recovery, total tillers and

productive tillers infl the recovery

The susceptible parental lincs had significantly more egg laying and higher percentage of deadhearts

than the resistant parental lines indicating that the breeding method employed to develop the resistant

parental lines was effective. The egg laying and deadheart percentage were higher during rainy season
compared to postrainy season. These results revealed strong scasonal effects on the genetic control of shoot

fly resistance. Similar results were obtained by Jotwani and Srivastava (1970) and Farah (1992), who

ggested that fluctuations in shoot fly incidence were due to logical factors such as temperature and

relative humidity, which appeared to be congenial for shoot fly survival during kharif season. Differences

Dbetween seasons for carly scedling vigour, glossi ovipositional prefc 5* leaf length, 5 leaf width,

5% leaf droopiness and trichome density were significant. The genotypes with primary resi were found
to be highly vigorous, more glossy, with greater 5" leaf length, 5* leaf width, 5" leaf droopiness and trichome

density during rainy scason than in postrainy scason. This was probably due to envil | variati

The resistant parental lines and hybrids involving resistant parents were superior for resistance compared
to the susceptible parental lines and their corresponding hybrids. The roles of various traits on shoot fly
resistance were reported by several workers, Tancja and Leuschner (1985), and Patel and Sukhani (!990)
on scedling vigour; Blum (1968 & 1972) on glossiness; Maiti and Bidinger (1979), Maiti et al. (1980),

Tancja and Leuschner (1985) on trichomes and Khurana (1980), Vijayalakshmi (1993) on leaf parameters.

Uniformity in recovery, production of tillers plant’ and productive tillers plant”, -the parameters that

reflect recovery resistance were greater during postrainy season than in rainy season, while the converse was



the case with egg laying and deadheart damage. Perhaps, high shoot fly pressure in rainy season might have
caused attack on the tillers repeatedly particularly when the shoot fly populations progressively increase as
the rainy season continues. This was supported by the findings of Singh and Rana (1986). Shoot fly resistant
parental lines and hybrids involving resistant parental lincs showed greater uniformity in recovery than
susceptible parental lines and corresponding hybrids indicating that the tillers of resistant cultivars were less
preferred by the shoot fly for cgg laying and hence recovered faster than susceptible cultivars. This was in
confirmation of the findings of Deeming (1972). However, susceptible cultivars and their respective hybrids
showed higher total tiller production than resistant ones. Thus significant differences were maintained

between resistant and susceptible varieties for tiller number as was also reported by Sharma e al. (1977).

As expected, susceptible parental lines p number of tillers. On the contrary,

PRLR lines also produced i number of productive tillers which may be due to their photoperiod

sensitivity. Although the total tiller production was more in ptible genotypes there was no significant

difference for productive tiller production among the hybrids indicating tiller devel to

'deadheart' formation in the main shoot and subsequent survival and recovery depend on the level of
primary resistance. The hybrids and parental lines selected for primary resistance also showed high recovery
resistance indicating that higher plant recovery which is characteristic of resistant varicties, This
relationship revealed that recovery depends on the level of primary resistance as also observed by Singh and

Rana (1986).

The susceptible parental lines recorded higher grain yield plant” (under UNI conditions) compared
to resistant parental lines indicating the need to improve the yield potential of the resistant parcntal lines
through further breeding. Hybrids had significantly higher yield compared to their parents. This superiority

was as expected on account of heterosis in the hybrids. Thus the hybrids with high recovery resistance

appear to yield more under shoot fly infestation. The hybrids lving shoot fly resistant parents were
carlicr in flowering and taller than the hybrids involving susceptible parents. Similar results were also

recorded for plant height by Mate ef al (1979) and Singh and Jotwani (1980a).

The genotypes sclected for high per se performance based on the low deadheart percentage along with

grain yield revealed that several hybrids and parents had also exhibited superior performance"for ather



desirable traits (Table 20). Of all the genotypes selected (Table 20) the hybrids, SPSFR 94001A x ICSV
88088, SPSFR 94031A x ICSV 89030 and SPSFPR 94002A x ICSR 93010 and among the parents, the female
lines, SPSFR 94002A and SPSFR 94001A exhibited good shoot fly resistance along with high grain yield
across the seasons, All the selected 15 hybrids were developed from the resistant bred female lines, Of the
15 hybrids, one hybrid was from the susceptible bred line as pollinator, 11 hybrids were from the resistant

bred restorers and 3 hybrids were from the landrace restorers.

Among the hybrids selected for shoot fly resistance, the hybrids SPSFR 94003A x ICSV 89030, SPSFR
94001A x ICSR 93009 and SPSFPR 94007A x ICSR 90002 in spite of their high oviposition (ovipositional

showed low deadheart % indicating the of antibiosis mechanism which in some way
L b L )

hindered the shoot fly maggot to cause the damage. Jotwani and Srivastava (1970) observed that even after

liminating the non-pref hanism, some of the varieties exhibited moderate level of resistance to
shoot fly due to presence of antibiosis, Sharma and Rana (1983) also reported heritability of antibiosis in F,

and F, generations of high yiclding and resistant varictal crosses.

Inspite of high deadheart %, 18 hybrids recovered fast and produced significantly higher yicld. This
may be due to their intrinsic yield potential or due to their recovery resistance. The hybrids sclected for
recovery resistance are given in Table 21 Ofthe I8 hybrids sclected, only three hybrids were developed from
susceptible parents (SB cms and SBR), while the rest had one or both parents resistant, belonging to the
bred group (RBR cms, PRBR cms and RBR) or landrace group (PRLR). This again shows that the primary

resistance in the parents contributes to the recovery resistance in the hybrids.



le 20: Genotypes sclected based on the per se_performance for low deadheart percentage along with grain vield

Genotypy Group Scason sclected Sclection for other traits

I HYBRIDS

1. SPSFR94002A x ICSV 712 RBR cms x RBR Rainy Ovipositional non-preference, yleld

2. SPSFR 940024 x ICSV 88088 RBR ems x RBR Rainy Ovipositional non-preference, yicld

3. SPSFR 940024 x ICSV 89015 RBR cms x RBR Rainy Ovipositional non-preference, trichomes,
productive tillers, yleld

4, SPSFR 940024 x ICSV $9030 RBR ¢ms x RBR Rainy Ovipositional non-preference, yicld

5. SPSFR94003A x ICSV 88088 RBRems xRBR  Postrainy Ovipositional non-prefercnce, S*leaf length,
width, droopiness, uniformity in recovery,
productive tillers, yield

6. SPSFR94003A xICSV 89030 RBRcms xRBR  Postrainy Yield

7. SPSFR94001A x ICSV 88088 RBRems xRBR  Rainy & Postrainy i lossls

pref trichomes, p

yield

8. SPSFR94001A x ICSV 89030 RBRems x RBR - Rainy Ovipositional non-preference, total tillers,
productive tillers, yield

9. SPSFR94031A x 1CSV 89030 RBRems xRBR - Rainy & Postrainy  Ovipositional non-preference, uniformity In
recovery, yleld

10.  SPSFPR 94002A x ICSV 712 PRBRcms x RBR  Postrainy Glossiness, ovipositional non-preference,
trichomes,uniformity in recovery, productive
tillers, yleid

11, SPSFPR 940024 x 1CSV 89030 PRBR cms x RBR Postralny Glossiness, ovipositional non-preference,
5* leaf length, droopiness, uniformity in
recovery, yleld

12, SPSFPR 94007A x ICSR 90002 PRER cms x SBR Postrainy Yield

13.  SPSFR94001A x ICSR 93009 RBRcms x PRLR  Rainy Early scedling vigour, glossiness, trichomes,
5*leaf length, width, droopiness, uniformity
In recovery, productive tillers, yield

14, SPSFR94031A xICSR 93031 RBRems x PRLR  Postrainy Early scedling vigour, glossiness, ovipo-

sitional non-preference, 5*Icaf length,
width, droopiness, productive tillers, yield

15. SPSFPR94002A xICSR93010  PRBRcmsxPRLR  Rainy & Postrainy  Early secdling vigour, glossiness, uviposi-
tional non-prefercnee, trichomes, 5* leafl
length, width, droopiness, uniformity in

recovery, yle

I LINES

1. SPSFR 940027 RBR ems Rainy & Postrainy  Glossh
yleld

2. SPSFR94003A RBR cms Postrainy Glassiness,avipositional non-prefersnce,
uniformity in recovery, yieid

3. SPSFR94001A RBR cms Rainy & Postrainy  Glossiness,ovipositional non-preference,
trichomes, §® leaf length, yicld

4. SPSFPR 9400SA PRBR cms. Postrainy Ovipositional non-prefercnce, 5* leaf length,
yield

5. SPSFPR94007A PRBR cms Postrainy Early scedling vigour, glossiness,
ovipositional non-preference, 5* leaf length,

5*leaf droopiness, uniformity in recovery,
Yield



Table 21. Hybrids selected for recovery resistance
S| Hybrids Group Season selected Selection for other traits

1. SPSFPR 84007A x ICSV 712 PRBRcms x RBR  Postrz

yield

2, ICSA89004A «xICSV712 SBcms xRBR Rainy Total tillers, productive tillers, yield

3. SPSFR94001A xICSR90014 RBRcms x SBR Rainy Productive tiflers, yield

4. SPSFR94001A xICSR80005 RBRcms x SBR Rainy Productive tillers, yield

5. SPSFR94003A xICSR93009 RBRcms xPRLR Postrainy Uniformity in recovery,productive

tillers,yield

6. SPSFR94003A xICSR93010 RBRcms xPRLR  Postrainy i
yield

7. SPSFR94001A xICSR93010 RBRcms xPRLR Postrainy Uniformity in recovery, yield

8. SPSFPR94005A x ICSR93011 PRBRcms x PRLR Postrainy Uniformity in recovery, yield

9. SPSFPR94005A xICSR93010 PRBRcms xPRLR Rainy Uniformity in recovery, yield

10. SPSFPR94007A xICSR$3011 PRBRcms x PRLR Rainy i in recovery,
tillers,yield

11. SPSFPR94007A xICSR93010 PRBRcms x PRLR Rainy & Postrainy Uniformity in recovery,productive tillers,
yi

12. ICSA 88001 xICSR93011 SBcms  xPRLR Postrainy Productive tillers, yield

13. SPSFR94031A xICSR90002 RBRcms x SBR Rainy & Postrainy Productive tillers, yield

14. SPSFPR94007A xICSR 89076 PRBRcmsxSBR  Rainy Total tillers, productive tillers, yield
15. ICSA20 xICSR90002  SBcms x SBR Postrainy Total tiflers, productive tillers, yield
16. ICSA 85001 xICSR89076  SBcms x SBR Postrainy Total tillers, productive tillers,yield

17. ICSA 89004 xICSR90014  SBcms x SBR Postrainy Productive tillers, yield

18.  SPSFR94002A xICSR93010  RBRcms xPRLR __Postrainy Productive tillers, yield

5.2 Correlations

The associations between different characters which finally sum up in the expression of shoot fly
resistance - carly seedling vigour, leaf characters (glossiness, trichome density, leaf length, leaf width and leaf
droopiness), recovery traits (total tillers, productive tillers and uniformity in recovery), grain yield and
adaptation characters (days to 50% flowering and plant height)- in relation to shoot fly resistance parameters

(oviposition and d P ge), arc useful in formulating a breeding strategy as the correlated

response influences the selection criteria for genetic imp in selection prog; The phenotypi

correlation coefficient estimates between shoot fly P s and the ct g to

it, and among the characters themsclves are given in Table 8.



5.2.1 Early Seedling Vigour Vs Shoot Fly Resistance Parameters

Seedling vigour gives an idea about the growth rate during the carly and critical stage of the plant for
shoot fly incidence. It is expected that resistant cultivars may have high seedling vigour which enables them
to grow fast and may help to grow out the susceptible stage (scedling stage) in a relatively shorter period
than the slow growing susceptible cultivars. In this study, carly scedling vigour was negatively and
significantly correlated with cgg count and deadheart percentage in rainy season in the hybrids. There
existed a negative relationship only between the dead heart percentage and seedling vigour during postrainy
season in hybrids, and the corrclation between seedling vigour and egg count was also in the same direction
but not signifwan;t This indicates that there were fewer eggs and lower incidence of dead hearts in hybrids
which were more vigorous, while this relationship was not consistent and significant in case of parents during
both rainy and postrainy scasons. This inconsistency may be due to distinct expression of other traits that
may compensate the differences in egg laying in parcnts or the trait, carly vigour, might not have expressed
to the threshold limit to curtail oviposition leading to low deadheart. An examination of seedling vigour in

parents and hybrids showed that parents were not as vigorous as hybrids (Table 8).

The negative relationship between vigour and deadhearts (%) was in confirmity with the results
obtained by Taneja and Leuschner (1985) who reasoned that rapid growth of secdling may retard the first
instar larvae from reaching the growing point. Mate ef al (1979) also indicated that most resistant types grew
taller and had higher growth rate than the susceptible ones even though the growth rate difference was not
significant. Singh and Jotwani (1980a) also indicated that fast growth of scedling contributes to shoot fly

resistance.
5.2.2 Leaf Characters Vs Shoot Fly Resistance Parameters

Under ficld conditions, resistance is primarily due to non-preference for oviposition. The leaf is the

site of oviposition for shoot fly hence leaf characters such as glossiness of leaves, of trich , leaf

length, leaf width and leaf droopiness are the most imp traits which have positive influence on shoot

P

fly resistance.



Glossy leaves may possibly affect the quality of light refiected from them which in turn may influence
the host preference leading to less egg laying and deadhcarts. On the other hand, high trichome density on
the abaxial surface of the leaf leads to non-preference for oviposition by shoot fly and high density on the
adaxial surface may interfere with larval movement and survival leading to reduced deadhearts. Several
studies in sorghum have clearly supported this view (Maiti and Bidinger, 1979; Bapat and Mote, 1982;
Tancja and Leuschner, 1985; Jadhav et aL, 1986), The results obtained from present study also revealed that
there is a highly significant positive correlation between glossiness intensity and trichome density both, in
the parents (r = 0.58 and 0.36) and hybrids (r=0.43 and 0.35) for rainy and postrainy scasons respectively,
indicating that in most cases glossiness and trichomes exist together. This is quite an interesting and

important relationship from the view point of shoot fly resistance. Shoot fly egg laying and deadheart

percentage arc highly significantly and negatively iated with glossi and trich density in casc of
both parents and hybrids during rainy and postrainy seasons, indicating that both act as deterring factors

for ovipositional non-preference of the shoot fly to sorghum genotypes.

Davies and Seshu Reddy (1980) found fifth and fourth leaves are preferred in order, for oviposition
in the field. There is an inverse correlation between the distance of eggs from the base of the leaf blade and
production of 'deadhcarts’ in the infested scedlings (Mowafi, 1967). In this study, strong and significant

negative correlations between leaf parameters (5* leaf length, 5™ leaf width and 5™ leaf droopiness) and shoot

fly resi iposition and deadhcarts %) were noticed in both scasons in the hybrids. In the
case of parents, highly significant and negative correlations were observed only in rainy scason. Although
not significant, the correlations were in the same dircction during postrainy scason. Thus longer, wider and
drooper leaves may be contributing towards resistance to the shoot fly. Studies by Khurana (1980) also
showed significant negative correlation of shoot fly infestation with leaf length and leaf breadth, where as
Sandhu et L (1986) showed positive relationship in different varicties. Vijayalakshmi (1993) observed
correlations of leaf fength, width and drooping depth with deadhearts (%) in opposite dircctions in tall (+ve)
and dwarf (-ve) groups. The contrasting results might have been due to varied types of genetic material used
in the studics and/or due to existence of different biotypes with time. So far there is no report about the

existence of biotypes in shoot fly cither place specefic or time specific. The present study is only indication and

this, h , needs to be d fally in hoi dith



§.2.3 Recovery Traits Vs Shoot Fly Resistance Parameters

Early attack on the main shoot by shoot fly induces the production of few synchronous tillers, which
grow rapidly and most of which survive to produce harvestable earheads, so that the yield is not much
reduced. Thus, traits like uniformity in recovery, total tillers and productive tillers may be considered as

a dary mechanism of resi or recovery

Uniformity in recovery showed strong negative correlation with egg laying and deadheart formation
by shoot fly in the parents and hybrids in both the seasons. That means plants with fewer eggs and fewer

deadhearts recovered faster to give uniform growth and carhead production.

Shoot fly infestation (egg count and deadheart %) exhibited positive correlation with total tillers in
the hybrids consistently across the seasons, while such relationship in parents was not statistically consistent

across seasons, although numerically so. Thus, in general the susceptible genotypes have more tillers.

In the study, productive tillers were positively correlated with egg count in hybrids only in postrainy
season. During rainy scason, although such relation was not statistically significant but was in opposite
dircction in case of both parents and hybrids. This may be due to high shoot fly pressurce during rainy
scason, since the competition between flies for egg laying was more and in this case they had no choice. These
results are in confirmity with Singh and Rana (1986) who reported recovery resistance does not appear to
be an useful mechanism particularly when shoot fly populations progressively increase as the rainy scason
continucs. Thus, such relation was not strong and consistent with deadheart formation across the scasons

in both hybrids and parents.

5.2.4 Grain Yield Vs Shoot Fly Resistance Parameters

Grain yield in infested and uninfested conditions were significantly and positively correlated with

shoot fly oviposition in hybrids during rainy scason, and in case of parents during postrainy scason.



Deadheart formation showed significant positive relation with yicld (I) in case of hybrids (during rainy
scason) and parents (during postrainy scason). This means that the occurence of more deadhcarts may
support the role of other compensatory mechanisms such as recovery resistance (Doggett, 1972). This might
have been due to the fact that many cultivars were able to produce side tillers after the main shoot was killed
by shoot fly, which in turn could produce a reasonable yicld provided the plant was not attacked again and

optimum fertility and conditions p il isted.

5.2.5 Adaptation Characters Vs Shoot Fly Resistance Parameters

Positive corrclations were observed between days to 50% flowering and shoot fly resistance
parameters. This may be due to tiller production in infested plants which took more days for flowering across
the seasons. However such a relationship was not strong or consistent with the parents. Plant height was
negatively correlated with shoot fly resistance parameters in both the seasons. Earlier Mate ef al (1979)
indicated that most resistant types grew taller than susceptible ones. Singh and Jotwani (1980a) also
reported similar results. Karanjkar ef al (1992) noticed significant negative correlation hetween plant height
and shoot fly deadhearts. Vijayalakshmi (1993 ) also found that plant height was negatively correlated with

number of eggs 100 plants’ and deadheart percentage for dwarf and tall groups in rainy season.

5.3 INHERITANCE AND GENE ACTION

Hybrids, because of their h ic ad ge for productivity, are popular with farmers and
therefore form target material in many breeding programs. It is important therefore to know the type of
female parents and male parents that lead to shoot fly resistant hybrids. The 144 hybrid combinations in
the present study were categorised into nine distinct groups based on (he breeding history of the parents
(Table 9-11). Comparatively least egg count and low deadhcart % was recorded in all the hybrid groups
involving resistant parental groups, while other combinations (SB cms x RBR, RBR cms x SBR, PRBR cms
x SBR, SB cms x SBR, SB cms x PRLR) supported high cgg count with high deadheart % indicating

YRR 1ot averdomi

o for ptibility. This clearly indicates that to develop resistant




hybrids both male and female parents should be resistant. These findings were supported by Balakotaiah
et al (1975), Rana et al. (1975 & 1981), Sharma et aL (1977), Borikar and Chopde (1981), Biradar and

Borikar (1985), Nimbalkar and Bapat (1987) and Singh and Verma (1988).

Mean performance of the nine distinct groups with regard to different characters related to shoot fly
resistance revealed the superiority of PRLR group for seedling vigour, in both the seasons studied. The
hybrids involving resistant females (RBR cms x PRLR and PRBR cms x PRLR) recorded higher seedling
vigour compared to the SBR and SB cms parental lines and their hybrid groups. Seedling vigour was low

during postrainy scason compared to rainy scason and this tendency lary existed in ptibl

parental groups and their hybrids indicating dominance of low vigour over high scedling vigour in low
temperature conditions, This significs that the susceptible parental lines were also sclected indirectly for low

seedling vigour under low temperatures, and that the resistant genotypes for high scedling vigour,

Expression of glossiness was more in rainy season than in postrainy season. The hybrid groups
involving both parents with glossiness (RBR cms x RBR, PRBR ¢ms x RBR, RBR cms x PRLR and PRBR
cms x PRLR) were extremely glossy. On the other hand, the other groups of hybrids which involved one
glossy (RBR cms, PRBR cms and PRLR) parcent and another non-glossy (SB cms and SBR) parent or both
non-glossy parents were all non-glossy, irrespective of the scason, indicating that non-glossy trait was
dominant and the trait expression was stable across the scasons in the hybrids. This is in confirmation of the
results obtained by Tarumoto (1980), and Agarwal and House (1982) who found that glossiness behaves as

a recessive trait.

Season specificity for trichome density was reflected in the hybrid groups depending upon the type
of parents involved. In the hybrids of PRBR cms (postrainy season-bred resistant female lines) group the
trichome expression during rainy scason was lower than postrainy season. The same was observed in the
pareats. This showed that the female parents bred in postrainy season were indircctly selected for high

trichome density in the low temp ditions of iny scason. Further this implies that season-

specific breeding program should be taken up to capture this ding for to shoot

fly resistance. The hybrids were intermediate between the parents for trichome density and Iu:v density



pp d to be domi This indi d that both parents should have high trichome density in order to

have hybrids with high trichome density to ensure higher levels of resistance, as trichomes contribute to

o h

ovipositi P ism. Sharma ef al (1977), Gibson and Maiti (1983), and Tarumoto

(1980) studied the nature of gene action for non-preference and found that the presence of trichomes on the

abaxial surface was governed by single ive gene, but the i i of trichome density appeared to

be more complex.

It was noticed that among the parental types, the PRLR group, and among the hybrid groups, the
hybrids (RBR cms x PRLR, PRBR cms x PRLR) involving resistant females (RBR cms and PRBR cms) and

the landraces (PRLR) had the longest leaf length

pared to both the ptible 1 I and hybrid
groups. Considering the gene action it was clear that short leaf dominates over long leaf. Similar results
were also recorded for leaf width and lcaf dreopiness. Further, in all hybrid groups droopiness was

dominant/ overdominant.

In respect to uniformity in recovery among the hybrid groups involving PRLR group as male parent,

high uniformity in recovery was cither partially domis or i Jiate d ding on type of female

parent, where as in the hybrid groups involving cither SBR or RBR group as male parents, low uniformity

in recovery was partially dominant/ dominant/ domi depending on the female parent. A clear
pattern was observed that hybrids based on rainy scason-bred females recovered well in rainy season and
these based on postrainy season-bred females recovered well in postrainy season demonstrating again the

importance of scason-specific breeding that had been used in developing these resistant female groups.

Tiller production was higher during postrainy scason and the crosses which involved susceptible

parental lines produced more tillers plant’. Similarly productive tillers plant wtre also more during

postrainy scason. A marked reduction in p ive tiller pi

was observed from carly rabi (EIR)
to late rabi (EIIR), possibly due to abiotic stress like drought that prevailed during late rabi. Among the
parental lines, SB cms and PRLR groups produced maximum number of productive tillers. The hybrid
groups did not differ significantly for productive tiller production and grain yicld. In other words, in hybrids

the susceptibility/ resistance of parent did not influence for yicld, although among parents susceptible



parental line groups gave higher yicld than resistant groups.

The hybrids involving PRLR groups as restorers were carly and tall in all environments during both
scasons compared to hybrids involving susceptible linc groups (SB cms and SBR) which were late and dwarf
in all the four environments. The carliness observed in the resistant hybrid groups produced from PRLR
restorers on RBR cms and PRBR cms might confer advantage in escaping the commonly occuring terminal

drought in postrainy season.

Thus for shoot fly resi: (low deadheart damage) and its iated traits (high scedling vigour,
high glossiness, high trichome density and low egg laying), the hybrid groups of RBR ¢ms x PRLR, PRBR
cms x PRLR, RBR cms x RBR and PRBR ¢ms x RBR were excellent. On the other hand, the hybrid groups
of RBR c¢ms x SBR, RBR c¢ms x PRLR, PRBR cms x PRLR and SB cms x PRLR  performed well for

recovery as reflected by high productive tiller number.

5.4 COMBINING ABILITY

The choice of suitable parents for evolving better varicties or hybrids is important in plant breeding,
Parents for hybrid breeding can be selected based on cither per se performance or general combining ability
(GCA) or both . The per se performance, however, is not a reliable index as a line with high yicld potential
may not necessarily exhibit its superiority in cross combinations (Srivastava et al, 1979). Therefore there
is a constant need to identify and select potential combiners which can produce combinations superior to the
existing oncs. Studics in a single environment are of restricted applicability as combining ability was
reported to he influenced by environment. Hence in the present investigation, the combining ability studies

were carried out under two different envi namely rainy-natural (EIK) and p iny-natural (EIR)

environments. The use of line x tester design (Kempthorne, 1957), in deciding the relative combining ability
of a number of male and female parents to produce desirable hybrids is well known (Rao et al, 1968). Hence
in the present study, 12 cytoplasmic male sterile lines developed at IAC were crossed with 12 restorers lines
and the resulting 144 hybrids along with their parents were evaluated for shoot fly resistance and its related
traits and yield, The differences among the parents and hybrids were significant for GCA effects for all the

traits studied.



Among the parents sclected for primary resistance based on high per se performance for low
deadhcart % along with high grain yicld (Table 20), SPSFR 94002A (RBR ¢ms) during rainy season and

SPSFR 94003A (RBR cms), SPSFPR 94007A (PRBR cms) during postrainy scason were good general

for low deadheart %. The grouping of parents based on high per se performance along with
desirable GCA cffcts (Table 22) revealed that the parents SPSFR 94002A (RBR cms), SPSFPR 94007A
(PRBR ¢ms) in rainy scason and SPSFPR 94007A (PRBR cms) in postrainy scason were found to have high
desirable GCA effects for carly seedling vigour. Regarding GCA effects for glossiness, SPSFR 940024,
SPSFR 94003A, SPSFR 94001A (RBR cms) and SPSFPR 94007A (PRBR cms) in rainy season, SPSFR
94003A (RBR cms), SPSFPR 94005A and SPSFPR 94007A (PRBR ¢ms) in postrainy scason were observed
to be good general combiners. The parents, SPSFPR 94007A (PRBR cms) in rainy scason, and SPSFPR
94005A, SPSFPR 94007A (PRBR cms) in postrainy scason for 5" leaf length; SPSFPR 94005A, SPSFPR
94007A (PRBR cms) in rainy scason for 5 leaf width; SPSFPR 94007A (PRBR cms) in rainy season and
SPSFPR 94005A, SPSFPR 94007A (PRBR cms) in postrainy season for §* leaf droopiness were found to
have high desirable GCA cffects. For trichome density, SPSFR 94001A (RBR cms), SPSFPR 94005A (PRBR
cms) in rainy scason and SPSFR 94001A (RBR cms) during postrainy scason were found to have high
desirable GCA effects among parents. In respect of egg count, the parents SPSFR 94001A (RBR ¢ms),
SPSFPR 94007A (PRBR cms) in rainy scason and SPSFR 94003A (RBR cms), SPSFPR 94007A (PRBR c¢ms)

in postrainy scason revealed significant desirable GCA effects.

Considering the uniformity in recovery, SPSFR 94002A, SPSFR 94001A (RBR c¢ms), SPSFPR
94005A, SPSFPR 94007A (PRBR cms) in rainy season, and SPSFPR 94007A (PRBR cms) in postrainy
season were good combiners among parents. Among parents, SPSFR 94001A (RBR cms) exhibited
significant GCA cffects for total tillers plant” and productive tillers plant” in postrainy season. While none

of the parents exhibited significant GCA cffects for the above two characters in the rainy season.

Considering the grain yield plant', parents SPSFR 94002A (RBR ems) for yield-UNI and yield-Tin
rainy season and SPSFR 94001A (RBR cms) for yicld-UNI and yield-in postrainy season were found to have
desirable GCA effects. Regarding the character plant height, SPSFR 94001A (RBR ems), SPSFPR 94005A
(PRBR cms) in rainy season and SPSFPR 94005A (PRBR cms) in postrainy season were found to have

desirable GCA effects. In respect of days to 50% flowering, SPSFPR 94005A (PRBR cms) in both rainy and
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93009, ICSR 93010 (PRLR) for plant height; SPSFPR 94005A (PRBR cms), ICSR 90002 (SBR) for lateness;
ICSR 93031, ICSR 93011 (PRLR) for earliness were found to have desirable GCA effects across the scasons

i.c., during both rainy and postrainy seasons.

Among the parents sclected for recovery resistance, ICSA 20 showed desirable GCA effects for
scedling vigour, 5* leaf length, 5™ leaf droopiness, uniformity in recovery, yield-1, plant height and carliness

during postrainy scason and for total tillers in rainy scason.

Further close examination of GCA effects for lines (Table 23) revealed that among lines SPSFR

94031A (for scedling vigour, glossi deadheart %, 5" leaf dr

pi and uniformity in recovery), SPSFR
94001A (for egg laying, 5*leaf width and plant height), SPSFPR 94001A (for trichome density and lateness),
SPSFPR 94007A (for §* leaf length), ICSA 89001 (for total tillers and yicld-UNI), SPSFR 94002A (for yield-1
and carliness) were the best general combiners for rainy scason. During postrainy scason, ICSA 20 (for
seedling vigour, 5* leaf droopiness, 5* leaf length, yield-1 and carliness), SPSFPR 94007A (for glossiness, egg
laying and deadheart %), SPSFPR 94001A (for trichome density), SPSFR 94031A (for uniformity in
recovery), ICSA 89001 (for total tillers), SPSFR 94001A (for productive tillers and yield-UNI), ICSA 89001

(for plant height), and SPSFR 94002A (for lateness) were superior combiners.

Among testers, ICSR 93010 (for seedling vigour, 5™ leaf length, 5™ leaf width, ™ leaf droopiness,
uniformity in recovery and plant height), ICSR 93011 (for glossiness), ICSR 93009 (for egg laying), ICSV
88088 (for deadheart %), ICSV 712 (for trichome density and lateness), ICSR 93031 (for uniformity in
recovery, productive tillers and carliness), [CSR 90005 (for yicld-UNI, yield-I) were found to be the best
general combiners during rainy season. 1CSR 93010 (for seedling vigour, 5™ leaf length, 5" leaf width and
plant height), ICSR 93011 (for glossiness, uniformity in recovery, yield-UNI and carliness), ICSR 93031 (for
cgg laying), ICSV 88088 (for deadhcart % and trichome density), ICSR 93009 (5" leaf droopiness), ICSR
89076 (for total tillers, productive tillers and Jateness), ICSV 89030 (yield-I) were found to be best combiners

for postrainy scason (Table 24).

The study of specific combining ability effects (Tables 14-16) revealed significant and desirable SCA

effects in several hybrid inations, for primary resi recovery resi to shoot fly and yield. The




number of hybrids with significant desirable SCA effects and hybrid with high SCA effects in desirable

direction for cach trait in both seasons studied is given in Table 25.

SPSFR 94001A x ICSV 88088 (for carly secdling vigour), SPSFR 940024 x ICSR 90008 (for glossiness, epg
count and uniformity in recovery), SPSFPR 940054 x 1CSV 712 (for deadheart %), 1CSA 20 x ICSR 90014 (for
trichome density), SPSFPR 940014 x ICSV 89030 ( 5™ leaf length), SPSFR 940024 x ICSR 93010 (for 5 leaf width),
SPSFPR 940054 x ICSR 93011 (for §* leaf droopiness), SPSFPR 94002 x ICSR 89076 (for total tillers plant”), SeSFR
94001A x ICSR 93011 (for productive tillers plant ), SPSER 940014 x ICSR 93011 (for yield-UNI), SPSFR 940314 x ICSV
712 (for yield-), SPSFIR 94002 x ICSR 90002 (for carliness), SPSFPR 940024 x ICSR 93010 (for lateness), SPSFR 940314
x1CSV 89015 (for plant height) in rainy scason and SPSFPR 94001 x ICSR 90002 (for carly scedling vigour and
plant height), SPSFR 940314 x ICSR 93031 (for glossiness), ICSA 20 x ICSR 90002 (for egg count), SPSFPR 94005A x ICSR
93009 (for deadheart % and 5 leaf length), SPSFPR 94007A x ICSR 89076 (for trichome density), 1CSA 90002 x ICSR
93009 (for 5™ leaf width), ICSA 89001 x ICSR 89076 (for S™ leaf droopiness), ICSA #9001 x ICSR 93009 (for uniformity
in recovery), SPSFR 940034 x 1CSR 90014 (for total tillers plant™), SPSFR 940024 x 1CSR 90005 (for productive tillers
plant’), SPSFR 940024 x 1CSV 712 (for yield-UNI), 1CsA 89004 x 1CSR 90002 (for yield-I), 1CSA 89001 x 1€V 712 (for
carliness) and SPSFPR 940054 x ICSR 89076 (for lateness) in postrainy season were noticed to have high SCA

cffects.

The hybrid combinations were further categorised, based on high per se performance along with
significant SCA effects in desirable direction for each trait in rainy and postrainy seasons were given in the
Table 26. A further perusal of SCA effects over the two seasons (Table 15), revealed that, the SCA effects
were not consistant for majority of characters for two scasons except for hybrids ICSA 89004 x ICSV 89030
(for 5*leaf length), SPSFR 94031A x ICSR 93031 (for uniformity in recovery), SPSFR 94031A x ICSV 712,
SPSFR 94003A x ICSR 90005, ICSA 90002 x ICSR 93011 (for yicld-I), SPSFPR 94002A x ICSR 93010 (for
lateness) and SPSFPR 94007A x ICSV 88088 (for plant height) which were found consistant across the two

scasons.



Table 23 : Lines showing superior combining ability for various traits

Characters Rainy scason Postrainy scason
Line Group Line Group

1. Early scedling vigour SPSFR 940314 (-0.74) RBR cms 1CSA 20 (-0.89) SB cms.
2. Glossiness SPSFR 940314 (-1.93) RBR cms SPSFPR 94007A (-2.99) PRUR cms
3. Egg count Plant' SPSFR 940017 (-0.43) RBR ems SPSFPR 94007A (-0.73) PRBR ems
4. Deadheart % SPSFR 940314 (-4.61) RBR ems SPSFPR 94007A (-14.22) PRER cms
. Trichome density (mm ) SPSFPR 9400A (19.11) PRBR cms SPSFPR 94001A (54.10) PREBR cms
6. 5% lcaf length (cm) SPSFPR 94007A (2.78) PRHR cms 1CSA 20 (4.16) 5B ems
7. 5% Jeaf width (cm) SPSFR 940014 (0.21) RBR cms No significant difference
8. §* leaf droopiness (cm) SPSFR 940314 (1.03) RBR cms. 1CSA 20 (1.64) SH cmy.
9. Uniformity in recovery SPSFR94031A (-1.54) RBR cms SPSFR 94031A (-0.71) RBR ¢ms
10.Total tillers plant ' 1CSA 89001 (0.42) SBems 1CSA 89001 (0.80) SB ems
11.Productive tillers plant No significant difference SPSFR 94001A (0.51) RBR ems
12.Yield-UNI (g plant ') 1CSA 89001 (9.17) SBemy SPSFR 94001A (11.26) RBR cms
13.Yield-I (g plant ) SPSFR 940024 (4.68) RBR ems ICSA 20 (8.98) SB ems
14.Plant height (m) SPSFR 940014 (13.25) RBR emy 1CSA 89001 (12.39) SBems
15.Days to S0% flowering

i. Earliness SPSFR 940027 (-2.36) RBR cmy 1CSA 20(-3.93) SH ems

il Lateness SPSFPR 940014 (1.64) PRBR ems SPSFR 940024 (2.71) RBR cms




Table 24 : Testers showing superior combining ability for various fraits

Rainy scason Postralny scason
Characters
Tester Group Tester Group
1, Early scedling vigour ICSR 93010 (-0.85) PRLR 1CSR 93010 (-1.12) PRLR
2. Glossiness ICSR 93011 (-1.20) PRLR 1CSR 93011 (-1.80) PRLR
3. Egg count Plant* 1CSR 93009 (-0.32) PRLR TCSR 93031 (-0.46) PRLR
4. Deadheart % 1CSV 88088 (-4.69) RBR TCSV 88088 (-12.79) RBR
S. Trichome density inm*) ICSV 712 (27.46) RBR 1CSV 88088 (34.09) RBR
6.5 leaf length (cm) ICSR 93010 (2.07) PRLR LCSR 93010 (3.67) PRLR
7. 5™ leaf width (cm) 1CSR 93010 (0.20) PRLR ICSR 93010 (0.27) PRLR
8. 5% eaf drooplness (cm) 1CSR 93010 (0.83) PRLR TCSR 93009 (1.55) PRER
9. Uniformity in recovery ICSR 93031 (-1.01) PRLR ICSR 93011 (-0.71) PRLR
1CSR 93010 (-1.01) PRLR

10.Total tillers plant Na significant difference - 1CSR 89076 (1.33) SBR
11.Productive tillers plant* TCSR 93031 (0.08) PRLR ICSR 89076 (0.56) SBR
12.Vield-UNI (g plant ') 1CSR 90005 (5.90) SBR 1CSR 93011 (9.09) PRLR
13.Yicld-1 (g plant ') 1CSR 90005 (3.05) SBR 1CSV 89030 (8.87) RBR
14.Plant height (m) 1CSR 93010 (47.25) PRLR 1CSR 93010 (29.14) PRLR
15.Days to 50% flowering

i. Earliness 1CSR 93031 (-2.19) PRLR 1CSR 93011 (-2.96) PRER

ii. Lateness 1CSV 712 (0.83) RBR ICSR 89076 (2.88) SBR




Table 25: Hybrids showing superior specific combining ability (SCA) for various traits

No. of hybrids with desirable

Hybrid with superior SCA effect

1. Earlyseedling vigour

2. Glossiness

3. Eggcount plant'

4. Deadheart %

5. Trichome density (mm?)

6. §*lcaflength (cm)

7. §*leaf width (cm)

8 §%lcaf droopiness (cm)

9. Uniformity in recovery

10. Total tillers plant*

11, Productive tillers plant '

12 Yield-UNI (g plant °)

13, Vield-I (g plant ')

34, Daysto 50% flowering
1. Earliness

ii.Lateness

S Plant height (m)

SCA effects
Rainy Postrainy Rainy scason Postrainy scason
5 7 SPSFR 94001A x ICSV 88088 SPSFI'R 94001A x ICSR 90002
(-1.68) (-
5 1 SPSFR 940024 x ICSR 90005 SPSFR 94031A x ICSR 93031
-3, (-3.03)
4 n SPSFR 94002A x ICSR 90005 20 x ICSR 90002
(-1.65) (-1.57)
3 6 SPSFPR 94005A x ICSV 712 SPSFPR 94005A x ICSR 93009
(11.84) (-28.62)
10 11 1CSA 20 x ICSR 90014 SPSFPR 94007A x ICSR 89076
(64.19) (47.57)
10 12 SPSFPR 94001A x ICSV 89030 SPSFPR 94005A xICSR 913009
(6.84)
7 1 SPSFR 94002A x ICSR 93010 1CSA 90002 x 1CSR 93009
0.74) .04
10 9 SPSFPR 94005A x ICSR 93011 ICSA 89001 x ICSR 89076
(3.46)
7 12 SPSFR 94002A x 1CSR 90005 1CSA 89001 x ICSR 93009
.50) (-2.09)
5 5 SPSFPR 94002A x ICSR 89076 SPSFR 94003A x ICSR 90014
1.28) @n
2 L] SPSFR 94001A x ICSR 93011 SPSFR 940024 x ICSR 90005
(1.55)
10 14 SPSFR 94001A x ICSR 93011 SPSIR 940024 x ICSV 712
(37.69) 57.03
9 15 SPSFR 94031A x ICSV 712 1CSA 89004 x ICSR 90002
(13.75) (40.57)
8 8 SPSFR 94002A x ICSR 90002 1CSA 89001 x 1CSV 712
(-3.67) -6.71)
2 17 SPSFPR 94002A x ICSR 93010 SPSFPR 94005A x ICSR 89076
©.18)
4 1 SPSFR 94031A x ICSV 89015 SPSFPR 94001A x ICSR 90002
(38.14) @4.78)



fuble26  Hybrids showing high per se performance (schected for low deadheart % along with grain ield) with desirable SCA  «ffects

Traits Rainy scason Postrainy season

1 Farly seedling vigour SPSER 94001 x ICSV 88088 SPSER 94001 x ICSV 89030

2 Glossiness SPSER 940314 x ICSR 93031

3 Fgg count SPSER 940314 x 1CSR 93031

4 Trichome density SPSEPR 940024 x ICSV 712

5 5 Icaf length PSER 940014 x ICSV §9030
SPSER 94031A x 1CSV $9030
SPSEPR 940024 x 1C SV 89030

6 5*lealwidth SPSER 940021 x ICSV 89015

7 S leal droopiness SPSER 940014 x 1CSV 89030
SPSEPR 940024 x 1€ SV 89030

8 Uniformuty in recorery SPSER 94031\ x ICSR 93031 SPSEPR 940024 x 1€ SV 89030
SPSER 94031A x 1C SR 93031

9 Vield LN SPSIPR 940024 x ICSV 89030 SPSIR 940024 x 1C SV 712
SPSEPR 940024 \ 1€ SR 93010

10 Vield 1 SPAER 940024 x 1€ SV 89015

11 Days to 50% flonering

1 Farliness SPSIR 94001 A x 1€ SV 89030
u Lateness SPSEPR 940027 x 1SR 93010 SPSIPR 94002\ \ 1CSR 93010
12 Plant height SPSER 94001A x 1€ SV #9030

SPSER 94001A x 1C SR 93009

Commercial exploitation of heterosis in crop plants is regarded as a major breakthrough in the realm
of plant breeding. Heterosis breeding had led to considerable yield improvement of several cereal crops
including sorghum (Rai, 1979). A major breakthrough was achieved in sorghum production with the release
of CSH-1 and CSH-4 during 1970's and CSH-9 in 1980s. This inutial success in exploitation of hybrid vigour

had led to the intensiy ¢ identification of additional h i binations. The develoy of ¢y toplasmi

male sterile lines further enhanced the scope for exploitation of new heterotic combinations. Identification

of superior hybrid combinati bining high b is for grain yicld along with shoot fly resistance for

rabi scason has reccived much attention in the recent years.

The results revealed the p of high vari; int is over mid parent, better parent and

check among different crosses for all attributes, during both seasons. Heterosis over mid parent, better



parent and check was negative and highly significant for majority of crosses for egg count and deadheart
% during postrainy season. A negative and highly significant heterosis will be desirable as for as shoot fly
resistance is concerned as it indicates a decreased egg laying and lower deadheart % in F, hybrids. In the
present study, 11 crosses over mid parent, 5 crosses over better parent and 35 crosses over check exhibited

significant negative heterosis for egg count and 4 crosses over mid parent, onc cross over better parent and

28 crosses over check exhibited significant negative h is for deadheart % in y iny scason, Thus out

of 144 hybrids, 5 crosses and one cross for egg count and deadheart % respectively exhibited high and

significant negative heterosis over better parent indicating the preponderance of non-additive gene action

and role of domi for eggs plant' ch Halalli et al. (1982) studicd heterosis over better parent
for decreased epg laying and deadhcart % and found that it was present only in few crosses but most of the

heterotic cffects were non-significant,

The ultimate aim is to produce heterotic hybrids for grain yield with shoot fly resistance. In the
present study majority of the hybrids recorded positive and significant heterosis over mid parent, better
parent and check for total tillers in both seasons, for productive tillers in postrainy season and negative for
uniformity in recovery during rainy season. Significantly high positive heterosis over mid parent, better
parent and check was exhibited for majority of crosses for yield-UNI and yield-1. Positive heterosis for grain
yield was observed in the majority of hybrids as revealed by several workers (Harer and Bapat, 1982;

Mchtre and Borikar, 1992).

Majority of hybrids (sixty one hybrids over mid parent, sixteen hybrids over better parent, four
hybrids aver check in postrainy scason; fifty one hybrids over mid parent, twenty seven hybrids over better
parent in rainy scason) showed positive heterosis for plant height which is a desirable feature to obtain dual
purpose hybrids. Postive heterosis for plant height was observed by Rao (1986). Days to 50% flowering
recorded negative heterosis (thirteen hybrids over mid parent, three hybrids over better parent and seventy
five hybrids over check) during postrainy season. Earliness is a desirable feature in rabi sorghum to escape
from drought situations. Negative heterosis for days to flowering has been reported by Shankaregouda et
al, 1972. Positive heterosis for days to 50% flowering was also observed in sixteen hybrids over mid parent,

fifteen hybrids over better parent, five hybrids over check in postrainy season and one hybrid over check in



rainy season as supported by Subbarao ef al (1976) and Thanky e al (1981).

A perusal of these results revealed that few hybrids which exhibited high heterosis (over mid parent),
heterobeltiosis ( over better parent) and standard heterosis (over check). These were SPSFR 940024 x ICSV
712 for yield-UNI (in postrainy season), SPSFR 94002A x ICSV 88088 for yicld-I (in rainy season), SPSFR
94002A x ICSV 89030 for yield-UNI (in postrainy season), SPSFR 94003A x ICSV 89030 for total tillers (in
rainy scason), SPSFR 94001A X ICSV 89015 for productive tillers (in postrainy season), SPSFR 94031A x
ICSV 89015, SPSFR 94031A x ICSR 93031, SPSFR 94031A x ICSR 93011 and SPSFR 94001A x ICSR
93031 for uniformity in recovery (in rainy season), SPSFPR 94002A x ICSR 90002 for low egg count,
deadheart % and trichome density (in postrainy season), SPSFPR 94001A x ICSR 90014 for total tillers (in
rainy season), SPSFR 94003A x ICSR 93031 for yield-UNI (in postrainy scason), SPSFR 94001A x ICSR
93009 for trichome density and yield-UNI (in postrainy season), SPSFR 94031A x ICSR 93009 for trichome
density (in postrainy scason) and ICSA 89001 x ICSR 93031 for total tillers and productive tillers (in rainy

season),

The hybrid combinations were further categorised based on high per se performance for low

deadheart % and prain yicld along with high heterosis over better parent (h beltiosis) for low deadheart

% and high grain yield were given in Table 27. In rainy scason, the hybrids, SPSFR 94002A x ICSV 712,
SPSFR 94002A x ICSV 88088 for yield-UNI and yicld-1, SPSFR 94002A x ICSV 89015, SPSFR 94002A x
ICSV 89030, SPSFR 94031A x ICSV 89030 for yield-UNI, SPSFR 94001A x ICSV 89030 and SPSFR 94031A
x ICSR 93031 for yield-1 and in postrainy scason, the hybrids, SPSFR 94002A x ICSV 712, SPSFR 94002A
x ICSV 89030, SPSFPR 94002A x ICSV 89030, SPSFR 94001A x ICSR 93009 for yield-UNI, SPSFR 94003A
x ICSV 88088, SPSFR 94001A x ICSV 88088, SPSFPR 94007A x ICSR 90002, SPSFR 94031A x ICSR
93031, SPSFPR 94002A x ICSR 93010 for deadheart %, SPSFR 94031A x ICSV 89030 for yield-I showed
significantly high heterosis over better parent. In these combinations, the parents must have favourable

alleles fixed at different loci to provide i overdomi which was exhibited through high

heterobeltiosis.



Fable 27 Hybrids sclected based on high per se performance (for low deadheart % and high graln yleld) along with heterobeltiosls

High per se performance with desirable heterosis for deadheart % & yicld

Tiybrids

Ralny season Postrainy season
1 SPSFR94002A x ICS\ 712 Yield LNL Yield 1 Yadd UNT
2 SPSFR 94002 x ICSV 88088 Yield UNL Yicld 1
3 SPSFR 940024 x ICSV 89015 Yacld UND
4 SPSFR 940024 x ICSV 89030 Yield UM Yield UNI
§  SPSFR 940034 x ICSV 88088 Dendheart %
6 SPSFR 940014 x ICSV AR088 Deadheart %
7 SPSFR 940014 x [CSV 89030 Mueld 1
8 SPSFR 940314 x ICSV 89030 Yield UM Yidd 1
9 SPSFPR94002A x IC SV 712 Deadheart %
10 SPSFPR 940024 x ICSV 89030 Yadd TN
11 SPSEPR 94007A x ICSR 90002 Daadhaart %
12 SPSFR 940014 x ICSR 93009 Yidd UNT
13 SPSFR 940314 x ICSR 93031 Yidd 1 Deadheart %
14 SPSFPR 940024 x ICSR 93010 Diadheart %

A close perusal of these results (Tables 17-19) indicated hybrids SPSFR 94002A x ICSV 712, SPSFR
94002A x ICSV 89030 (for yicld-UNT) over check; SPSFR 94002A x ICSV 712, SPSFR 94002A x ICSV 89030
(for yicld-UNI), SPSFR 94002A < ICSV 88088 (for yield-I) over better parent; SPSFR 94002A x ICSV 712,
SPSFR 94002A x ICSV 88088 (for yield-UNI and yicld-I), SPSFR 94031A x ICSV 89030, SPSFR 94031A
x [CSR 93031 (for yicld-T), SPSFR 94001A x [CSV 88088, SPSFPR 94002A X ICSV 89030, SPSFR 94001A
x ICSR 93031, SPSFR 94001A x ICSR 93009 and SPSFPR 94002A x ICSR 93010 (for plant height), SPSFPR
94002A x ICSV 712 and SPSFR 94001A x ICSR 93009 (for trichome density) over mid parent showed

significant hcterosis across the seasons.




A critical evaluation of hybrid combinations with high per se performance for low deadheart
% and yicld, heterosis over better parent, higher combining ability revealed the supcriority of hybrids,
SPSFR 94001A x ICSV 88088 with grain yicld of 77.50 (UNT) and 99.25 (I) g plant-1, SPSFR 94002A x
ICSV 712 with grain yield 46.03 (UNT) and 55.97 (I) g plant-1, SPSFR 94002A x ICSV 88088 with grain yield
5§5.25 (UNT) and 67.33 (T) g plant-1, SPSFR 94002A x ICSV 89015 with 57.39 (UNI) and 64.97 () g plant-1,
SPSFR 94003A x ICSV 88088 with 63.75 (UNT) and 54.42 (I) g plant-1, SPSFR 94003A x ICSV 89030 with
56.26 (UNI) and 67.98 (T) g plant-1, SPSFR 94001A x ICSV 89030 with 72.88 (UNI) and 55.18 () g plant-1
belonging to RBR cms x RBR group, SPSFR 94001A x ICSR 93009 with grain yield 62.33 (UNI) and 56.00
(D) g plant-1 belonging to RBR ems x PRLR group, SPSFPR 94002A x ICSV 712 with 43.33 (UNI) and 73.67
(I) g plant-1 belonging to PRBR cms x RBR group and SPSFPR 94002A x ICSR 93010 with 47.88 (UNI)
and 56.72 (I) g plant-1 belonging to PRBR cms x PRLR group for shoot fly resistance (as measured by
deadheart %) with high grain yicld compared to check M 35-1 which recorded 41.89 and 53.39 g plant-1 in

UNI and I samples respectively. Further the hybrids SPSFR 94001A x ICSV 88088 and SPSFR 94001A x

1CSR 93009 were sclected during both rainy and py iny scasons indicating their | iality during both

the scasons and may be recommended for wide cultivation after further confirmatory trials.

Finally, it may be concluded that 1. Breeding for resistance was effective in developing
shoot fly resistant cms lines and restorer lines, 2. The susceptibility in the female parents was overdominant
in the hybrid, 3. Resistance was required in both the parents to produce shoot fly resistant hybrids cither for
rainy or postrainy scasons, 4. Land race germplasm lines adapted to postrainy season including M 35-1

could be used as restorers in crosses with the resistant females to produce resistant hybrids, 5.

Resil was primarily duc to ovipositional prefc , 6. Several morphological, and leaf parameters
affected resistance in addition to glossiness and trichomes, and 7. Season - specificity was observed in the

expression of various traits associated with resistance particularly trichome density and recovery resistance

P 8. The observed ificity in the resi: as d by deadhearts might be due to
the observed differences in the expression of various traits (see point 7). Further, it may also be due to the
biotype speceficity. The present studies can not over rule the role of biotype specificity. However, further
controlled studies are required to differentiate the causes for the observed specificity in the

resistance/susceptible levels.






CHAPTER VI

SUMMARY

The investigations were undertaken to study the genetics of shoot fly resistance in sorghum hybrids
of cytoplasmic male sterile lines with special emphasis on the inheritance of different characters associated
with shoot fly resistance in different seasons and to estimate the average degree of dominance for such

characters besides information on the heterosis and nature of combining ability.

A line x tester experiment using a total of 12 cytoplasmic male sterile lines and 12 diverse restorers
in nine sets (each set containing 4 x 4 combinations) was undertaken for this investigation. The resulting 144
hybrids and 24 parents along with eight standard checks were evaluated at (he International Crops Research
Institute for the Semi-Arid Tropics (FCRISAT), Patancheru, Andhra Pradesh, India in the rainy and
postrainy (1995-96) seasons under natural and artificial environments with varying levels of shoot fly
infestation. Fish meal and interlards were used to enhance shoot fly population in artificial environment.
Observations were recorded on early seedling vigour, glossiness, egg count, deadheart %, 5* leaf length, 5™
feaf width, 5* leaf droopiness, trichome density, uniformity in recovery, total tillers, productive tillers, yield-

UNI, yield-1, plant height and days to 50 % flowering,

On the basis of over all performance for different characters, the resistant parental lines and hybrids
involving them were superior compared to the susceptible parental lines and their corresponding hybrids.
The susceptible parental lines had significantly more egg Laying and higher percentage of deadhearts
compared to resistant parental lines indicating the breeding method emiployed to develop the resistant
parental lines was effective. Less number of eggs in the restorer parental lines indicated that the resistance
in these lines is due ovipositional non-preference, The eggt laying and deadheart % were more during rainy

season compared to p iny season

the strong seasonal effects on the genetic control of shoot fly
resistance. The genotypes with primary resistance were found to be highly vigorous, more glossy with
maximum 5™ leaf length, 5* leaf width, 5™ leaf droopiness and high trichome density during rainy season

compared to postrainy season. Uniformity in recovery, production of tillers plant” and productive tiflers



plant, the parameters that reflect recovery resistance were more during postrainy season, while converse

was the case with egg: Laying and deadheart da

age. R

ant parental lines and hybrids showed maximum
uniformity in recovery compared to susceptible parental lines and corresponding hybrids indicating that the
tillers of resistant cultivars are less preferred by the shoot fly for egg laying and hence recovered Fast
compared to susceptible cultivars. Although susceptible cultivars and respective hybrids showed high total
tiller production compared to resistant ones, there was no significant difference for productive tiller
production among the hybrids. As expected, the susceptible parental lines recorded higher grain yield plant”

compared to resistant parental lines indicating the need to imprave the yield potential of the resi

parental lines through further breeding. However, the re:

ant hybrids had significantly high yield (2.25
to 1127.95% in postrainy season) than their parents on account of their heterotic condition. On the other

hand, the yield in the susceptible hybrids was 6.78 to 186.13% higher than their parents.

Correlation studies revealed that the seedling characters, leaf parameters, leaf characters, recovery

traits, grain yield and adaptation characters were correlated with shoot fly resistance parameters (egg count

and t %) but their interr ips and the i of association in the parents and hybrids

varied in rainy and postrainy

Inheritance and gene action studies based on hybrid group mea

s in relation to parental line group

means indicated dominance/ intermediate/ over dominance for susceptibility (as measured by egg count and

deadheart %) in various hybrid and parent groups. Dominant gene action observed for low seedling

T e iti Season specificity for trichome density was

vigour and in low

reflected in the hybrid groups depending upon the type of parents involved and low density (associated with
susceptibility) appeared to be additive. In the hybrids of PRBR cms (postrainy season-bred resistant female
lines) group the trichome expression during rainy season was lower than postrainy season. On the other
hand, it was reverse in the hybrids of RBR cms (rainy season-bred resistant cms lines) which supported low
density in the postrainy season, and high density in the rainy season, Same was observed in the parents per
se also. Considering gene action for leaf parameters it was clear that short leaf dominates over the long leaf.
Similar results were also recorded for leaf width and leaf droopiness. In respect to uniformity in recovery

amony the hybrid groups, the hybrid groups involving rainy season-bred females recovered well in rainy



season and postrainy season-bred female hybrid groups recovered well in post-rainy s

1son demonstrating
again the effectiveness of season-specific hreeding that had been used in developing these resistant female
froups, or this might have also be due to existence of the different biotypes with time or due to both. This

however, needs to be further confirmed especially in no-choice conditions. Mean performance of hybrid

Lroups with regard to different characters related to shoot fly resistance revealed that for shoot fly resistance

(as measured by deadheart %) and its associated traits (high seedling vigour, high glossiness,

high trichome
density and low egg laying) the hybrid groups of RBR cms x PRLR, PRBR ¢ms x PRLR, RBR cms x RBR
and PRBR cms x RBR were excellent. On the other hand, the hybrid groups of RBR cms x SBR, RBR ¢ms
x PRLR, PRBR c¢ms x PRLR and SB cmys x PRLR were performed well for recovery as reflected by high
productive tiller number. The hybrids invalving PRLR group as restorers (RBR ems x PRLR and PRBR
cms x PRLR) were early and tall in all environments during both seasons compared to hybrids involving
susceptible line groups (SB cms and SBR) which were late and dwarf. The carliness observed in the resistant
hybrid groups might confer advantage in escaping the commonly occurring terminal drought in postrainy

season.

Combining ability studies revealed that among lines SPSFR 94031A (for seedling vigour, glossiness,
deadheart %, 5™ leaf droopiness and uniformity in recovery), SPSFR 94001A (for egge laying, 5* leaf width
and plant height), SPSFPR 94001 A (for trichome density and lateness), SPSFPR 94007A (for 5™ leaf length),
1CSA 89001 (for total tillers and yield-UNI), SPSFR 94002A (for yield-I and earliness) were the best general

combiners for rainy season. During postrainy season ICSA 20 (for seedling vigour, 5™ leaf droopiness, 5* leaf

length, yield-I and earliness), SPSFPR 94007 A (for glossil egg laying and deadheart %), SPSFPR 94001A
(for trichome density), SPSFR 940314 (for uniformity in recovery), ICSA 89001 (for total tillers), S'SFR
94001A (for productive tillers and yield-UNI), SPSFPR 94005A (for plant height) and SPSFR 940024 (for

lateness) were superior combiners.

Among testers, ICSR 93010 (for seedling vigour, 5* leaf length, 5™ leaf width, 5™ leaf droopiness,
uniformity in recovery and plant height), ICSR 93011 (for glossiness), ICSR 93009 (for egg laying), ICSV
88088 (for deadheart %), ICSV 712 (for trichome density and Iateness), ICSR 93031 (for uniformity in

recovery, productive tillers and earliness) and ICSR 90005 (for yield-UNI and yield-1) were found to be the



best general combiners during rainy season. ICSR 93010 (for seedling vigour, 5™ leaf length, 5™ leaf width
and plant height), ICSR 93011 (for glossiness, uniformity in recovery, yield-UNI and earliness), ICSR 93031
(for egg Laying), ICSV 88088 (for deadheart % and trichome density), ICSR 93009 (5™ leaf droopiness), ICSR
89076 (for total tillers, productive tillers and lateness) and ICSV 89030 (yield-I) were found to be best

combiners for postrainy season.

A perusal of GCA effects in combination with high per se performance (for low deadheart % with high
grain yield) over two seasons revealed that, SPSFPR 94007A (PRBR cms) for high seedling vigour; SPSFR
94003A (RBR cms) and SPSFPR 94007A (PRBR c¢ms) for high glossiness; SPSFIR 94007A (PRBR cms)
for low eggr count; SPSFR 94001A (RBR ¢ms) for trichome density; SPSFPR 94007A (PRBR cms) for 5™
leaf length; SPSFPR 94007A (PRBR cis) for 5™ leaf droopiness; SPSFPR 94007A (PRBR cms) for high
uniformity in recovery; SPSFPR 94005A (PRBR cms) for plant height; SPSFPR 94005A (PRBR cms) for
lateness were found to have desirable GCA effects across the seasons i.e., during both rainy and postrainy

Seasons,

A further perusal of SCA effects aver the two seasons, revealed that, the SCA cffects were not
consistent for majority of characters for two seasons except for hybrids ICSA 89004 x ICSV 89030 (for 5™
leaf length), SPSFR 94031 A x ICSR 93031 (for uniformity in recovery), SPSFR 94031A x ICSV 712, SPSFR
94003A x ICSR 90005, ICSA 90002 x ICSR 93011 (for yield-1), SPSFPR 94002A x ICSR 93010 (for Lateness)

and SPSFPR 94007A x ICSV 88088 (for plant height).

SPSFR 94001A x ICSV 88088 (for early seedling vigour), SPSFR 94002A x ICSR 90005 (for
glossiness, egg count and uniformity in recovery), SPSFPR 94005A x ICSV 712 (for deadheart %), ICSA 20
x ICSR 90014 (for trichome density), SPSFPR 94001A x ICSV 89030 ( 5™ leaf length), SPSFR 94002A x
ICSR 93010 (for 5™ leaf width), SPSFPR 94005A x ICSR 93011 (for 5™ leaf droopiness), SPSFI'R 940024
x ICSR 89076 (for total tillers plant™), SPSFR 94001 A x ICSR 93011 (for productive tillers plant'), SPSFR
94001A x ICSR 93011 (for yield-UNI), SPSFR 94031A x ICSV 712 (for yield-1), SPSFR 94002A x ICSR
90002 (for earliness), SPSFPR 94002A x ICSR 93010 (for lateness), SPSFR 94031A x ICSV 89015 (for plant

height) in rainy season and SPSFPR 94001A x ICSR 90002 (for early seedling vigour and plant height ),



SPSFR 94031A x ICSR 93031(for glossiness), ICSA 20 x ICSR 90002 (for egg count), SPSFIPR 94005A ¢
ICSR 93009 (for deadheart % and 5* leaf length), SPSFPR 94007A x ICSR 89076 (for trichome density),
1CSA 90002 x ICSR 93009 (for 5™ leaf width), ICSA 89001 x ICSR 89076 (for 5" leaf droopiness), ICSA
89001 x ICSR 93009 (for uniformity in recovery), SPSFR 94003A x ICSR 90014 (for total tillers plant™),
SPSFR 94002A x ICSR 90005 (for productive tillers plant™), SPSFR 94002A x 1CSV 712 (for yield-UND),
ICSA 89004 x ICSR 90002 (for yield-1), ICSA 89001 x ICSV 712 (for earliness) and SPSFPR 94005A x ICSR

89076 (for lateness) in postrainy season were noticed to have high SCA effects.

The results revealed the presence of high variation in heterosis over mid parent, better parent and
check among different crosses for all attributes, during both seasons. A critical evaluation of hybrid
combinations with high per se performance for low deadheart % with high heterosis over better parent and

combining ability revealed the following superior hybrids

ing high grain yield in postrainy

SPSFR 94001A x ICSV 88088 with grain yield of 77.50 (UND) and 99.25 (1) ¢ plant-1, SPSFR 94002A <
TCSV 712 with grain yield 46.03 (UND) and 5597 (1) g plant-1, SPSFR 94002A x ICSV 88088 with grain yield
55.25 (UNI) and 67.33 (1) ¢ plant-1, SPSFR 94002A x ICSV 89015 with 57.39 (UNI) and 64.97 (1) ¢ plant-1,
SPSFR 94003A x ICSV 88088 with 63,75 (UNI) and 54.42 (1) ¢ plant-1, SPSFR 94003A x ICSV 89030 with
56.26 (UNI) and 67.9% (1) ¢ plant-1, SPSFR 94001A x TCSV 89030 with 72.88 (UNI1) and 55.18 (I) 2 plant-1
belonging to RBR ¢ms x RBR group, SPSFR 94001A x ICSR 93009 with grain yield 62.33 (UNI) and 56.00
(1) g plant-1 belonging to RBR ems x PRLR group, SPSFPR 94002A x ICSV 712 with 43.33 (UND) and 73.67
(1) ¢ plant-1 belonging to PRBR ¢cms x RBR group and SPSFPR 94002A x ICSR 93010 with 47.88 (UND)
and 56.72(I) g plant-1 belonging to PRBR cms x PRLR group compared to check M 35-1 which recorded
41.89 and 53.39 ¢ plant-1 in UNLand I samples respectively. Further the hybrids SPSFR 94001A x ICSV
88088 and SPSFR 94001A x ICSR 93009 were selected during both rainy and postrainy seasons indicating

their potentiality during bath the seasons and may be r ded for wide cultivation after further

confirmatory tri

Finally, it may be concluded that 1. Breeding for resi was effective in developing shoot fly
resistant cms lines and restorer lines, 2. The susceptibility in the female parents was overdominant in the

hybrid, 3. Resistance was required in both the parents to produce shoot fly resistant hybrids either for rainy



or postrainy seasons, 4. Land race germplasm lines adapted to postrainy season including M 35-1 could

be used as restorersin crosses with the resistant females to produce resistant hybrids, 5. Resistance was
primarily due to ovipositional non-preference, 6. Several morphological, and leaf parameters affected
resistance in addition to glossiness and trichomes, and 7. Season - specificity wis observed in the expression

of various traits associated with resistance particularly trichome density and recovery resi

nce parameters.
8. The observed season-specificity in the resistance as measured by deadhearts might be due to the observed
differences in the expression of various traits (see point 7). Further, it may also be due to the biotype

speceficity. The present studies can not over rule the role of biotype specificity. However, further controlled

studies are required to differentiate the causes for the observed specificity in the resist ptible levels.
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