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CHAPTER -1
INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench) is the fifth major cercal crop in the world
after wheat (Triticum spp.), rice (Oryzae spp.), maize (Zea mays ) and bardey
(Hordeum vulgre). Tt is cultivated widely throughout tropical, sub-tropical and
temperate regions within latitudes of 45°N and 45°S and mainly in Africa, Asia, North
and South America.

The countries of Semi Arid Tropics (SAT) accounts 83% (about 36
million ha) of the total world arca sown (43 million ha) under sorghum. In India the
crop is grown on 12.5 million ha which accounts for 35% of the sorghum arca in the
SAT. The SAT countrics produce on an average about 63% of world sorghum, of
which Indian contribution accounts for 21% (FAO, 1995).

In India, sorghum is grown in arcas receiving 500 to 1000 mm annual
precipitation with temperature ranging between 26 and 32°C. Plain and plateau below
1000 m clevation offer excellent scope for successful cultivation of the crop in two
scasons viz, ‘Kharif (Junc to October) as rainfed crop and ‘Rabi’ (October to
February) with protective imrigation constituting 60 and 40 percent cultivation
respectively.  The main arcas of sorghum cultivation in India are in states of
Maharashtra, Kamnataka, Madhya Pradesh, Andhra Pradesh, and Rajasthan. It is
mostly used as staple food, feed and forage in the states of Maharashtra, Northem
Karnataka and part of Madhya Pradesh.

Sorghums in the tropics, have to sustain a hostile environment where
unrcliable rainfall, poor soils, pests, di and parasitic weeds all ly cxert a
harsh sclection pressure. The traditional cultivars are photo-sensitive and when rains
ceas carlier, there is poor grain filling which results in low yields. Therefore, to have
cultivars of short duration, photo in-scnsitive and good grain filling and drought
tolerant is the primary objective of breeders. Several early maturing and high yielding
hybrids have been developed which have replaced the traditional varieties to a large
extent. However, these cultivars, lack the inherent grain mold escape mechanism of




the local sorghums and the grains that mature during the wet weather arc always
wulnerable to infection by several fungi. The grain mold problem has achieved a
greater significance and because of this, control of grain mold has become a major
activity in many sorghum improvement programs.

Definitions of ‘grain mold’ (GM) found in recent literature appear to fit
into one of the two general concepts of fungal- related grain deterioration. The first
concept describes a condition resulting from fungal infection and colonization of
grain, occurring any time between anthesis and harvest. Here GM can be broadly
defined as a fungal component of pre-harvest grain deterioration, involving numerous
fungal species interacting in different ways with the plant (i.c. parasitically and/or
saprophytically).

The second concept restricts the definition of GM to a condition caused
by infection and colonization of spikelet tissucs prior to grain maturity. In this limited
definition, few fungi are thought to be involved. The magnitude of ficld fungi that
colonize grain afer physiological maturity are not part of GM per-se, but rather
constitute a component of weathering, or general post harvest grain deterioration.

On practical level, the two concepts are similar. Early and late
infections in first concept can be scen as analogous to the GM and weathering of
second concept (Forbes er al., 1992). Various terms (¢.g. grain molds, seed molds,
grain deterioration, grain weathering, head molds and head blight) have been used in
literature to describe the association between deteriorated grain of sorghum and
numerous fungal species (Castor, 1981; Williams and Rao, 1981). Fungal related
grain deterioration, whether occurring before or afier grain maturity, can cause
economic losscs in several ways viz, a) moldy and discolored pericarp, b) a soft and
chalky endosperm, c) decreased grain filling and size (low yiclds), d) reduced
germination, e) presence of mycotoxins, f) decreased dry matter, density and test
weight, g) altered composition of grain, h) low storability, i) low nutritive value, j)
low acceptability by the consumers and farmers and k) low market price.

The mold may develop in sorghum inflorescence at any stage from the
young inflorescence to the mature head, provided that climatic conditions are suitably



humid. Generally, it scems that wet weather following flowering is necessary for
grain mold development and longer the wet period greater the mold development (Rao
and Williams, 1977). Dry weather during flowering and grain development followed
by wet weather near maturity will not promote such serious mold as when the wet
weather occurs from the time of flowering onward.

Few fungi infect sorghum spikelet tissues during carly stages of grain
development. These are (in approximate order of importance) Fusarium moniliforme
Sheld., Curvularia lunata (Wakker) Boedijn, Fusarium pallidoroseum (Cooke) Sacc.
(F. semitectum Berg., and Rave.), and Phoma sorghina (Sacc.). F. moniliforme and C.
lunata, and they are significant worldwide (Castor, 1981; Frederiksen ef al. 1982;
Williams and Rao, 1981; Bandyopadhyay, 1986). Several fungi belonging to about 21
genera have been reported so far with sorghum grain by various workers.

In Vidarbha region of Maharashtra, the most common grain mold
fungi in relative order of frequencies are C. Junata (40-60%), F. moniliforme (15-
20%), F. pallidoroseum, Drechslera spp., Phoma sorghina, Alternaria spp. and
Aspergillus spp. (5-30%) (Anon., 1984).

C. lunata and F. moniliforme secrete amylases, cellulases and

resulting in disintegration of cndosperm and germ tissuc. These fungi also
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interfere with carbohydrate transloction to developing kemels causing reduction in
size and weight of the kemels, causing physical, physiological and chemical changes.
Endosperm of molded grain appears chalky because of partial hydrolysis of starch and
protein. Molded grain may be contaminated with mycotoxins and present health
hazards to consumers (Castor and Frederiksen, 1980).

In general, avoidance and/or sowing GM resistant cultivars are the only
practical and economical methods for control of GM in sorghum. Chemical control of
GM is usually impractical and too costly.

Several characteristics contribute resistance to field deterioration of
grain viz, loose heads, sced completely enclosed in glumes (Murty, 1975), colored
grain with high tannins and presence of pigmented testa (Harris and Bums, 1973).
However, some white-grained varicties and relatively small glumes and even a



cultivar with compact panicle have been reported to be less susceptible (Williams and
Rao, 1978). Thin mesocarp, rate of water absorption and conductivity of sced
leachates (Glueck et al., 1977), hardness of sced (Rana et al,, 1978), endosperm
texture, pericarp thickness, surface wax and grain integrity (Glueck and Rooney,
1977), flavan-4-ols and hardness of grain (Jambunathan et al, 1991) and phenolic
acid (Hahn and Rooney, 1986) are known to influence GM resistance. Presence of
phenolic compounds (PC) and phenolic acid (PA) in mature caryopsis of sorghum in
wet or dry environment (Waniska et al,1989), stele layer and its thickness and
clectrical conductivity of grain leachates (Somani, 1992) are also reported to play
roles in resistance. It is apparent that several factors, independently or in combination,
contribute to GM resistance. The most important arc tannins, flavan-4-ols, and
phenolic acids, type of proteins and grain hardness.

The recently improved carly-maturing cultivars have higher harvest
index and give stable and high yiclds under favorable environment, but when they
flower fill grains and often mature in wet weather, it results in:

i) increased susceptibility to parasitic and saprophytic fungi that destroy the
grain,
i) loss of seed viability and sprouting on the panicle, and
iii)  poor food quality.
Since farmers prefi depend upon the ption value of the

grain and its market price, grain deterioration problem becomes crucial for the
extension and adoption of high yielding cultivars.

The high yielding, white-grained cultivars developed recently do not
possess sufficient levels of resistance to grain molds. Colored-grained sorghum
germplasm lines with high level of mold resistance have been used for developing
white-grained genotypes with good levels of resistance in elite materials (varietics) of
good grain quality and yicld. Mold resi in white-grained types is i
with grain hardness, while that of brown-grained types with cither high tannins or
flavan-4-ols or grain hardness. Cultivars with a combination of these factors are
highly resistant. It appears that flavan-4-ols is not produced in white-grained types,




cither mold-resistant or mold-susceptible. At present the only factor known to be

responsible for mold resistance in white-grained cultivars is grain hardness.

Intensification of efforts to breed mold resistance into high-yielding cultivars is in

order, so that farmers can efficiently grow mold-free sorghums (Mukuru, 1992). Due

to grain mold problem, sced production of the hybrids that are grown in Maharashtra
state is being taken up in southern States. The Maharashtra State Government is thus
emphasizing priority to grain mold rescarch in the state.

In view of the above, and the rccommendations made at the

International workshop held at Harare, Zimbabwe in March, 1988 grain mold has been

identified as number one problem of sorghum in India. The present investigation,

undertaken at Sorghum Research Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth

(Dr PDKV), Akola (M.S.) during 1994-1997 and at International Crops Research

Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh during

1995-1997 had the following objectives.

1. To determine the infection sites and colonization of F.moniliforme, F.
pallidorseum and C. lunata at different stages of host maturity.

2. To understand mold resistance heritability using a simple 10 x 10 diallel
among resistant and susceptible lines.

3. To study the physical characters viz. glume color, glume covering, grain
hardness, clectrical conductivity of grain leachates, endosperm texture,
pericarp color and thickness, presence of testa layer in relation to mechanisms
of resistance to grain mold.

4. To study the biochemical parameters viz, i) proteins ii) soluble sugar iii)
tannins iv) flavan-4-ols v) protein fractions viz, albumin and globulin,
prolamin, cross-link prolamin, glutelin-like, glutelin and residues in relation to
biochemical mechanism of host resistance.
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REVIEW OF LITERATURE

2.1 Predisposition

It is well recognized that predisposition of sorghum panicles to wet and humid weather
from flowering to grain maturity period favors infection by grain mold fungi . (Tarr
,1962; Balasubramanian, 1977, Gray et al. 1971; Koteswara Rao and
Poornachandrudu, 1977; Williams and Rao, 1978; Gangadharan et al., 1978) reported
that the wet weather and heavy rainfall stimulate the development of molds at all the
stages from the emergence of ears to the ripening of grains, wet weather conditions
have a greater bearing on the extent of moldiness. A highly significant correlation
exist between the percent of mold grains in carhead and rainfall.

Siddiqui and Khan (1973) reported that grain maturity and not the
flowering stage, must coincide with rains for grain mold development, other factors
being normal.  Under favorable high moisture conditions mature sorghum grains are
invaded by Alternaria, Cladosporium, Phoma and Fusarium semitectum (Seitz et al.,
1975).

Dry weather during flowering and grain development followed by wet
weather at maturity does not promote serious mold of wet weather that continues from
the time of flowering onwards (Williams and Rao, 1978).

Screening of sorghum lines for grain mold resistance under field
conditions has successfully been done by spraying panicles with water (Anahosur,
1983; Deshmukh, 1989) or by providing sprinkler irrigation on rainfree days (Butler
and Bandyopadhyay, 1990).

A good level of grain mold development was recorded at Hyderabad,
Coimbatore, Dharwad and Baraut in years when rainfall was high during flowering to
grain maturity period (Indira et al, 1991). Somani (1992) also highlighted the

importance of rainfall in grain mold development.



2.2 Screening/Identification of grain mold resistance
Screening methods used by different workers and sources of resistant/tolerant to grain
mold are summarised below:

Reference Lines Remarks
1 2 3
Kulkami et al. (1975) Selections H-142, H-143, and H-145 -

from a cross CSV-4 (resistant) x
H-112 (susceptible)
Glueck (1977) E-35-1,1S-2327 and 1S-2328 relatively
(less susceptible) small glumes
Gangadharan et al. (1976) K-3 (resistant), CSV-4 (CS-3541), -
CO-21, CO-22, SPV-34, SPV-181
and [S-3880 (moderately resistant)

Anahosur and Patil (1982) 1S-14332, 1S-3443 and 1S-2328 -

Rao and Rao (1982) 1S(s)-14332 (completely free), 2328, -
E-35-1, M(s)-38776,6090,90324,61743,
62467,62522 and 64083 (resistant),
SPV-104 and CSH-1 (susceptible).
SPV-126, M-90894, E-35-1,SPV(s)-  Ficld
315,312,371 and 311 (resistant), 138, & labora-
SPV-247, CS-3541, CSV-8R, and tary ratings
M-90253 (moderately resistant)

Contd..



1 2 3

Rao ct al. (1984) CS-3541 (resistant) ICRISAT
CSV-5, SPV(s)-35,81,102,126,141  genetic
and 249 (moderately resistant) stock
1S(s)-3927,9327,9333
and IS-9530 (resistant)

Chandrasckaran et al. (1985)  SPV(s)-126,346,544,617 and 679 TGMR,
and 1S(s) 6265, 8283 and 14332 disease
(promising) intensity and

germination

Shrotria et al. (1986) IS(s) 4006,5959,6047,6335,7237, Field and
8131,2930,13798,13804,13598 laboratory
and PAB-105 test.

Stenhouse et al. (1990) 1S(s)-9470,15119 (moderately Male
resistant) sterility
18(s)9470, 25077,23585,1815,10696,

10942 and 20884 (resistant)

Anahosur (1992) SPV(s)-126,312,346,351,386,472,  Screening
2219B,DMS-1B,MR(s)-750,849, methods,
15(s)-3443,3547,14332,10892, ficld grade,
14372,14380,22995, and 24996 TGMR, ger-
(resistant) mination, no

loss in 100
grain mass




Contd..
1 2 3
1S(s)-14375,14380,24995, Brown
24996 and 108922 sorghums
Rao et al. (1995) 1S(s)-7173,23773,23783 and in vitro with
34219 (resistant) F.monili-
forme
C.lunata
F.pallido-
roseum

2.3 Effect of grain mold on seed weight

Infection by F. moniliforme and C. lunata has been reported to interfere with
carbohydrate translocation to developing kernels, and thus causing reduction in size
and weight of sced (Bhatnagar, 1971; Gray ef al,, 1971; Mathur et al., 1975; Castor
and Frederiksen , 1977).

Significant grain weight losses (40-70%) due to infection by several
grain mold fungi have been reported (Gray et al., 1971; Sundaram et al., 1972; Glueck
and Rooney, 1976; Castor, 1977, Singh and Agrawal, 1989).

Forbes, et al. (1989) compared severity with loss in grain weight, the
standard deviation of grain weight, grain density, electrolyte leachate, percentage
germination and visual appraisal of moldy, off colored or smaller grain. Grain density

and grain weight were less closely associated with severity.
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Somani (1992) recorded reduction in test weight by 53,51,24 and 9% in
combine inoculations (F. moniliforme and C. lunata), 46,40,20 and 8% duc to C.
lunata and 42,25,7 and 5% due to F. moniliforme when inoculated at 10,20,30 and 40
DAF in 296-B cultivar. Martinez et al. (1994) reported decrease in test weight and
percentage of sced germination and molding was higher in the white cultivars than in
red or brown ones.

2.4 Effect of grain hardness on mold development

Plant breeders and technologists have used the terms “hardness” or “vitreousness” to
describe the endosperm textural characteristics of sorghum grain.  Although a
substantial number of reports have dealt with techniques to measure hardness of
wheat grains (Obuchowski and Bushuk, 1980) only limited data available on hardness
of sorghum grain (Rooney and Sullins, 1969; Maxson et al,,1971).

Grainhardness in sorghum is contributed by several factors, such as
grain shape and size, thickness of pericarp, the adherence of pericarp to endosperm
and starch-protein interactions (Greenwell and Schofield, 1986). Abedelrahman and
Hoseney (1984) reported that cross-link prolamin may be advantageous as it confers
hardness to grain.

Rana et al. (1977) reported that tan plant type having grains with lower
water absorption capacity and higher grain hardness could contribute to mold resistant
cultivars. Glueck and Rooney (1980) opined that comeous endosperm texture and
more epicuticular wax contributed to increased weathering resistance. Rana et al.
(1984) reported hardness and rate of absorption of water are predominant additive
character offering resistance to grain deterioration.

Mukuru (1988,1992) reported that mold resistance in the white-grain
advanced selection was associated with grain hardness. Resistance in red-grain types
was associated with flavan-4-ols and grain hardness, while that of brown grain types
was associated with cither high tannins or flavan-4-ols or grain hardness. Cultivars
with combination of these factors are highly resistant. At present the only factor
known to be responsible for mold resistance in white-grained cultivars is grain
hardness.



In white sorghum without test, grain hardness contributes positively to
mold resistance (Bandyopadhyay, 1988; Stenhouse et al., 1990).

Ratios of hardness to grain mass in white-red and brown grained
sorghums suggested, that resistance in whitc and red grains might be due to hardness.
Correlations between hardness, grain mass and threshed grain mold ratings (TGMR)
generally supported the conclusions (Reddy et al. 1991). It was further pointed out
that, the flavan-4-ols and hardness were inherited as dominant traits and these together
were responsible for resistance in red grained hybrids. Mold resistance in white
grained sorghum genotypes without testa could be attributed to their having harder
grains than mold susceptible genotypes. Association of both flavan-4-ols and grain
hardness with resistance to grain mold is reported. Grain hardness is govened by
prolamin content.

Kumari et al. (1992) reported that hard grains showed less
incidence of grain molds than soft grains during development. Microscopic
examination showed more intense deposition of protein bodics in hard than in the soft
grains. The presence of fungal hyphae in the endosperm of soft grains and pitted
starch granules was clearly visible microscopically. Extract of immature and mature
hard and soft endosperm were inhibitory to F. moniliforme growth. These inhibitors
were heat labile and non-dialyzable indicating that protein factors may be involved.
The activities of inhibitors to serenc proteascs were comparatively higher in
endosperm of hard grain during development. The endosperm of hard grain
contained more protein and prolamin than that of soft grains.

Mukuru (1992) suggests that for sorghum lincs to be mold-resistant
their grain must remain hard and vitreous in the field under wet and warm conditions -
the ideal environment for grain mold development. Sorghum grains with hard and
vitreous endosperm are also known to be least susceptible to storage weevils.
However, it was reported that grains with a harder, more vitreous endosperm were less
digestible than those having soft endosperm.
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2.5 Endosperm texture in relation to grain mold
The relative proportion of the corneous to floury endosperm within a sorghum kemnel
is often referred to as endosperm texture. Texture can be determined by a visual
examination of longitudinal half kemel. The rating ranges from 1 to 5, where 1 means
very little floury endosperm (<20%) almost completely comeous and 5 rating means
essentially all floury (>80%) endosperm. Munck (1981) reported that determination of
percent of soft (or ‘floury’) portion in kernels of sorghum is another measure of
hardness.

Kirleis et al. (1984) developed a method for measuring endosperm
texture by quantitatively determining the comeous and floury areas of sectioncd

sorghum grain using a light microscope. The comeous endosperm characteristics are

not y for resi ¢ to hering; however, if all other things were equal, a
line with more comeous grain would resist dcterioration more than a floury endosperm
line, because of the more dense structure and organization (Clark et al., 1973; Ellis,
1972, 1975, Garud, 1992).

Glueck et al. (1977) and Glueck and Rooney (1980) used several lines
that had consistently ranked high among the most resistant to weathering at all
locations in several years of testing, and concluded that grains with more comcous
endosperms were more likely to resist deterioration than floury endosperm lines.
However, Mansuctus (1990) reported that endosperm texture had no effect on grain
mold score, but in all cascs the presence of the testa decreased mold incidence.

Somani (1992) reported that corneousness of endosperm contributes
towards resistance in white grain genotypes. He used iodine vaporization method.
Hardness grades were attributed on the basis of lower absorption comeous endosperm
do not take much color.

2.6 Electrical conductivity of grain leachates and grain mold development

Glueck ef al. (1977) suggest scveral possible mechanisms for resistance to grain
deterioration, including rate of water absorption and conductivity of seed leachates
and these tests may be useful as preliminary screening method. Glueck and Rooney
(1980) reported that cultivars with rapid rate of water uptake cxhibited less resistance



to weathering. Composition of leachates from these cultivars was richer in nutrients.
A thicker mesocarp and softer endosperm texture usually corresponded to increased
water absorption and richer leachates. Forbes (1986) reported that automatic
measuring of seed leachates and its correlation with seed germination could become
& efficient technique for studying the effect of GM severity on viability. Grain mold
severity, caused by F. moniliforme was positively correlated with clectrolyte leachates
(Forbes ct al., 1989).

Somani (1992) also reported that clectrical conductivity of sced

leachates was more in susceptible cultivars.

2.7 Glume color and glume covering

Murty (1975) noticed Curvularia’ infection on the portion of seed not covered by
glume and concluded that open heads with seeds completely enclosed in long papery
glumes are relatively resistant to field deterioration. Gangadharan et al. (1978)
noticed that fully enclosed grain by glume and loosc heads are the factors associated
with resistance. Glueck and Rooncy (1980) reported that panicle shape, glume
characters, wet season avoidance, seed size contribute to increased resistance to grain
molding. Longer glumes are considered protective to the grain, but only if the glumes
do not trap water. Narayana and Prasad (1980) suggested besides permeability of
grain, hard grain, papery pericarp as reported by various workers, the glume
characters, viz. glume permeability, tight/loose attachment of glume to seed were also
other possible factors and structural and chemical composition of seed also contribute
to resistance. Studies of Mansuetus, er al. (1988) showed that discase incidence was
negatively associated with glume cover (r=-0.56), glume length (-0.56) and glume area
(-0.62) at the boot stage. Somani (1992) also reported that covered kemel with
compact glumes showed less grain molds.

2.8 Pericarp/Mesocarp

Swanson and Hunter (1936) pointed out that the great discrepancy between laboratory
and field germination of better known sorghum varicties was due to the relative
thickness of starchy layer of cells located in mesocarp. When seeds soaked in water
for 2 hours, the varieties having thick mesocarp (70-80 pum) absorbed about 33% more
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moisture than the varictics which had thin mesocarp (20-50 pm). Glueck and Rooney
(1977) found that water enters through the pericarp, especially through hilum area.
Long enveloping gl does not ily protect the grain from weathering, open
glume types are probably more vulnerable to sprouting on the head, pigmentation in
pericarp and glume is not necessary related to resistance, though it may impart slight
degree of resistance. They also reported that thin mesocarp sorghum withstand
weathering better than those with thick mesocarp and that quantity of surface wax was
probably not a factor since the most susceptible lines had adequatc or greater
quantities of surface wax when compared to resistant lines. However, alteration in the
distribution of wax on the surface of pericarp may affect water uptake by the grain. A
thin pericarp on sorghum caryopsis normally corresponds to less weathering. Glueck
and Rooney (1980) reported that at physiological maturity, colonies of fungi was
observed in starchy mesocarp and the cross and tube cells of the pericarp in all
cultivars.  Since fungal colonies were observed inside the pericarp are readily
hydrolyzed by saprophytic fungi. Hence, a thick mesocarp that contains starch and
protein support more fungal colonies than sorghum with thin mesocarp.  The
mesocarp is thin when the Z gene is dominant (Z-) and thick when the gene is

recessive (zz). Also most of free phenolic compounds are located in pericarp and the
adjoining testa layer. These apparently bioactive compounds would be diluted with
starch etc, in a thick pericarp.

Narayana and Prasad (1980) suggested besides permeability of grain,
hard grain, papery pericarp as reported by various workers, the glume characters, viz.
glume permeability, tight / loose attachment of glume to seed were also other possible
factors and structural and chemical composition of sced also contribute to resistance.

Castor (1981) from his histopathological studies reported that
mesocarp provides an ideal envil t for carly colonization and a jumping — off
point for fungi to continue the deterioration on the grain after the infection has taken
place. Miller (1981) noticed that thick P types are susceplible to grain mold.
Bandyopadhyay et al. (1988) when d 26564 sclected ions from the
world collection of sorghum germplasm in field during the 1980-85 rainy seasons
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found that all resistant accessions except one, had colored pericarp. Waniska et al.
(1992) observed that sorghum cultivars that exhibit some resistance to deterioration
have thin pericarp besides comeous endosperm and specific phenolics. The red
pericarp trait also conferred grain mold resistance to certain extent. The effect of a red
pericarp was enhanced by the presence of a intensifier gene. The cffect of both
pigmented testa and red pericarp were additive. Mesocarp thickness did not play a
significant role in grain mold resistance.

2.9 Loss of seed viability and germination

Tarr (1962) reported that Aspergillus, Fusarium and Rhizoctonia species were
responsible for poor emergence of sorghum scedlings, since these fungi destroy
starchy endosperm of sced and thus deprive young scedling of it's food. Anf and
Ahmed (1969) found that Fusarium spp. werc the most harmful, followed by
Aspergillus, Penicillium and Helminthosporium in reducing germination. Narasimhan
and Rangaswamy (1969) found a viability reduction of 40 to 80% when healthy
sorghum sceds were treated with mold isolates. Bhatnagar (1971) and Castor (1977)
noticed that fungus infected sceds often exhibited a reduction in germination and
emergence, which caused poor stand in the farmers fields.

Tripathi (1974) obtained 56% germination with moldy sorghum grains,
whereas apparently clean grains gave 76% germination. Further, they reported reduced
germination by (42%) duc to Colletotrichum graminicola followed by C. lunata
(40%), F. moniliforme (37%), Phoma insidiosa (26%), Penicillium spp. (23%) and
Aspergillus flavus (18%). Castor (1977) reported reduction of germination from 95 to
77% with grain harvested from Fusarium spp. inoculated heads. Rao and Williams
(1977) obtained viability loss upto 100% in sorghum grains with severe Fusarium and
Curvularia infection. Denis and Girard (1977) and Castor and Frederiksen (1980)
considered, loss in viability to be so important part of grain mold, that they
recommend a germination test as part of standard evaluation for identification of grain
mold resistance. Munghate (1980) recorded 0.75 to 25.25% and 0.75 to 5.30% loss in
germination due to C. lunata and F. moniliforme, respectively. Bhale and Khare
(1982) observed pre- and post-emergence mortality due to seed bome C. Junata and
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F. moniliforme in water agar scedling symptom test method. Vidyasckaran (1983) and
Granja and Zambolim (1984) recorded low germination of sorghum sceds duc to
severe infection of F. montliforme.

Forbes (1986) stated that severity appears to be more closely associated
with seed viability than with yield, two measures of scverity (ergosterol concentration
and propagules of F. moniliforme g-1 seed tissue) were highly correlated with percent
germination than with sced mass or grain density. Automatic measuring of seed
leachates and correlation with germination could become an efficient technique for
studying the effect of GM severity on viability. Deshmukh (1989) reported that C.
lunata, F. moniliforme and Exserohilum halodes caused considerable reduction in
germination. Singh and Agrawal (1989) noted that scedling from infected seeds were
less vigourous than those from healthy seeds. Wu and Cheng (1990) reported that the
incidence of C. Junata in blotter test was negatively correlated with seed vigour. The
incidence of three pathogens (C. lunata, F. moniliforme and P. sorghina ) in blotter
test was significantly correlated with abnormal seedlings in scedling evaluation,
secdling growth and accelerated aging tests.

2.10 Seed mycoflora
Seed mycoflora of sorghum varies from region to region. Frequently occurring fungi
associated with moldy sorghum grain mold complex reported by different workers

throughout the world is summarised below:

Infection
Location Fungi detected frequency(%) Reference
1 2 3 4
Georgia Colletotrichum grammicola, - Luttrell

(1950)
Curvularia spp., Fusarium spp.,

and Penicillium spp.

Contd..



Contd..
1 2 4
Kansas,USA  Alternaria tenuis, Curvularia Swarup
(1955)
spp., Fusarium spp, and
Aspergillus spp.
India Curvularia spp., F. moniliforme, Mathur
and F. axysporum, ctal. (1967)
Edembergh Ascochyta sorghi Noble and
F. moniliforme, Richardson
C. lunata, C. graminicola, (1968)
Drechslera spp., and
Peronasclerospora sorghi.
Maharashtra Aspergillus niger, C. lunata, - Bhagwat and
F. moniliforme, Pedgaonkar
F. semitectum, Helminsthosporium (1973)
rostratum and H. tetramera
F. moniliforme - Bhagwat and
Datar (1974)
C. lunata 42% Tripathi
(1974)
F. moniliforme 19%
A. flavus - 15%
Phoma insidiosa 13%

Contd..




Contd..
1 2 3 4
India F. moniliforme and - Mathur et al.
F. semitectum (1975)
C. lunata 35% Khare ct al.
A.tenuis 31.2% (1976)
F. moniliforme 10.0%
F. roseum 12.5%
A.niger 3.1%
F. axysporum 2.5%
Madhya C. lunata, Alternaria spp., - Sharma et al.
Pradesh Fusarium spp. and Verticillium spp. (1976)
USA Fusarium and Curvularia - Castor 7)
USA C. lunata and F. moniliforme Castor and
Frederiksen
191
India Curvularia, Fusarium and Phoma Reddy and
Reddy(1977)
UsA Alternaria spp., C. lunata - Castor and
Frederiksen
(1980)
F. moniliforme, Fusarium spp.,
H. tetramera and Phoma spp.
Curvularia spp and Fusarium spp. - Williams and
Rao (1978)

Contd..



Contd..
1 2 3 4
Brazil Alternaria alternata and - Pinherio et
Curvularia spp. al. (1979)
Kamataka A. alternata, C. lunata - Anahosur
Drechslera specifera, F. and Hegde
moniliforme, F. semitectum, (1980)
Phoma sorghina and Trichothecium roseum
USA Gibberella fujikuroi - Castor and
Frederiksen
(1981)
India Curvularia spp and Fusarium spp. Williams and
Rao (1981)
Madhya Pradesh C. Junata 2-49% Bhale and
Khare (1982)
F. moniliforme 4-30%
P. insidiosa 2-5%
Philippines F. moniliforme and C. lunata - Dayan and
Dalmacio
(1982)
Taiwan F. moniliforme, C. lunata, Wu (1983)
and Phoma sorghina
India F. moniliforme, F. axysporum, - Gopinath and
Shetty (1985)

F. semitectum and F. solani

Contd..



Contd..
1 2 3 4
India C. lunata 21.7% Singh and
Agrawal
(1987)
F. moniliforme 9.4%
P. sorghina 8.4%
C. lunata, Drechslera sorghicola - Gupta and
Singh (1988)
F. moniliforme and Phoma spp. -
China F. moniliforme and F. axysporum Liang and
Bai (1988)
Vidarbha C. lunata 62% Deshmukh
(1989)
F. moniliforme 26%
Inida C. lunata, F. moniliforme and - Singh and
Agrawal
(1989)
Phoma sorghina
Taiwan C. lunata, Drechslera maydis - Wu and
and £. moniliforme Cheng(1990)
Thailand C. lunata, Fusarium spp., - Boon-Long
(1992)
Colletotrichum spp. and
Contd..
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1 2 3 4

Phoma spp.
Central America F. moniliforme and C. lunata - Wall and
Carribean Meckenstock
Basin (1992)
Vidarbha C. lunata and 44.6% Somani

F. moniliforme 40.8% (1992)

Blochemical parameters

2.11 Proteins (protein fractions)
Sorghum proteins varied in their propertics and amino acid composition. It has also been
reported that protein content has been negatively related to lysine content. (Virupaksha and
Sastry, 1968). Deosthale et al. (1972) reported that sorghum genotypes, growing environment
and nitrogen fertilization influcnced the protein content in sorghum. Gupta and Gupta (1974)
suggested that the quality of protein depends on amino acid composition and proportion of
various classes of proteins. They also observed that in sorghum levels of prolamin and
glutelin progressively increased from early milky stage to maturity stage. There was
progressive increase in the fraction IV (glutclin like) from 7 to 35 days of maturity period,
which then stabilized until maturity. Insoluble protein in the residues were high
during the first 7 days and decreased until 21 days, with very little change thercafter.
Jambunathan ef al. (1975) and Guiragossian ef al. (1978) reported distribution
of nitrogen in different fractions of proteins from the grains of 1S-11167 and IS-11758.
Glueck ef al. (1977) reported that the proteins are hydrolyzed and partially used in the
synthesis of fungal protein and remain in the moldy grain. Guiragossian et al. (1978)
observed that mutation in P-721 sorghum decreased quantity of Kafirin (Prolamin) with an
increase in the albumin-globulin fraction. Rooncy and Miller ~ (1982) reported that the
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matrix protein is comprised mainly of glutelins (alkali-soluble proicins) and proiamins.
(alcobol-soluble protein). The prolamin, exists in small spheres called protein bodics.
Physical and chemical characteristics of the grain from different sorghum varicties influenced
solubility's and chemical scores of protein fractions (Neucere and Sumrell, 1979). Nwasike et
al. (1979) observed that, in gencral cross-link prolamin is high in sorghum, as compared to
pear] millet and com. Jambunathan et al. (1983) reported that protein content in 146 grain
samples obtained from the ICRISAT breeding program, lysine, normal sorghum grains and
their progenics, ranged from 7.1 to 19.1%

Subramanian et al. (1983) reported 8.8 to 13.2% with mean value 10.56%
protein content in 18 brown sorghum genotypes. They also reported protein content in 8 grain
samples comprising land races, hybrids and local cultivars, ranged from 6.8 to 19.6%. Also
observed that protein content of developing grain was high 7 and 14 days after anthesis, and a

declinc was observed towardsmaturity. Cross link prolamin may be advantagcous as it
confers hardness to the grain (Abdelrahman and Hosency, 1984). Subramanian and
Jambunathan (1984) estimated protein content in sorghum germplasm accessions that varied
from4.4% to 21.1% with mean value of 11.4%. Van Scoyoc et al. (1988) reporied that the
percentage distribution of fraction I, expressed as percent of total nitrogen, declined rapidly
and steadily in developing sorghum grain. However, when cxpressed as N content/
endosperm, the pattemns of nitrogen per endosperm for fraction I were very different from
those cxpressed as a percentage of total protein. Prolamin synthesis was low during first
scven days after anthesis (DAA), reached to its maximum from 14 to 28 days and declined
thereafter. Synthesis of cross-linked prolamin steadily increased until maturity. This suggests
that prolamin was synthesized in different proportion during different stages of grain
development. Onset of active synthesis of glutelin was observed from 21 days afier anthess,
with little change until maturity.

Submnmgl& et al. (1990) studied the distribution of protein fractions in grains
revealed that, fraction I, comprising albumin - globulin including non-protein nitrogen, and
fraction V (glutelin) together constitute about 41.55% of the protein in eight sorghum
cultivars. Variation in fraction II (prolamin) fraction [II (cross-linked prolamin) contents was
observed among the cultivars. To elucidate the pattem of synthesis of protein fraction in
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grain, studies were made at different grain maturity periods, using one cultivar. Fraction I,
synthesis was initiated at seven DAA. Prolamin increascd from 14 to 28 days and declined
toward maturity. Glutelin did not change beyond 14 days and declined toward maturity.
Glutelin did not change beyond 14 day afier anthesis until maturity.

Indira et al. (1991) noticed that grain hardness is generally govemed by
prolamin content. Desai ef al. (1994) reported grain protein content from 8.94% to 12.38%,
averaging 10.63% in 13 sorghum cultivars compriscs of land race hybrids, local cultivars.
Kumari and Chandrashekar (1992) reported the endosperm of hard grains contained more
protein and prolamin than that of soft grains. Somani et al. (1993) in analysis of grain
revealed that the crude protein content was slightly reduced in the discolored grain. The
amino acid spectrum was also changed in these grains and it is suggested that this may be due
by hydrolysis of weakened protein matrix.

Scctharaman et al. (1994) reported the presence of antifungal proteins in
several sorghum cultivars using antibodies raised against zeamatin, barley chitinase and bean
chitinase. Seetharaman et al. (1996) reported changes in sorghum caryopsis antifungal
proteins (AFP) in different tissues and during development imbibition, and germination,
Somatin, chitinase and glucanase levels increased during caryopsis development and b ghesh
at physiological maturity (30 DAA). Ribosome inactivating protein levels were higher at 15
DAA and decreased subsequently. Somatin and chitinase levels were significantly different
between sorghum cultivars. Somatin content at physiological maturity corrclated with mold
rating (R(2) = 0.65). Seed AFPs were present in endosperm and migrated toward the
extension of caryopsis upon imbibition. AFPs leached out of immature seeds but were
retained in the pericarp of mature seeds. Levels of these proteins also changed significantly
during sced germination and were present in the shoots of germinating caryopsis.

2.12 Soluble sugars

Edwards and Curtis (1943) analysed 26 sorghum samples for soluble sugars and the content
varied from 0.81 to 1.59%. Sorghum sced with sugary endosperms have been reported to
contain at least twice the quantity of sugars that normal seed contain (Karper and Quinby,
1963).
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Glueck et al. (1977) reported that in deteriorated grain the soluble carbohydrates
arc usually decreased as they are used to provide energy for the growth and development of
the fungi. Neucere and Sumrell (1980) reported that free sugar content in five varictics of
sorghum varied from 2.34 to 6.01%. Subramanian et al. (1980) reported the total sugar
content of the 10 sorghum cultivars varied from 1.30 to 5.19%. The high lysine Ethiopian
lincs, IS-11163 and 1S-11758 had higher sugar content i.c. 5.19 and 4.43 % respectively.
They also estimated that sucrosc is the predominant sugar in the sorghum grain. The
proportion of sucrose ranged from 68.7 to 82.7% of soluble sugars in the sorghum cultivars,
Subramanian et al. (1983) reported the soluble sugar content of the 18 brown sorghum
genotypes rangcs from 1.1. 0 2.5%

2.13 Tannins and Flavan-4-ols

Swain and Bate-Smith (1962) defined tannins as phenolic compounds (PC) having molecul
weights between 500 and 3000. Depending on their molecular structure, tannins are
customarily divided into hydrolyzable and condensed tannins. Hydrolyzable tannins are

complex molecules containing ester type linkages, which yicld on hydrolysis, a sugar and

phenol residue consisting ester type linkages. These consist of cither gallic or ellagic acid,
which is dimer of the former. Condensed tannins arc formed by the polymerization of
molecular units having the general structure of flavanoids, the most important of which are
flavan-3-ols (catechin) and flavan-3, 4-diols (leucoanthocyanidins). Relatively little is known

about the occurrence and distribution of proanthocyanidins and I thocyanidins in

sorghum tissues. As a result of injury or physiological stress, sorghum Icaf tissue frequently
develop red coloration due to anthocyanidins. I.eucoanthocyanidins could be precursors of
these pigments. Harris (1969) reported that brown-sceded hybrids have higher tannins levels
than red or yellow seeded hybrids. Weinges ef al. (1969) and Watterson and Butler (1983)
noticed that certain monomeric flavanols, such as flavan-3,4-diols and flavan-4-ols can give
fise to anthocyanidins and therefore these can be distinguished from the oligomeric flavan-3-
ols by the name “leucoanthocyanidins™.

Maxson et al. (1972) stated that kemels with a testa or a coloured pericarp
should be tested for tannins and those with values lower than 0.05 catechin equivalents/g of
sorghum be selected. McMillan et al. (1972) mentioned that tannins present in the grains of
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certain varictics resist bird depredation. Bullard and Elias (1980) reported that resistance to
bird depredation is a complex phenomenon that may be associated with non-tannin
polyphenols, as well as tannins,

Harris and Burns (1973) reported that sorghum seed tannins content was strongly
and negatively comelated with pre harvested seed molding indices. Brown sced with high
tamnin contents and the presence of pigmented testa are relatively resistant to field
deterioration (Ellis, 1972; Murty, 1975). High tannin sorghums tend to be less digestible and
nutritionally inferior to sorghums in which tannin is absent or present at low levels (Maxson
et al, 1973; Jambunathan and Mertz, 1973; Mabbayard and Tipton, 1975) reported that
pericarp color may rot be a reliable indicator-fantannin concentration.

Price et al. (1979) and Hagerman and Butler (1981) noticed that tannins
binds certain proteins very strongly and thereby diminish the digestibility and nutritional
value of high tannin sorghum grains. Most cultivars with pigmented testa containing polymer
of flavan-3-ols (tannins) resist weathering. (Glueck and Rooney, 1980; Hahn et al, 1983;
Bandyopadhyay ef al., 1988). Hagerman and Butler (1980) noticed tannin associated proteins
consists of three major components, two of which arc high molecular weight prolamins and
one of these was quite rich in proline. Butler (1981,1982) reported that the most important
factor controlling the aﬂ'mir; a ; protein for sorghum tannin, was the amount of proline that
it contains. The affinity of protein for tannin can be predicated with reasonable accuracy from
its prolinc content. Also reported that flavan-4-ols monomers may contribute to bird
repellency of high-tannin sorghums. Rooney and Miller (1981) pointed that phenolic
compounds in sorghum caryopsis improve resistance to birds, insects and molds as well as pre
harvest germination.

Hahn et al. (1983) separated PA and identified cight acids from sorghum
extracts by HPLC, their concentration and whether bound or free differed with cultivar.
Sorghum grain resistant to fungal attack contained both a greater variety and larger amounts
of identified PA and unidentified compounds. Resistant cultivars had more PA in free form.
Subramanian et al. (1983) reported tannin content (catechin equivalents) in 18 brown
sorghum genotypes which ranged from 0.13 to 7.22 CE % . They reported that variation in

nin content was much larger than variation in the other constituents. Detailed polyphenol
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analysis on selected genotypes indicated that some lines had insignificant levels of condensed
tannins, that none of them was a group IT sorghum and that the levels of flavan-4-ols were
relatively high. Cultivars with red pericarp (with or without pigmented testa) containing
significant levels of flavan-4-ols exhibit resistance to weathering. Mukuru (1992) found that
cultivars with white pericarp without pigmented testa do not contain significant levels of
flavan-4-ols, yet some of these cultivars exhibit resistance to weathering. Apparently, flavan-
4-0ls and related compounds arc involved in some way with resistance to grain weathering.
Hahn er al. (1984) concluded that phenolic compounds i.c. phenolic acids, flavanoides,
anthocyaniding and tannins are located primarily in the pericarp and testa layers of the
sorghum caryopsis. Ring (1984) d d phenolic compounds in leaves and glumes of
sorghum. Jambunathan er al. (1986) analysed polyphenol concentrations in grain, leaf and
callus tissues of mold susceptible and mold resistant sorghum cultivars and reported that the

leve! of flavan-4-ols were two to three-fold higher in mold-resistant cultivars than in mold-
susceptible cultivars. Doherty er al. (1987) and Forbes (1986) reported that free PC and
tannin contents in caryopses increase significantly during development, reaching maximum
levels 7-18 DAA. At maximum, the levels of frec PC and tannins were two to cight times
higher than those observed in mature grain. PC and tannins are apparently being bound to
cellular tissues, and therefore are not extractable for analysis. The high level of frec PC and
tannins occurred during the period of early invasion and colonization of fungi of the
caryopsis. Hence, it is likely that these compounds are involved in the resistant mechanisms
of grain weathering, Bandyopadhyay ef al. (1988) reported 24 grain mold resistant accessions
with colored pericarp had negligible amounts of tannin (less than 1.0 CE%) and 14 of the 24
lacked the testa layer. The range of tannin content in the resistant accessions was 0.1-10.7
CE%. Mansuetus et al. (1988) observed that resistant cultivars had higher free PC content in
their glumes and mature cayopses, and showed greater increase in these compounds in
response to infection than susceptible cultivars. Measurements of parahydroxybenzoic,
coumaric, vanillic and gentisic acid contents indicated that phenolic-bound acids provide the
plant with back-up defence to F. monififorme when frec PA have been depleted from the

caryopses.
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Forbes et al. (1989) reported that resistant cultivars also respond more quickly
to fungal invasion via increased levels of PC and pigmentation of spikelet tissues than do
susceptible cultivars. Waniska et al. (1989) quantified PC and PA in mature caryopses of
sorghum grown in wet or dry environments. Seventeen cultivars varying in pericarp color and
presence of pigmented festa cxhibited different degree of resistance to molding in wet
environment. Sorghum caryopses with white pericarp had lower free PC contents (14 micro
g/ caryopses) than those with red pericarp (41 micro g / caryopscs) when grown in the dry
environment. This difference diminished under humid conditions Cultivars with a pigmented
testa were more resistant to grain mold, had higher frec PC content (151 micro g/ caryopses),
and had softer endosperm texture than cultivars without a pigmented testa. In cultivars
without pigmented testa, higher free PC and free PA contents especially free P~coumaric,
ferulic and caffeic acids, were observed in mold susceptible cultivars. A scatter plot of frec
PC vs. free P-coumaric acids indicated that mold susceptibility was related to higher levels of
P-coumaric acid, regardless of environment. Jambunathan et al. (1990) analysed methanol
and acidified-methanol extracts of grains harvested at different developmental stages for
flavan-4-ols and reported that the concentration of flavan-4-ols in mold-resistant grains were
at least 2-fold higher than in mold-susceptible grains in both cxtract at or afier 30 days
flowering (DAF). Concentration of flavan-4-ols in mature grains could, therefore, be an
indicator of their potential resistance or susceptibility to grain mold, and this method could
be an important too! in screening sorghum cultivars for such characteristics.

Jambunathan and Kherdekar (1991) reported that methanol and acidified
methanol extract of leaves of mold resistant accessions contained at least 3-fold higher
concentrations of flavan-4-ols than susceptible accessions at 56,63 and 70 DAF. The
concentration of flavan-4-ols was monitored in the flag lcaves of mold resistant accession
that had no testa at 77,84 91 and 98 DAF, and it decreased sharply at or afier 70 DAF. The
estimation of concentration of flavan-4-ols in sorghum leaves, therefore offer scope for
screening sorghum accessions for their grain mold resistance. Jambunathan et al. (1991)
reported that ergosterol concentration increased with increasing DAF in the mold susceptible
accessions and was 10-fold higher in grains collected at 50 DAF than in the corresponding
mold-resistant accessions. It is suggested that crgosterol concentration could be used to
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assess the magnitude of mold damage in sorghum grains. The correlation coefficient between
ergosterol and flavan-4-ols concentration was significant (P < 0.01) and negative in colored
mold-susceptible and mold-resistant accessions that did not have testa, but no significant
comelation was observed in white mold resistant and mold-susceptible sorghum. It was
concluded that there could be another genetic factor or mechanism besides flavan-4-ols

d with mold resistance in white grained sorghums. Mukuru (1992) reported mold

resistance in the white-grained types was associated with grain hardness, while that of brown-
grained types was associated with cither high-tannin or flavan-4-ols or grain hardness. and
also reported that flavan-4-ols is not produced in white-grained types, cither mold-resistant or
mold-susceptible.

Resistant cultivars respond more quickly than the susceptible cultivars to fungal
invasion via increased levels of phenolic compounds in glume tissues.  Extensive
deterioration does not occur before physiological maturity because the developing grain
contains 3 to 10 times the level of specific phenolic compounds of mature grain. In sorghum
grown under wet conditions, grain of resistant cultivars contains lower levels of free phenolic
compounds at maturity compared with grain of susceptible cultivars, hence phenolic
compounds content in grain is a predictor of the sorghum cultivars level of resistance to grain
molding Waniska et al. (1992). Martinez et al. (1994) cvaluated 9 sorghum cultivars for
resistance to F. moniliforme (G. fujikuroi] in field experiment in Argentina. Three cultivars
(SC-630-11E, MF-5107 an MF-5097) werc resistant; thesc cultivars had a higher
concentration of flavan-4-ols than the white pericarp cultivars (BTX623, ICSB-34, BArg 34
and Bvar) and less tannin than the control brown pericarp cultivars (B-1509 and MF-5194).
Melakeberhan et al. (1996) evaluated 10 sorghum genotypes with differences in phenolic
compound concentration and grain mold resistant over threc crop seasons (1989, 1990 and
1992) to assess changes in phenolic compounds during seed development and how these
changes influence grain molding. Flavan-4-ols concentration were high and similar for both
the mold resistant and mold-susceptible genotypes at early stages of sced development. In
susceptible genotypes, the flavan-4-ols concentration dropped by 67% between third and last
sampling dates compared with a 20% decline for the resistant genotypes in the same period.
The results also showed that highest incidence of seed infection by fungi occurred between 25
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and 35 days after anthesis. Alternaria, Fusarium (cspecially F. moniliforme) Cladosporium,

and Epicoccum species were the major fungi isolated from the seeds. Menkir e af. (1996)

identified sorghum accessions with high level of grain mold resistance, originating from
diverse geographical areas and belonging to different botanical races. Resistance to grain
mold in thesc sorghums was strongly associated with high concentration of phenolic
compounds (apigeninidin, flavan-4-ols and tannin), kemel hardness and pericarp color. Each
of these kemel propertics contributed to grain mold resistance differently in white, red and
brown pericarp sorghum accessions, respectively.

2.14 Presence of testa layer and resistance to grain mold

Ellis (1972) studied the morphological characters indicating grain mold resistance and
reported that pigmented testa was the most influential sced characteristic affecting weathering
resistance in the field. Furthermore, within a given genctic background and when the
pigmented testa was absent, lines with red or lemon yellow were more resistant than lines
with white pericarp to grain mold. The ability of pigmented testa to resist grain mold
development is attributed to its high tannin content.

Maxson et al. (1972) described the level of tannins and their effect on
nutritional value as related to the presence or absence of the testa and spreader in sorghum.
Cummings and Axtell (1973) proposed a scheme to classify sorghum in groups L1I and III
based on chemical analysis and redefined by Price and Butler (1977). Group I does not have
testa, group II has a testa (B1-B2-SS), and group III has a testa and spreader (B1-B2-S-).
Harris and Buns (1973) and Murty (1975) reported that brown seed with high tannin content
and the p. of pigmented testa are resistant to field deterioration. Glueck and Rooney

(1980) identified that sorghum lines high in tannin content and having testa layer were more
resistant 1o grain mold fungi. The presence or absence of testa layer is controlled by the Bl
and B2 genes. When the complementary Bl and B2 genes arc dominant (B1-B2-), testa
pigmentation is present and when cither or both genes are homozygous reccssive (By-bybs,
byby By-, or bybybsby), pigmented testa is controlled by another gene (Tp) in which brown is
dominant to purple. The spreader gene (S) allows the brown colour of pigmented testa to be
present in epicarp (S-).
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Bandyopadhyay (1986) pointed out that IS-14384 has no tesia and no tannin and
is promising against grain mold (ICRISAT, 1986). Cultivars with red pericarp (with or
without a pigmented testa) containing significant level of flavan-4-ols exhibit resistance to
weathering (Jambunathan et al., 1986; Mukury, 1992).

Jimnez and Valleja (1986) reported that tolerant entrics to C. [lunata were those
which had a pigmented testa and floury endosperm. In the presence of testa, texture was not

an important trait but in the abscnce of testa cor or floury perm showed

maximum tolerance than those with intermediate texture. Waniska er al. (1989) reported
that, PC and PA were quantified in mature caryopses of sorghum grown in wet or dry
environments. Seventeen cultivars varying in pericarp color and presence of a pigmented
testa cxhibited different degree of resistance to molding in the wet environment. Mansuctus
(1990) corrclated mold incidence with the presence of testa. Eighty percent of the selection
were brown grained with testa and with TGMR of 2 or less. Twelve percent were red or
white without testa and TGMR of 3 or less indicating the importance of testa in imparting
grain mold resistance (Stenhouse et al., 1990). The effect of both pigmented testa and a red
pericarp were additive, mesocarp thickness did not play significant rolc in grain mold
resistance.

2.15 Artificial inoculation of sorghum with fungi at different stages of grain
development

Castor (1977) inoculated . moniliforme, I. semitectum, C. lunata C. protruberata, Alternaria
spp. and Helminthosporium spp. at various times after flowering. The Fusarium and
Curvularia isolates were the principal pathogens causing discoloration and reduction in secd
viability. Seeds from the heads inoculated with Fusarium at flowering had the highest
proportion of split pericarps. Rao and Williams (1977) reported high levels of grain mold in
sorghum, when heads inoculated at anthesis with conidial and mycelial suspensions of £.
moniliforme, F. semitectum and C. lunata. Castor and Frederiksen (1980) reported that

inoculation (2.2x10° conidia/ml) at anthesis or within 2 to 3 days of anthesis resulted in
greatest damage, suggesting that floral tissucs (glumes, stigmas, styles ctc.) are most
susceptible at flowering and becomes less susceptible thereafter. They inoculated sorghum
tines with C. Junata at anthesis and noticed that infection occurs in glumes, lemma, palea and



Todicules in 5 days after anthesis. Colonization of pedicel tissues resulted in kemel abortion or
in reduced kemel filling. Narayana and Prasad (1982) inoculated F. moniliforme and C.
lunata singly and in combination in equal proportion at preflowering and post flowering
periods. F. moniliforme was observed to be more infective at flowering and C. lunata at soft
dough stage. Combine inoculation was more effective from anthesis to dough stage.
Deshpande et al. (1985) noticed that artificial inoculation with C. Junata not only reduced
seed germination and seedling vigour index but increased abnormal secd germination than
with Fusarium. Bandyopadhyay and Mughogho (1988a) inoculated F. moniliforme, F.
pallidoroseum and C. lunata on flowering panicles of six genotypes which were watered with
sprinkler on the days of no rainfall from flowering to grain maturity and harvest. They
reported that TGMR of susceptible and resistant genotypes were significantly greater and
germination of susceptible genotypes lower in plot with sprinkler imigation than in plot
recciving only rainfall.

Singh et al. (1993) inoculated with a mixed spore suspension of ¥ moniliforme,
F. pallidoroseum and C. lunata at 50% anthesis on 14 accessions. CGenotypes IS 7173, IS
23773, IS 23783 and IS 34219 were completely resistant to mold upto S5 days after
. ) (T5-7326 T5-4943, 15 - $324, I5-4o1/, T5-5292 omd 3s-13K|)
inoculation and a further six kdcvcloped moderate to low mold growth.

Somani (1992) inoculated F.momliforme and C. lunata at 10, 20,30 and 40 DAF
and observed that if the infection takes place at flowering, no grain development takes place
and germination  increases lincarly with the advancement of grain development. A
moniliforme infection is usually at or carlicr to soft dough stage where as that of C. lunata is
from dough stage onwards.

.16 Histopathology of infection by molding fungi
Mathur, ef al. (1975) noticed embryonic infection by F. moniliforme and F. semitectum. 'They
could locate deep seated infection of Alternaria tenuis, C. lunata and Drechslera sorghicola.

Castor (1977) observed that the scutellum was ofien partially degraded in seed
from Fusarium inoculated heads and suggested that the fungus could destroy the embryo
indircctly by interfering with translocation from the endosperm to the embryo during
germination. All the grain from susceptible Fusarium - inoculated heads contained Fusarium
in the endosperm and 78% of grain from Curvularia - inoculated heads had that fungus in the



endosperm. Rao and Williams (1977) noticed that inoculations at anthesis or within 2-3 days
of anthesis resulted in invasion in greatest tissues. That indicates that floral tissucs (Glumes,
stigmas style etc.) are most susceptible at flowering and becomes less susceptible there after.
Abdullah and Dadhum (1978) observed embryonic infection by Aspergillus fumigatus and
Gibberella fujikuroi in sorghum. Castor and Frederiksen (1980) compared seeds from heads
moculated with F. moniliforme , F. semitectum and C. lunata and observed that F
semitectum produced minimum discoloration and no degradation of endosperm and germ
tissues. C. funata resulted in partial degradation of the endosperm and appeared to progress
slowly inward from the pericarp. F. moniliforme appeared to colonize the region where hilum,
scutellum and endosperm fuses. They also reported that there are some evidences suggesting
that F. moniliforme growth over the kemel surface occurs after complete colonization of the
endosperm tissues. K. moniliforme was found initially beneath the glume, around the germ
and hilum where as Curvularia produced mold on portions of the seed not covered by glumes.
Blakely and Castor (1979) reported that fungi enter through hylar and stylar ends and they
further stated that the cmbryo region which is under the hylar arcas was damaged the most
implying that the hylar area is the most readily accessible to fungi. Castor (1979) isolated
fungi from different grain components and noticed that embryo contain less fungi than any
other tissue.

Castor (1981) studied histopathology of grain mold and provided that infection
take place by relatively few species of fungi during anthesis. Also a number of different
tissues appear to be involved in resistance to colonization. Since the infection takes place at
such an carly stage the presence of a testa probably has little effect on initial colonization.
Mesocarp provide an ideal environment for early colunization. Spikelet tissues, including
sterile lemma, palea, lodicules, anthers, and filaments are sites of infection at anthesis with C.
lunata and F. moniliforme. The ovary which develops into kemnel, is not colonized until it
expands between $ and 10 days after anthesis. Forbes (1986) and Bandyopadhyay (1986)
noticed initial infection by F. moniliforme on a susceptible cultivar at the apical end on
spikelet tissues; lemma, palea, glumes, filaments and senescing styles. Fungus mycelium
advances basipetally, cither by colonizing spikelet tissues or by growing in voids between
these tissue. Early colonization of glumes (3-4 days following inoculation) was found to be
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wvery heavy and caused little cellular disruption or pigmentation in the host. Within 5 days of
inoculation, mycelium can be scen in all parts of spikelets, with the denser growth around the
ovary base. Lodicules appears to be scvere as an important source and always surrounded by
dense fungal growth, but extensive colonization of lodicule tissue per se has been questioned.

In the next stages of invasion, a dense mycelial mat progresses acropetally between the
aleurone layer and the pericarp.  Subsequent invasion of the endosperm, embryonic tissues
and pericarp originates from this peripheral mat.  When cnvironmental conditions are
favourable, mycelial growth pushes through the pericarp, producting a white or pink fungal
mass which can completely cover the grain.

Infection by C. lunata differs from that of ¥ moniliforme, C. lunata can infect
the apical part of the ovary wall from the colonized lemma, palea, lodicules, filaments, pollen
grains and decaying styles, within 5-10 days mycelium penetrates the pericarp and ramifics
through the cross and tube cells. Colonization does not usually continue dircctly into the
endosperm, but rather through the placental sac, which can also lead to invasion of the
embryo. Gopinath ef al. (1987) noticed 43% embryonic infection of /. moniliforme , while /.

semitectum and F. solani colonized the embryonic tissuc in 8 and 5% sced, respectiv-¢ly.

Singh et al. (1988) could detect infection by /. moniliforme and C. lunata after
anthesis, while that of Phoma sorghina, 8 DAA. Singh and Agarwal (1989) detected C. Junata
and /. moniliforme infection in embryonic tissue and Phoma sorghina in the aleurone layer
only.

Deshmukh and Raut (1993) microscopically examined the seeds infected by C.
lunata (Cocliobolus lunatus ) showed a clear distribution of pathogen in pericarp, seed-coat,
aleurone layer, endosperm and embryo. The scutellum showed heavy colonization by
mycelium and mycelia were also present in coleoptile, coleorrhiza, and embryonic axis.

2.17 Inheritance/Genetics of resistance

The grain mold problem is so complex that it is almost certain that grain mold resistance is the
results of the additive effects of many genes affecting several plant characteristics (Murty et
al, 1980). Rana ef al. (1978) found that water absorption capacity and seed hardness, two
factors that have an effect on susceptibility arc governed by additive genes. Glueck and
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Rooncey (1980) reported the inheritance of festa is controlled by complementary B, and B,
testa genes. Dabholkar and Baghel (1980) made 7+7 diallel cross amongst sorghum lincs
resistant and susceptible to grain mold caused by Curvularia and obscrved both gea and sca
components of variance were significant for reaction to grain mold. However, gea was larger
in magnitude suggesting predominance of additive genetic variance. Dabholkar and Baghel
(1982) reported additive gene action to be predominant in the inheritance of tannins in grain.
Dabholkar and Baghel (1983) crossed two varicties of sorghum highly susceptible to grain
mold, two moderately resistance and three less susceptible in a diallel fashion cxcluding
reciprocals.  Grain mold was deweloped by artificially inoculating carhead with spore
suspension of C. Junata. Both additive and non-additive genctic components of variance

determined the expression of mold reaction. Genes for resistance were recessive to genes for

susceptibility. SPV-29 and 2219 B appeared to posses genes for istance.
Narayana and Prasad (1983) studied a diallel sct of crosses involving resistant and
susceptible lines to mold for heterosis, combining ability and genetic variation. Additive gene
action was found to be predominant in the inheritance of Fusarium molds.

Kataria et al. (1990) studied mode of resistance to grain molds, largely causcd by
C. lunata (Cochliobolus lunatus) and K. momliforme (Gibberella fujikuroi) in Fy, ¥, and
backcross generations from 3 crosses involving 2 resistant and 2 susceptible lines. Analysis
of the results indicated that additive effects were significant in all crosses except 18402 x IS

10892, but were gencrally smaller in magnitude than the dominance effects. Duplicate type

interaction were also important in most crosses.
Escle e al. (1993) used four parental cultivars with distinct characteristics and
gene markers for caryopsis traits as a base population to generate Fy, I, and BC; populations.

These lations were evaluated for resi to grain mold.  The presence of pigmented

Pop

testa (By-By-), a red pericarp (R-Y-) a thin mesocarp (Z-) and an intensificr gene (I-) were all
dominantly inherited. A pigmented testa was the single most important trait conferring grain
mold resistance. The cffect of red pericarp was enhanced by the presence of the intensifier
gene.  The cffect of both a pigmented testa and a red pericarp were additive. Mesocarp
thickness did not nlay a significant role in grain mold resistance. Shivariz‘l etal.  (1994)

indicated that the genetic constitution of the susceptible genotypes is identical, while the
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resistant genotypes differ in their genctic constitution. Inheritance of grain mold resistance
was govemned by 4 independently scgregating genes, 2 with complementary interactions and
the other 2 with additive interactions. Ghorade (1995) reported predominant additive gene
action for characters like 100 sced weight, hardness, grain density, water absorption rate,
conductivity of grain leachate, germination, fungal load of Fusarium spp., Curvularia spp.
and other mold spp. in F, and F; diallel progenies.

2.18 Heterosis

Hybrid vigour was first noticed by Kolreuter (1763) in the interspecics crosses of Nicotiana
and was studied thereafter by numerous workers. The first clear approach to the concept of
heterosis was made by Shull (1994) and he coined the term “Heterosis” to denote the
increased vigour, size, fruit fullness, speed of development, resistance to discase and insect-
pests or to the climatic adversities. Heterosis (Hy) is expressed over the mid parent value and
heterobeltiosis (H,) is expressed over the superior parents.  Heterosis could also serve more
practical purpose in providing the breeders a mean of increasing discase resistance in
resistance breeding programs,

The terms “heterosis” and “hybrid vigour™ are synonymous and it has been
suggested by Whaley (1952) that a more precise usage would be to term the superiority of the
hybrids as hybrid vigour and to refer the mechanisms by which the superiority is developed as
heterosis. Heterosis is the genetic expression of the beneficial effects of hydridization. The
presence of heterosis in sorghum has been reported by many workers (A gbzkar and Chavan,
1957, Quinby, 1963; Kambal and Webster, 1966; Rao, 1970a; Tripathi et al.1976; Goyal and
Joshi, 1976; Laosuwan and Atkins, 1977).

Giriraj and Goud (1981) studied the dialle! analysis of cight varictics and reported
heterosis to the extent of 28.08% for total plant height. Saradaman (1981) studied the
heterosis and found that, in general, all hybrids showed heterosis for plant height and panicle
length.

Kanaka (1982) found that heterosis for grain yield ranged from -11.36 to 74.72%
and 1000 grain weight from -16.47 t0 69.25%.



3

Kulkarni and Shinde (1983) studied the F generation of seven variery diallel of
sorghum and heterosis was found to be very high (65.5%) for grain yicld, high for plant
height (40.4%) and low for days to 50% bloom (8.0%). Swamlata and Rana (1988) studied
six newly developed ms lines and crossed with few reslor%' and they reported that heterosis
over ms line varied from 109 to 147% for yield characters. Over restorers, heterosis was 84%
for grain yicld and 12% for biological yicld.

Ghorade (1995) studied 11x11 diallel cross excluding reciprocals and observed
highest estimates of percentage of heterobeltiosis upto 10.38% for days to 50 %
flowering, 64.70% for plant weight, -41.02% for glume coverage, 19.61% for 100 grain
weight, 6.29% for grain hardness, 2.76% for germination, -5.44% for conductivity of grain
leachates, -5.69% for fungal load of Fusarium spp., -12.88% for Curuvularia spp. and -8.91
for other fungal spp.

2.19 Combining ability

Combining ability can be defined as the relative ability of a biotype to transmit desirable
performance 10 its crosscs. It provides a means of understanding the nature of gene action in
yicld heterosis and is desirable tool to study and compare the performance of a linc in hybrid
combinations.

According to Spraguc and Tatum (1942) the general combining ability denotes
the average performance of line in a hybrid combination, while specific combining ability
designates those cases in which certain combinations do relatively better or worst than would
be expected on the basis of average performance of the lines involved. Srihari and Nagur
(1980) observed that the variance duc to gencral combining ability (gca) and specific
combining ability (sca) were almost equal with respect to the character like grain weight of
car indicating the presence of both additive and non additive genctic variance of this
character. Highest heterosis (121.34%) has been shown by combination (Swarna x S-3541)
associated with highest sca effects (26.38) cven though its parents recorded low gea effects
for grain weight of ear, indicating that non additive gene action is operating predominantly for
expression of this character. Sanghi and Monapora (1981) observed predominance of non
additive gene action for plant height. Bijapurc ef al. (1980) observed very high gea under
rainfed condition. Indi and Goud (1981) found predominance of additive genetic effects for
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plant height and dominance cffects predominated for most of the traits. Similarly, over
dominance was observed for grain yicld and panicle weight Patidar and Dabholkar (1981)
found influence of additive gene effects in inheritance of 1000 seed weight and grain yield in
sorghum.  However, sca cffects were significant for grain yicld and number of grains/car,

Borikar and Bhale (1982) reported more pronounced cstimates of sca variances
for all characters indicating the preponderance of non additive gene action for yield and yield
components. The gca was also considerable for days to flowering and plant height. Kanaka
(1982) observed predominance of additive gene action for plant height. He also reported
additive and non additive gene actions for days to 50% flowering and panicle length. Karale
et al. (1984) recorded highly significant gea and sca values for all the characters in Kharif and
Rabi scasons. 'The gea values were of higher magnitudes than sca variances for days to
flowering, plant height, panicle length and 1000 seed weight indicating the importance of
additive and additive x additive gene action.

Palaniswamy and Subramanian (1986) reported additive gene action for plant
height, grain yicld, whercas, non additive gene action for days to bloom and peduncle length.
Patil and Thombre (1986) reported the characters plant height, days to 50% flowering, 1000
seed weight under the control of additive gene effects while panicle weight and grain yicld
under non additive gene action.  Chandrashekharappa (1987) reported predominance of
additive gene action for plant height, days to 50% flowering (DTF) while non additive gene
action for 1000 seed weight. Nimbalkar and Bapat (1987) noticed additive and non additive
gene action for DTF and plant height. Shekar ef al. (1987) recorded 1000 grain weight, days
fo 50% flowering and plant height predominantly under the control of additive whercas grain
yield under non additive gene action. Hugar et al. (1988) reported non additive gene action
more important for DTF, plant height, grain yield and 1000 grain weight. Patil (1990)
reported that the sca effects were more stable than gea for grain yield and 1000 sced weight.
Amsalu and Bapat (1990) recorded the additive gene action for DTF.
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It is a known fact that some plant and grain characters are associated with yield and grain
deterioration. If the iation is d, it is possible to select plants based on yield and

gnain mold resistance traits. Several workers have found out the characters association in
sorghum. Hardness and density comrelated inversely with milling yicld, and the endosperm
toxturc was negatively correlated with hardness, test weight and kernel density (Maxson et
al, 1971). Gangadharan et al. (1978) reported a highly significant corrclation between the
per cent of mold grain in car head and rainfall. Patel et al. (1980) observed positive
significant correlation between DTF with 1000 seed weight.  Similar results were found by
Patil and Thombre (1985). They also observed that the plant height and DTF expressed
positive strong correlation. However, Reddy and Nagur (1981) ded negative correlati
The percentage for kemel floating was corrlated with percentage vitreousness, grain
hardness determined as a work required for grinding, breaking strength at individual kernel
(Hallgren and Murty, 1983). Mansuctus ef /. (1988) observed that discase incidence was
negatively associated with glume cover, glume length and glume arca at boot stage.

Forbes et al. (1989) reported highly significant correlation (r:=0.94) amongst
two cstimates of severity (Ergosterol concentration and colony forming units of F.
moniliforme). Also reported colony forming units of . moniliforme was positively associated

with electrolyte leachate (r=0.98), visual assessment as percentage of kemels moldy (r=0.93),

negative associated with percent germination (r=-0.98) and negative association between
electrolyte leachate and percentage germination (r=-0.95). Indira et al. (1991) reported high
correlation (r=0.88) between September rainfall and mean disease score at four locations.
Jambunathan et al. (1991) reported significant (P<0.01) correlation coefficient bet

ergosterol and flavan-4-ols ion and negative in coloured mold-susceptible and
mold-resistant accessions that did not have testa, but no significant correlation in white mold-
resistant and mold susceptible sorghum. Jambunathan er al. (1992) reported negative
correlation with ergosterol jon and grain hardness (Stenvert method). Mukuru
(1992) reported significant correlation (r=-0.66, P = 0.01) between flavan-4-ols and mold
fesistance.  Ghorade (1995) reported that grain hardness cxhibited significant positive
Mimion with grain density, germination, grain yield, 100 seed weight, and negative
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association with water absorption rate and fungal load of all types of fungi. Also reported that
germination exhibited positive significant association with 100 grain weight, grain hardness,
grain density and negative significant association with conductivity of grain Ieachate, water
absorption rate and all three types of fungal load.
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CHAPTER 11
MATERIALS AND METHODS

3.1 Materials

The cxperimental materials comprised of 10 parental lines of sorghum (Sorghum
Bicolor (L.) Moench) with different characteristic viz, good grain quality, carliness,
adaptation, yicld, varying mold reactions, presence of testa, mesocarp thickness and
grain hardness. These included three resistant (1S-2284, [S-6335 and IS-9471);
five moderately resistant clite (SPV-946, SPV-1201, SRT-26B, GJ-35-15-15 and
ICSB-101 B), and two susceptible (SPV-104 and AKms-14B) lines. The pedigree and

characteristics of these lines are summarised below:

Charactenstics
Seed
PL ht hardness
Line Pedigree DTF cm  TGMR Testa kg/em®  Source

8PV-1201  PVK-4Q0x[S-3443-12 B 244 30 A 867 DrPDKV
ICSB-101B  (Ind.Syn.89-1xRS/R 167 30 A 694 ICRISAT

; 20-682)-5-1-3
Akms-14B (MR-807xBTX-678) o 140 45 A 6.95 Dr.PDKV
«AKms-2B
'SRT-26B (M-211xICSB-27) 0 179 30 A 6.56 DrPDKV
GJ-35-15-15 (2077AxM-25)x B 237 30 A 811 Dr.PDKV
g Marvan
8PV-946 (SPV-475xSPV-462) 77 264 30 A 725 Dr.PDKV
'$PV-104  (SPV-148xSPV-512) 80 179 45 A 608  DrLPDKV
15-2284 (Haak Doom) Q-2-2-37 70 283 20 P 591 ICRISAT
‘:?-6335 (purbi gooseneck banwar) 66 255 20 P 6.68 ICRISAT
P 6.10 ICRISAT

\is-sm (South Affica) 286 20
'A = gbsent, P = present.
G

i
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3.2. Methods

3.2.1 Location

The cxperiments were conducted at two locations viz, Sorghum R ch Unit, Dr.
PDKV, Akola, latitude 20° 42' N and longitude 77° 02" E with an altitude of 281 m,
oil vertisol medium to deep black and ICRISAT, Patancheru. latitude 17°32' N and
longitude 78° 16’ E with and altitude of 545 m soil-vertisol medium to deep black, 26
km northwest of Hyderabad.

3.2.2 Predisposition

The meteorological data on precipitation number of rainy days, relative humidity and

temperature during rainy season 1995, 1996, were collected from Sorghum R h
Unit, Dr. PDKV, Akola (Table 1). Since testing at ICRISAT was donc under
controlled conditions, the meteorological data were  been considered Data from
23" meteorological week to 45 meteorological week the period from flowering to
maturity of sorghum crop at both the centres was taken in to consideration
3.2.3 Experimental layout
The experiments were conducted in a completely randomized block design with two
replications. Fifty-five treatments (45 test crosses + 10 parents) were included in the
experiment. The plot size was double row 3-m long, with row spaced at 45 cm and
plants at 10 cm. The trial was sown on 27" June 1995 at Akola and harvested on 26"
October 1995.

The experiment  was repeated at Akola during the rainy scason, 1996. It
was sown on 22% July and harvested on 20 November.

The experiment was also conducted at ICRISAT during the rainy scason
1996. It was sown on 17® Junc and harvested on 21 Oct. The plot size was at double
row 4 m long, row spaced at 75 cm and plants within row at 10 cm. At this location
overhead sprinkler irrigation was provided from the onset of flowering to grain
maturity ic. black layer formation, to harvest about 2 week after physiological
maturity. The plots were sprinkled for 1 hr in the moming if it did not rain the
previous night and the same moming and for an additional 1 hr in the evening if it did
‘Bt rain throughout day. Experimental field with sprinkler irrigation and aerial view of
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the experimental ficld at Patancheru (Plate 1). The sceds of all these trials were used
for studying physical, pathological and biochemical characters.

3.2.4 Data recording

Five plants were randomly selected from each replication of a treatment  for recording
data in F, crosses and parents. Fifteen plants were randomly selected per replication
in cach treatment for recording data in F; progenies. Data were recorded on
agronomic traits, physical, pathological and biochemical characters. All above
characteristics of the kemel of parents and crosses obtained from 1995 trial at Akola
and 1996 trials at both locations, whereas, biochemical characteristics could only be
studied for 1995 harvest at Akola.  All characters were studicd using 10 x 10 diallel
analysis, except protein fractions, grain color, glume color pre-treatment of seed and
presence of testa.

3.2.4.1 100-seed weight

Hundred kemels weight (g) of each line under various experiments was always
recorded after compositing the threshed grain and sun-drying to about 12% moisture,
using ‘ADCO’ precision clectronic balance (model AD 200 C) unless specifically
mentioned otherwise. All the values reported are means of two observations.

3.2.4.2 Grain hardness

A manually operated ‘Kiya’ hardness tester (Kiya Seisakusho Ltd., Japan) with bar-
type probe (0.5 cm diameter) was used with a maximum permissible load of 20 kg for
the determination of hardness of single grain.

Grains werce equilibrated to a moisture content 6.5 + 1.0% before
hardness determination was made. Twenty randomly selected grains from cach
replications were tested for hardness, mean was calculated and expressed in kg/cm”.
3.2.4.3 Endosperm texture
Endosperm texture was determined by visual examination of longitudinal cut half
kemnels. The rating ranged from 1 to 5 (1=0-20% almost completely comeous and 5 =
81-100% floury). Ten seeds were soaked in water overnight and were cut into two
halves to the long axis from the hilar region and endosperm texture was determined



Plate 1 : Experimental field at Patancheru
A. Sprinkler irrigation

B. Acrival view of experimental field




B. Aerial view of experimental field
Plate 1.Experimental field at Patancheru
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using hand lens. The observations were recorded for cach replication and mean was
cakeulated.
3.2.4.4 Electrical conductivity of grain leachates
Electrical conductivity of grain leachates was measured using the method of
Hendricks and Taylorson (1976) with some modification. Threc g seed sample of
each line were washed twice with glass distilled water (gdw) and placed in clean
‘Coming', glass test tubes and 12 ml of gdw was dispensed to cach tube.  After four
br of soaking at 25°C the supematants werc used for measuring the clectrical
conductivity scparately. ‘YSI model 32' conductance meter of scientific division,
Yellow Spring Instrument Co. INC., was used. The clectrical conductivity was
expressed in dSm. The test was run twice.
3.2.4.5 Day’s to 50% flowering
The number of days required for flowering of 50% of the plants in a plot from the date
of sowing was recorded.
3.2.4.6 Plant height
Plant height (cm) was measured from the ground to the tip of car head at physiological
maturity.
3.2.4.7 Cob length
Cob length (cm) was measured from base to the tip of ear head.
3.2.4.8 Glume (grain) covering
Observation on grain covering i.c. amount of grain covered by the glume for all the
lines under study were recorded. The characters were described as follows and shown
in (Plate 2A):

1=0 % grain covered

2=25% grain covered

3=50% grain covered

4=75% grain covered

5=Grain fully covered

6=Glume longer than grain.



Plate 2 : A. Glume covering

0% grain covering
25% grain covering
50% grain covering
75% grain covering
100% grain covering

> 100% grain covering

C VWi~

Plate 2 : B. lnfected earheads

1 F. moniliforme
2. I pallidoroseum
3 (. lunara

A Phoma sorghina

Plate 2 : C. Infected seeds
1. 1. moniliforme
2.} pallidoroseum

3 . lunata

Plate 2 : D. Glume color




Clome votor

Prspte

Plate 2. Glume covering. infected carhead, infected seed and glume color



3.2.4.9 Pericarp (Mesocarp)

Kemels were soaked in sterile water for 16 hr. The kemels were then removed and
surfaces blot-dried. Free hand sections along the short axis with a new razor blade
were taken. The sections of each line were sclected and placed on clean glass slide
separatcly. Two drop of stain (Mac Grunwald's) used by Scheuring and Rooncy
(1979) were placed over the sections. After 1 min, when the stain was evaporated the
slide was held in slanting position and few drop of ethyl alcohol (95%) were added
with the help of dropper for removing excess stain.  After the cvaporation of cthyl
alcohol, the sections were mounted in glycerol with coverslip.

‘Filar micrometer' was calibrated using slidc micrometer. Secctions
were observed under low power (10 x objectives and 15 x Filar micrometer) and with
help of screw drum, measurement of thickness, in micrometer (um) of the pericarps
were taken and the average of five observations was recorded. Observations for the
presence of testa layer (dark brown'red layer adjacent to aleuronc layer) were also
recorded to confirm the results of bleach test.
3.2.4.10 Threshed grain mold rating (TGMR)

Panicles were harvested 14 days after physiological maturity, threshed and bulked was
evaluated for grain mold severity. This is an estimate of the percentage of molded
grain surface arca and was recorded on a 1-5 scale, where :

1= no mold visible on grain surface,

2= scant superficial mold growth and 1-10% grain surface covered by mold,

3= moderate mold growth and 11-25% of grain surface molded,

4= considerable mold growth and 26-50% of grain surface molded, and

§= extensive mold growth and >50% grain surface molded.

3.2.4.11 Seed germination

The Ragdoll's (rolled paper towel) method (ISTA, 1966) and standard blotter plate
method of (ISTA, 1976) were used for germination studies. In rolled paper towel, 100
seeds were placed at equidistant on two layers of moist paper towel (48x25 cm; 55-58
sheetkg). Seeded paper towel were incubated for 10 days at room temperature (i.c.
27°C + 2°C). The rolled paper were then unrolled after removing rubber bands gently
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upper cover paper was removed and germinated seeds was counted.  Unless otherwise
mentioncd the test was based on 400 seeds/ genotypes.

In standard blotter plate method grain germination was determined by
incubating 100 grains from each genotypes in nine cm diameter Petri-plates (25 grains
per dish) lined with wet filter paper for four days at 27°C + 2.
3.2.4.12 Detection of grain mold fungl
To detect sced borne mycoflora, standard blotter plate method (SBM) of ISTA (1976)
was uscd throughout the study. Twenty five sceds of each line was placed at
equidistant on sterile three layer blotting paper discs presoaked in sterile water in cach
plate. The seeded plates were kept for incubation at 27°C + 2°C under diumal cyclc for
seven days. Fungi on incubated sceds were detected by stereoscopic binocular
‘microscope with side illumination system. Research microscope was used for detailed
obscrvations specics were identificd by comparing the descriptions given in IMI
description plates of fungi and bacteria and from book “Dematiaccous hyphomycetes”
by Ellis (1971). Infected carhcad and seeds by different mold fungi are shown in (Plate
2B and C).

Observations on colony count of Fusarium moniliforme, Fusarium
pallidoroseum and Curvularia lunata scparately and for other fungi were recorded in
each plate on germinated and ungerminated seeds. The infection score were recorded
on a 1-5 scale where:

1= no infection

2= up to 10% seed covered by fungal colony.

3= up to 25% seed covered by fungal colony

4= up to 50% seed covered by fungal colony.

5= 50 % seed covered by fungal colony.
3.2.5 Biochemical characters
3.2.5.1 Proteins and protein fractions
Fifty five grain samples (10 parents and 45 F,) grown during rainy scason 1995 at
Akola were used in the study. The grain samples were dried at 37°C for 48 hr and
ground in Udy cyclone mill (UD Corporation, Boulder, Co.) to pass through a 0.4 mm



The meal was defatted in Soxhlet apparatus, using n-hexane and used for
further analysis, All values reported are means of duplicate analysis.
3.2.5.1.1 Protein
The total nitrogen in the meal was determined by using Technicon auto analyser
(TAA) described by Singh and Jambunathan (1980), which involves the conversion of
organic nitrogen into ammonia by digesting the sample with sulphuric acid using
block digestor (BD 40). Ammonical nitrogen reacts with sodium phenate in the
presence of sodium hypochlorite to form indo-phenol bluc complex. This color
complex is measured at 660 nm.
Reagents :-
Acld mixture. Five parts (v/v) orthophosporic acid in 100 parts of sulphuric acid .
Kjel tabs auto. Each tablet contains 1.5 g K;S0, and 7.5 mg sclenium.
Alkaline sodium potassium tartrate. Dissolve 75 g sodium hydroxide and  50g
sodium potassium tartrate in about 900ml distilled water, cool dilute to 11.
Alkallne phenol. Mixed 138 ml of phenol (88%) with S00ml of SN NaOH in an ice
bath ; dilute to 11 with distilled water .
Sodlum hypochlorite (NaOCI). Dilute, if necessary, commercially available bleach
to get 5% NaOCl .
Ammonium sulphate standards. Dissolve 4.717g oven dried ammonium sulphate in
1000 mi distilled water (1000 ppm N stock solution). Take stock solution to give
10,20,30,40 and 50 ppm N into a 1000 ml volumetric flask and dilutc to 11 by adding
4% sulphuric acid.

One hundred mg defatted flour was transferred to a Technicon
digestion tube (75ml). In cach st of 40 tubes one blank, one check, two random
samples sclected from preceding set, and 36 regular (unknown) samples were taken
and 3 ml of acid mixture and 1 Kjel tab to each tube were added. Then the set was
beated in Block digestor at 375°C, and maintained for 1 to 1.5 hr for digestion, digest
were cooled and dissolved with minimum amount of water. Volume was made up to
75 ml, and the solution was mixed thoroughly after putting the stopper. The aliquot
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from cach tube were transferred in to Technicon sample cup and analysed it using
TAA

Nitrogen in % was calculated by using formula

Sample peak height x 75 x100
1.8 (slope) <1000 x sample weight (mg)

No =

Where, § is the made up volume and 1.8 is the nct division on chart paper for 10 ppm
N. The crude protein was calculated by using the factor (N% x 6.25).

3.2.5.1.2 Protein fractionation

Protein fractionation of all the parents (10) and F, crosses (20) obtained at Akola
during 1995 scason was carried out. For protein fractionation, crosses were selected in
such a way that each cross had one resistant (IS-9471), one elite (SPV-946) and onc
susceptible (SPV-104) line. Landry and Moreaux (1970) method was used to obtain
fractions of protein. The residuc after fraction V was treated with 0.1 N sodium
hydroxide solution and protein soluble in the alkali was referred to as fraction VI or

residual protein. The detailed protein fractions [-VI were as follows :

Fraction  Protein class Solvent system (rcagents) Extraction time
e (min)
1 Albumin, globulin 0.5M NaCl 60,30,30
free peptide

I Prolamin 70% isopropanol 30,30

o Cross link prolamin  70% isopropanol with 0.6% 2 30,30
MEA

v Glutelinlike Borate buffer  (pH 1 30,30,15

\ Glutelin Borate buffer (pH ') 06% 30,3015,
2ME* with 0.5% SDS

Vi Residual protein 0.1 N NaOH 30,30,15

8= 2 Mercapto-cthanol b = Sodium dodecyl sulphate.



Reagents :

0.5M Nacl , Dissolve 29.2 g Sodium chloride in water and make upto 11, 70%
Isopropanel, Mix 700 ml isopropanol with 300 ml water, Isopropanol-2-mercapto-
ethanol, Mix 700 ml isopropanol and 6 mi 2-mercaptocthanol with 294 mi of water,
Borate buffer (pH '), Dissolve 6.2 g boric acid, 29.2 g sodium chloride and 6 mi 2
mercapto ethanol in water, Adjust pH to 10.0 and finally make up to 11, Detergent-
borate buffer (pH'®), Dissolve 62. g boric acid 29.2 g sodium chloride, 6 m! 2 -
mercapto cthanol and 5 g sodium dedocyl sulphate in water.  Adjust pH to 10 and
make to 1 1 with water, 0 1 N NaOH, Dissolve 4 g NaOH in water make up to 11

with water.

Extraction

o Defatted flour (1g) was put in to SO ml screw cap centrifuge tube to which 20 ml
0.5 m sodium chloride solution were added and shaken for 1 hr.  After centrifuge
at 2500 rpm for 15 min the clear supernatant were collected in to 50 ml volumetric
flask. Extraction repeated twice with 15 and 10 ml of the solvent for 30 min cach,
the aliquots were pooled and made upto 50 ml and filtered through Whatman No.1
filter paper (Fraction I). The extract were stored at 4°C.

o To the residuc 20 ml 70% isopropanol were added and shaken for 30 min, the
contents centrifuged, the extraction repeated twice of the residue with 15 and 10
ml solvent. The aliquots were pooled and made upto 50 mi and filter (Fraction II).

o Proceed similarly with the residue by using 70% isopropanol containing 0.6% ME
(Fraction III).

¢ To the residue 20 ml borate buffer were added and shaken for 30 min, the contents
centrifuged, and supemnatant collected. Re-extracted the residue twice with borate
buffer for 30 and 15 min and pooled the supernatant and volume werc made upto
50 ml with borate buffer (Fraction [V).
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e The residue were extracted with 20ml borate buffer containing 0.5% sodium
dodecy! sulphate for 30 min and re-extracted twice referred above. The extract
were pooled and volume made to 50 m! with borate buffer containing SDS
(Fraction V).

o The residue were treated with 20 ml. 0.1 N sodium hydroxide solution (Fraction

V).

Estimation :
Ten ml of fraction (I to VI) were pipetted out in to Technicon digestion tube and few
boiling chips were added to it. Onc hundred mg original flour (taken for protein
fractionation) were added into Technicon digestion tube and 3 ml concentration
sulphuric acid containing 5% orthophosphoric acid, digestion tablet containing 1.5g
potassium sulphate and 7.5 mg sclenium were added into cach tube. Both flour
sample and fractions were digested separatcly at 380°C for 1 hr. The digest were
cooled for 5 min, then dissolved it in water (minimum quantity ) and made upto 75 ml
and mixed well.

Estimated N content as given in protein. Calculated mg nitrogen N in
the 10 m! aliquét and expressed the ‘N’ at each fraction as % of the flour ‘N'.
mgNin50ml 100%

of the fraction  ~  mg N present inflour

Nitrogen in the fraction =

3.2.5.2 Soluble sugars

Soluble sugars were extracted with hot aqucous - ethyl alcohol and the sugars on
treatment with phenol sulphuric acid produces a stable and sensitive golden yellow
color (Dubois, et al., 1956).

80% ethyl alcohol (ethanol). 800 ml of cthanol in 1 I. volumetric flask and volume
was make with distilled water.
§% phenol. Dissolved 5 g phenol in water and made up to 100 ml with water.
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96% sulphuric acid (v/v). Use 96% sulphuric acid, specific gravity 1.84, diluted
according to the purity.

Glucose (w/v) standard. (Stock = 1000 mg/ 1000 ml.) Dissolved 1000 mg of glucose
in water and made up to 11.

Working standard. Pipette out 10 ml of stock standard in to a 100 ml volumetric flask
and made up volume to 100 ml (the final concentration will be 100 pg/ml)

Defatted flour (100 mg) was placed in to a boiling tube to which 30 ml of
hot 80% ethanol was added and shaken on a vortex mixture. After scttling the material
for 20-30 min, the supernatant was filtered through Whatman No. 41 filter paper in a
beaker. For complete extraction of sugars the above step was repeated for 3-4 times.
The extract was then placed on hot sand bath until the cthanol is evaporated.

Ten ml water were added to dissolve the contents and transferred in to a
100 ml volumetric flask, the contents in the beaker were washed 2-3 times and added
to volumetric flask and volume was made to 100 ml with water one ml aliquot and 1
ml water as blank were taken into (est tubes separately and 1 ml 5% phenol was added
in each tube and shaken, then 5 ml 96% sulphuric acid was added and shaken
vigorously on a vortex mixture and then test tubes were cooled in water.

The absorbance of the golden yellow were read at 490 nm against the
blank. The standard werc run with diffcrent concentration (i.e. 10,20, 30, 40 and 50
ug of glucose standard) from the working standard, keeping the volume to 1 ml with
water, added reagents 1 ml 5% phenol and 5 ml 96% sulphuric acid.

Total soluble sugar (%)=

Conc. of Absorbance 1 (Conversion 100 ml (vol.
sandard (ug)  for 1ml ofg) __make up) 100
Absorbance sample " 771,000,000 0.1g (Sample
of standard extract weight)
3.2.5.3 Tannins

Price et al. (1978) Vanillin - HCL method was used for estimating tannins. Vanillin
with tannin on acid catalyzation results in formation of an color complex which
sbsorbs maximally at 500 nm. The reaction is specific for leucoanthocyanidins and
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catechins although, anihocynidin and dihydrochiones may inicriere io some eXieni,

expressed as catechin equivalents (CE).

Reagents

o 8% hydrochloric acid in methanol (v/v). Mixed 8 ml. conc. HCL in methanol
and made upto 100 ml.

® 1% Vanillin. Dissolved 1 g vanillin (Sigma) in methanol and made upto 100 ml.

o Vanillin - Hydrochloric acid reagent. Mixed cqual volume solution 1 and
solution 2 before use.

o Hydrochloric acid in methanol (4%) (v/v). Mixed 4 ml conc. HCL in 100 ml.
methanol.

® 1% Hydrochloric acid in methanol (v/v). Mixed 1 ml conc. HCI. with 99 ml.
methanol.

o Standard solution. Stock solution, 1 mg/ml of catechin (Sigma) in methanol (0.1
ml) is equivalent to 10 pg catechin/ml). (stock solution can be stored for long time
in stopper bottles in cold ). Pipette out 0.1, 0.2, 0.4, 0.6, 0.8 and 1 ml. of catechin
standard and made up the volume to 1 ml with methanol.

Extraction

Defatted ﬂouf (0.5g) was taken in centrifuge tube to which 10 ml acid methanol (1%)

was added in cach tube and shaken for 20 min in shaker and centrifuged for 10 min

and aliquot was transferred to 20 ml volumetric flask. Again 5 ml acid methanol (1%)

was added and shaken for 20 min and centrifuged for 10 min and aliquot was added to
first extraction and the volume was made to 20 ml, and mixed well.

Estimation

One ml of extract was pipetted out in to test fubes, to which S ml freshly preparcd
Vanillin-HCL reagent was added slowly to the extract and to the catechin standard of
different concentrations. Individual samples blank were prepared by adding 5 ml of
4% HCl in methanol to 1 ml aliquot. The absorbance were read at 500 nm against
reagent blank.
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Catechin equivalent (CE) in % were calculated by using formula.

CB %= (mg catechin/ml) « Vol madeup(20ml) . 00
wvol. of extract taken (1ml) wt. of sample (500 mg)

3.2.5.4 Flavan-4-ols
The anthocyanidins arc determined by ionizing the middle ring of flavonoides by acid,
yieling a pink color. The intensity of pink color is directly proportional to the
concentration of flavan-4-ols. In case of catechin - like compounds the cyanidins are
first obtained by boiling, which consequently get ionized to give pink color.

Grain samples were extracted with hanol and the phenoli

compounds were then adsorbed in polyvinyl phyrrolidone (PVP) layers. The PVP was
subsequently cleaned and treated with acid to ionize the flavanoid ring, if any. The
results in all cases were expressed as A,,og", (Butler, 1982).

Reagents

Butanol, Hydrochloric acid, Acetic acid, 0.1 N acetic acid, Diluted 5.71 ml acetic acid
to 1 1 with water, 300 m! butanol were taken in a 500 ml separating funncl to which
150 ml water were added shaken vigorously and kept ovemight on stand. The top
layer removed (w.:ncr saturated butanol) and mixed with HC in a bottle in 70 : 30
ratio, Water saturated butanol were mixed with methanol and N/10 acetic acid in
atio70:15:15, which is to be used for sample blank, Methanol, Methanol -HCL 1% :
Mixed 1 ml concentrated HCL in methanol and make upto 100 ml with methanol.
Extraction

Defatted flour (200 mg) was taken in screw cap test tubes to which five ml methanol
was added, then tubes were placed in Staurt tube rotator (TR-2) and mixed for 1 hr.
The mix was centrifuged and the supematant was collected in a vial. The above steps
were repeated using the residuc and all the extracts was pulled in the above vial. This
is referred to as Methanol extract.
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To the above residuc five ml methanol HCL (reagent 8) was added and
above steps were repeated; again residue was re-cxtracted with additional five ml. of
methanol HCL and pool the extract which was uscd for the cstimation of Acid
methanol extract.

0.5 ml methanol and acid methanol extract was separately taken in test
tubes to which scven ml (reagent, S5) water saturated butanol with HCL was added.
Blank was preparcd by using (reagent 6). All the test tubes were placed in tube rotator
for onc hr and absorbency was read at 550 nm. Al the results were calculated as A
3o dry weight.
3.2.6.1 Glume color
Glume is the outcr most protective covering of the developing kemels. Glume colors

were described as below and shown in (Plate 2D).

W =white, S =sicnna (yellow), M ~mahogany (brown), R :red, P=purple, B -black,
G =grey, O=other.

3.2.6.2 Grain color

Parental lines a.m_i Fy crosses were screened for grain color. Which was visually

assessed and designated as

W =white, Y=yellow, R=red, Br=brown, Bu= buff and O=other

3.2.6.3 Presence of testa layer

Bleach test. For studying presence of testa layer Kofoid et al. (1976) method was

followed. Parental lines and hybrids (Fy's) were screened for the presence of testa.
Fifty kemels of individual linc werc placed scparately in test tube to

which 10 ml of reagent solution containing one part of KOH pellets and five parts of

6% sodium hypochlorite (a house hold bleach) was added. The tubes were swirled for

few minutes and then placed on water bath maintained at 70°C for 10 min and shaken

occasionally. After 10 min of bleaching the contents of the tubes were poured on to

the strainer and rinsed thoroughly with running tap water separately. Excess of water

was taken off and the sample damped in 2-3 folds of a paper towel. When the bulk of
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water was absorbed, kemels were transferred to fresh towel and examined. Kemels
with testa layer tumned black while without testa layer, remained light in color.

3.2.7 Pre-treatment of seed

Seed were pre-treated with 0.1% mercuric chloride solution for two min followed by
washings in three changes of sterile water.  Then these surface sterilized seeds were
plated on pre-moistened three layered  blotting paper in sterile petri-plates for
detection of internally sced bome fungi. Pre-treated sceds were also tested for
germination following the method described carlicr.

Twenty five sceds pre-treated with 0.1% mercuric chloride were placed
in each petri-plates, replicated three times and incubated at 27°C + 2°C under diumal
cycle for seven days, for two replications and for two centres. Observations on fungal
counts, infection score on germinated and ungerminated sceds were recorded as per
method described carlier.

__ countin treated - count in untreated

Increased(%o) = count in treated ©ox100
. count in untreated - count in treated
Reduction(%) - ORI IR EDTEAED - SR Teales x 100
count in untreated
Increased over ~ maximum mean value- minimum mean value
o - [ARITRM MR Yae- MURIVION ean val X100
location(%) minimum mean value

3.2.8 Histopathology of Infection
Histopathology of infection and colonization of major molding fungi #. moniliforme,
F. pallidoroseum and C. lunata, at different stages of host maturity i.c. at anthesis,
10,20,30 and 40 DAF were investigated. An cxperiment was conducted during the
rainy season 1996 at Akola.

Two susceptible lines AKms-14B and SPV-104 were selected for the
purposc. Five plots (2.75 x 3 m) for cach genotypes were randomly distributed. All
recommended package of practices were followed.
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The inoculum were separately muliiplicd on autoclave sorghum grains
in 250 ml Erlenmeyer flasks incubated for 7-10 days at 30°C. Grain showing profuse
sporulation of the pathogen were removed from the flasks, washed in a glass jar with
distilled water, and strained through double layered cheese cloth. Spores and the
mycelial fragments (cfu) in the resulting suspension were counted with a
haemocytometer and appropriately diluted with distilled water o as to obtain 1x10°
cfwml.

Thirty cobs of cach genotypes were selected randomly from individual
plot at flowering of which 10 cobs were sprayed with inoculum of three major mold
fungi, scparately. Spraying was done carefully to cover the entire panicle to runoff
taking duc care to protect other cobs from spray. Inoculated cobs were tagged and
covered with brown paper bags individually. The other plots were sprayed with
fungicidal mixture of Thiram 0.2% + Carbendazim 0.07%.

Similarly, cobs were selected from 2° sct and plots of these lines and
inoculations were done following the methodology described above at 10 DAF. The
inoculated cobs were covered  with brown paper bags and the bags of previously
inoculated cobs werce replaced with perforated paper bags. Unbagged, uninoculated
and other plots were sprayed with Thiram 0.2% + Carbendazim 0.07%, This way 3™,
4% and 5® set of plots were inoculated at 20,30, and 40 DAF, respectively.

Randomly 15 antificially inoculated kemels of cach sct for cach
pathogen were picked up and preserved in FAA (Formalin-acctic acid-alcohol)
solution. Microtomy and microscopy were taken up at ICRISAT in 1997 to study the
process of infection and histopathology.

3.2.9 Microtomy and microscopy
For microtomy of paraffin wax sectioning method described by Gopinath et al. (1987)
was uscd on slight modifications. Different steps are as under.

Killing, Fixing and Hardening, Dehydration, Clearing, Embedding/scction
cutting, Staining,



Procedure

o Asthe samples were preserved in FAA solution, killing of host (grain) tissue is
0ot necessary.

o Samples preserved in FAA were removed, thoroughly washed with water and
soaked in water for 3-4 hr.

o The sceds were softencd by boiling in water for S min and fixed in acetic acid-
alcohol (1:3) solution for 24 hr. Then the seeds were washed in running water for
30 min-1 h before next procedure.

o All the samples were dehydrated with series of tertiary butyl alcohol i.c. 30,50, 60,
70,80,90 and 100% concentrations, for 30-45 min in cach concentration

o The samples were then placed in xylene, a solvent of paraffin wax for 1 hr called
clearing (dealcoholization).

o After clearing, the secd samples were infiltrated with paraffin wax, till it become
frec from xylenc. This step was repeated 2-3 times, till all the xylene was removed
from melted paraffin wax, Thercafter all the paraffin wax was replaced with fresh
paraffin and kept for 24 hr at 57°C in oven. At this stage samples becomes ready
for embedding.

o The samples were then embedded in paraftin wax in plastic mould, oriented as
desired and labeled.

o The embedded blocks were removed from plastic mould and put in ice cold water
for finc crystal texturc and softencd by immersing the blocks in 1% aqucous
solution of sodium lauryl sulphate for 24 h.

o Then blocks were washed with water and transferred to a mixture of glycerin and
acetic acid (1:1) for 7 days.

o Serial microtome sections were cut (15-20 pm thick), dewaxed and stained in
Piancze I b stain (Dhinara and Sinclair, 1995) and finally mounted in DPX
mountant for observation under compound microscope.

o For fluorescence microscopy the sections were stained with fungiflour/celluliflour
after dewaxing and observed under fluorescence microscope.
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3.2.10 Statistical analyses

The data were analysed as per standard method suggested by Panse and Sukhatme
(1954). For 10x10 diallel, two scts of diallel viz. parents + Fy crosses and parents +
F, progenics were analysed for all characters as per the method 2, model 1 of Griffings
(1956 b) as further extended by Singh (1973a, 1973 b).

3.2.10.1 Heterosis

Heterosis (11,) cxpressed over mid parental values, heterobeltiosis (11;) expressed over

better parent; were estimated by using the following method of Laosuwan and Atkins

(1977).

Heterosis (H,) 'W 100
Where, MP b
eterobeltiosis (1) - Fi—8P <100

BP
Where, l—,— * Mean of hybnd (F)
;’T - Mcan of parent |
E, Mcan of parent 2
MP =Mid parental value
BP = Mean of better parent

(Better parent changes as per the characters)

Test of significance, however, were calculated for the numerators of the
expression i.e. H; = F, - MPandH, - TF, - "BP.



3.2.10.2 Combining ability analysis
Combining ability analysis was based on plot means. It was carried out for all the
characters, using method 2 model 1 of Griffings (1956 b) and further extended by
Singh (1973 a, 1973 b).
‘The mathematical model for combining ability analysis (Model - 1)
was assumed as :
Xij ~jutgitgjt Sijreijk

[ P
| e
Where,
p- number of parents,
b <number of replications,
p-population mean,
g =gea effect of i th parent,
g +-gea cffect of j th parent,
Sij- sca effect of cross between i th and j th parents.
cijk ‘mean error effect.

The restrictions imposed to the model are :

£
1 ¥ 0

and

Sij + Sii =0  (for cach i).

Computation of gca and sca effects
The various effects were estimated as follows :

Population mean p = “p_(—;-_l')“ X.
gea effects of i th parent =
1 . ” 2
g < g KXy =X
and sca effects of ij th cross =



»

A
. 1 e v e 2
S Xxij - W (Xii+Xu+Xj+Xg)  + WX

Where,
p=number of parents,
Xi. =total of erray involving i th parent,
Xii =mean of i th parent,
Xij =mean value of ij th cross,
X.. =total of all the treatments in the table without

reciprocals i.c. £ £ Xij such that i
v

3.2.10.3 Correlation coefTicient
In order 1o study the degree of association between different characters contributing to
grain mold development, simple correlation coefficients were worked out from the
respective variances and co-variances as per the formulac suggested by Hays ef al.
(1955).

covariance of ij

Cofrelation between ij -

Vvariance of ix variance of _|

Significance of corrclation cocflicient was determined from table of

comrelation coefficient of S and 1% level of significance (Fisher, 1958). 'The 't

values were compared against n-2 degree of freedom.
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CHAPTER -1V
RESULTS

4.1  Analysis of variance

4.1.1 Analysis of variance (Pooled F,) for physical, agronomic, and pathological
traits, Akola and Patancheru, 1996

The pooled analysis of variance over two locations for parents and F, crosses is
presented in (Table 2). Data revealed that the two locations, were significantly
different from cach other for all the characters, except plant height and mesocarp
thickness. This is indicative of the fact that the two locations were cco-cdaé‘ically
different and genotypes were tested under sufficiently diverse environments.

The variance duc to treatments-parents, crosses and parents vs crosses
were  highly significant for all the 15 characters studied, except infection by /.
pallidoroseum and other fungi in parents and glume covering, and infection by /
pallidoroseum in parcnts vs. crosscs. However, variances duc fo treatments x
Jocations, parcnts ~ locations and crosscs x locations interactions were significant for
all characters cxcept cob length and glume covering in trcatments x locations,
endosperm texture, cob length, glume covering, and infection by /. moniliforme, F.
pallidoroseum, C.-lunata and other fungi. in parents x locations and grain hardness,
cob length and glume covering in crosses + locations intcraction. Varance duc to
parents vs crosscs x locations interaction was observed to be significant for the trait
grain hardness, clectrical conductivity, DTF, TGMR and germination.

4.1.2  Analysis of variance (Pooled F,), for physical, agronomic and pathological
traits, Akola and Patancheru, 1996

The pooled analysis of variance aver two locations for parents and F, progenics for
1 ’ dunctm is presented in (Table 3). Data rcvealed that the two locations
significantly differ from each other for all the characters except cob length and glume



61

The variance due [0 treatments, parents, crosses and parents vs. crosses
were highly significant for all the 11 characters studied, except infection by F.
pallidoroseum and other fungi for treatments, parents and crosses and plant height in
parents vs. crosses. However variance due to treatments x locations interactions were
significant for all characters except glume covering and infection by F. moniliforme.
For parents x (Iocauons) interactions only. grain hardness, electrical conductivity . §
TGMR .. - were significant and for progenies x locations interactions
grain hardness, electrical conductivity, plant height, cob length, TGMR and
germination were significant.  However, for parents vs progenies x locations
interactions significantly differed from each other for all the characters except glume
covering, and infection by F. moniliforme and C. lunata.

4.1.3 Analysis of variance for biochemical characters of parental lines and F, at
Akola, 1995

For biochemical characters viz. protein, soluble sugars, tannins and flavan-4-ols were
studied from the samples collected at Akola (rainy season, 1995). The analysis of
variance is presented in (Table 4).

The treatment differences were highly significant for all the traits
studied. Further partitioning of treatment variance into components viz., parents,
crosses and parents vs. crosses revealed that all the three components differed
significantly among themselves for all the characters. Replication differences were
non-significant for all the traits studied.

It may thus be concluded that the parental lines included in this
investigation possessed sufficient variability for the characters studied.

4.2, Mean performance, heterosis and heterobeltiosis, Akola and Patancheru,
1996

The mean performance of parental lines, F, crosses, F, progenics, heterosis (H;) and

hetesobeltiosis (H;) were computed as per the procedure given in chapter III - The

character wisc results are presented in (Tables 5 to 20).
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Figmme 1. Grain hardness of parents and F, crosses at Akola and Patancheru,1996

SPV-1201 x ICSB-10113
SPV-1201 & AKms-148
SPV-1201 x SRT-26B
SPV-1201 x (J-35-15-15
SPV-1201 x SPV-946
SPV-1201 x SPV-104
SPV-1201 x 15-2284
SPV-1201 x 18-6335
1201 x 18-9471
-1018 x AKms-14B
SB-1018 x SRT-2618
(SB-101B x -15-
'SB-1018 x SPV-946
ICSB-101B x SP\-104
15 1CSB-101B x 18-2284

3G-35-15-15 8 SPV-940
32GiJ-35-15-15 X SPV-104
33681515 x18-2284
34 GIIS-15-15 1 86335

16 [CSB-101B X 186335
17 1CSB-101B X IS9471

18 AKms-1413 x SRT-261
19 AKms-14B x (;J-35-15-15
20 AKms-14B x SPV-946

21 AKms-1413 x SPV-104
22 AKms-14B3 X 18-2284

23 AKms-14B X IS-0335

3K SPV-946 X 186335
39 SPV-946 x 18-9471
40 SPV-104x
41 SPV-104 X 186335
A2SPV-104 x 189471
43152284 x 180335
4418-2284 x 18-9471
45186335 5 189471

-15-15

2268 x ()3
V946

1-261 x SP

28 SRT-268 x IS-2284
29 SRT-268 x 18-6335
30 SRT-26B x 159471



4.2.1 100-grain weight
Data presented in (Table 5) revealed that for parental lines, the range of variation for
100-grain weight was from 1.69 to 2.90 g at Akola, whereas it was from 1.36 to 2.54 g
at Patancheru. However, for crosses the range was from 1.76 to 3.41g and 1.52 to
2.98 g at Akola and Patancheru, respectively. Among the parental lines, SPV-104
recorded the highest 100-grain weight both at Akola (2.9 g) and Patancheru (2.54 g).
Among the crosses, the highest grain weight at Akola and in pooled data exhibited by
the cross SPV-1201 x SPV-104 (3.41 g) and (2.94 g), respectively, whereas at
Patancheru ICSB-101B x SPV-104 (2.58 g) recorded the highest 100 grain weight.
Among the crosses, SPV-1201 x SPV-104 was significantly superior at Akola. Across
the two locations, SPV-104 recorded the highest 100-grain weight (2.72 g), followed
by SPV-1201 (2.66 g) and ICSB-101 B(2.06 g).

Out of 45 crosses four cxhibited significant positive heterosis (Table
12). The positive heterosis of highest magnitude (23.72%) was observed in AKms-
14B x 1S-6335 followed by SRT 26B x 1S-6335 (22.94% ) and AKms- 14 B » IS-
9471 (20.95% )

As regards heterobeltiosis none of the crosses exhibited significant
positive heterobeltiosis, however, the positive heterobeltiosis ranged between 18.75
(SRT-26B x IS-6335) to 0.18 % (ICSB 101B x SPV-104). Promising crosscs
exhibiting positive heterobeltiosis appear were SRT-26B ~ 1S 6335 (18.35%). SRI-
26B x 1S-9471 (18.29%) and AKms-14B « IS-9471 (16.41%).
422 Grain hardness
That the range of variation for grain hardness for parental lines was from 5.91 to 8.67
kg/cm® at Akola, and 2.78 t0 6.03 kg/em” at Patancheru (Table 5, Fig. 1). However, in
pooled data the range of variation was 4.43 to 7.35 kefem’. The parental line SPV-
1201 recorded the highest grain hardness at Akola 8.67 kg/em’ and Patancheru 6.03
kg/em® as well as in pooled data 7.35 kg/em®. For crosses the range was from 3.96 to

8.71 kg/em® and 2.82 to 7.43 kg/cm2 at Akola and Patancheru, respectively. The
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highest (7.85, 7.43 and 7.64 kg/cm’) grain hardness was recorded for cross SPV-1201
x GJ-35-15-15 at both locations and in pooled data, respectively.

In F, progenies (Table 8) the range of variation for grain hardness was
from 3.25 to 7.31 kg/em® and 2.13 to 6.26 kg/em® at Akola and Patancheru,
respectively. However, when pooled over locations, the grain hardness ranged
between 3.26 and 5-93 kg/cmz. Maximum grain hardness was recorded in F,
progenies of SPV-1201 x IS 9471 (7.31kg/cm?) at Akola , whereas F, progenics of
SPV 946 « IS 2284 (6.26 kg/em’) and 5.93 kg/em’ exhibited maximum grain
hardness at Patancheru and pooled data, respectively.

In F, diallel sct, heterosis ranged from 0.40 to 11.84% over mid
parcntal value (Table 12). The cross SPV 1201 x GJ 35-15-15 (11.84 %) recorded the
highest heterosis, but the least heterosis was recorded in SPV 946 « IS 2284 (0.40%).
None of the crosses exhibited significant positive heterosis, however, three crosses
recorded significant negative heterosis.

Four crosses exhibited positive heterobeltiosis but it was not
significant. The highest positive heterobeltiosis was exhibited in AKms-1201 < IS
2284 (5.49%) followed by SPV-1201 x GJ-35-15-15 (395%).

In F, diallel set only one F, progeny SPV-946 x 1S-2284 (7.98 %)
exhibited positive heterosis but, it was non-significant (Table 15).

4.2.3 Endosperm texture

It is seen from the (Table 5), that for parental lines the range of variation for
endosperm texture was from 22.40 to 56.95 % at Akola, whereas, at Patancheru the
same ranged between 25.90 to 59.15%. However, for crosses the range was from
21.15 to 74.00% and 25.55 to 66.60% at Akola and Patancheru respectively. The
comeous endosperm texture at both locations and average over locations was
exhibited by parental line GJ 35-15-15 (2240, 25.9 and 24.15%), respectively.
Among crosses comneous endosperm texture at Akola was exhibited by the cross SPV-
1201 x GJ 35-15-15 (21.15 %), whereas, at Patancheru location ICSB-101 B x GJ 35-
15-15 (25.55%) exhibited the comeous endosperm texture. Cross SPV-1201 x GJ 35-
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15-15 (25.13%) exhibited lowest endosperm texture when pooled over locations.
Comi’us, intermediate and floury endosperm textures are depicted in Plate 3.

In F, diallel only threz crosses exhibited negative heterosis (Table 12).
Highest negative heterosis was noted by cross SPV-1201 < GJ 35-15-15 (-6.07%)
followed by 1S-2284 x IS-633S (-3.07%). Sixteen crosses exhibited significant
positive heterosis. Highest significant positive heterosis was recorded in cross AKms-
14 B x SPV-946 (63.01%) followed by AKms-14B x SRT-26B (52.31%).

Whereas, 21 crosses indicated negative heterobeltiosis, none of them is
significant. Highest negative heterobeltiosis was indicated by crosses SPV-946 x IS
6335 (-19.63%) followed by cross SPV-946 x IS 2284 (-19.43%). Only four crosses
recorded significant positive heterobeltiosis. Cross AKms-14B x SPV-946 recorded
highest significant positive heterobeltiosis (58.01%).

4.2.4 Electrical conductivity

It is observed from the (Table 5, Fig. 2) the range of variation for clectrical
conductivity for parental line was from 105.0 to 300.50 dSm at Akola and 214.00 to
846.50 dSm™ at Patancheru. However, in pooled data the range of variation was
167.25 to 553.25 dSm™. The parental linc IS-9471 (105.00 dSm™) exhibited lowest
elecirical conductivity at Akola and 15-6335 (214.00 dSm™) at Patancheru, while in
pooled data parental line 1S-2284 (167.25 dSm’") exhibited lowest value. For crosses
the range was 90.00 to 237.50 dSm™ and 82.00 to 485 dSm 'at Akola and Patancheru,
respectively. Among crosses lowest electrical conductivity at Akola was exhibited by
the cross 1$-6335 x IS 9471 (90.00 dSm™) and at Patancheru and pooled over
locations SPV 946 x IS 9471 exhibited lowest electrical conductivity (82.00 and
102.25 dSm™, respectively).

In F, progenies (Table 8) the mean values ranged from 155.00 dsm™!
(IS 6335 x 1S-9471) to 553.00 dSm’* (SRT-26B x SPV-104) at Akola; whercas, it was
158.00 dSm™ (SRT-26B IS ~9471) to 685.00 dSm™ (SPV-1201 x GJ 35-15-15) at

Patancheru. However, when pooled over locations, the electrical conductivity ranged
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between 165.50 and 589.50 dSm™ and minimum electrical conductivity recorded in
progeny IS-6335 x IS 9471 (165.50 dSm™)

All 45 crosses indicated negative heterosis out of which 30 crosses
exhibited significant negative heterosis (Table 12). Highest significant negative
heterosis was recorded by cross SPV-104 x IS 9471 (-70.69 %) followed by cross
SRT-26B x IS 6335 (-61.63 %).

As regards heterobeltiosis all 45 crosses exhibited negative
heterobeltiosis, of which 38 indicated significant negative heterobeltiosis. The range
in negative direction varied from -10.55 to -80.89%. The highest significant negative
heterobeltiosis was exhibited by cross SPV-104 x 1S-9471 (-80.89 %) followed by
cross SPV-104 x IS 6335 (-74.33 %).

In F, diallel set (Table 15) nine progenies exhibited negative heterosis,
of which three progenies exhibited significant negative heterosis. The highest
negative heterosis exhibited by progeny SRT-26B x I1S-9471 (-33.09 % ) followed by
AKms- 14 B x 1S-6335 (-30.99 %) and SPV-104 x IS-9471 (-19.68%). Whereas, 29
progenies exhibited negative heterobeltiosis of which 13 progenies cxhibited
significant negative heterobeltiosis. ~ The highest negative heterobeltiosis was
exhibited by SRT- 26B x IS-9471 (-51.44 % ) followed by AKms-14 B x 1S 6335 (-
50.23 %).

4.2.5 Days to 50% flowering

The range for days to 50% flowering, among parental lines was from 66.00 to 80.00
and 59.00 to 79.00 days at Akola and Patancheru, respectively (Table 5). The carly
flowering was exhibited by 1S-6335 (66.00 days) at Akola, (59.00 days) Patancheru
and (62.50 days) in pooled data. The crosses ranged between 59.50 and 76.00 days
and 59.00 and 85.50 days at Akola and Patancheru, respectively. The carliest
flowering crosses was SRT-26B x IS-6335 (59.00 and 59.75 days) at Patancheru and
in pooled data, respectively.

The range of desirable heterosis was from - 0.17 to- 17.59 % (Table
12) 18 out of 45 crosses exhibited significant negative heterosis, highest recorded by



cross SPV-104 x IS 9471 (-17.59 %) followed by SPV-104 x IS-6335 (-13.32%).
Only five crosses exhibited significant positive heterosis,

Heterobeltiosis in desired direction was exhibited by 36 crosses, while
positive and significant heterobeltiosis was exhibited by only one cross. The cross
SPV-104 x IS 6335 recorded highest magnitude of heterobeltiosis (-22.04 %)
followed by cross SPV-104 x IS -9471 (-21.41 %). Both crosses were also
significantly superior to other crosses for heterosis in negative direction.

4.2.6 Plant height

1t is observed from the (Table 6), that the range of variation was from 136 cm to 283

cm at Akola, and 140 cm to 285.50 cm at Patancheru , however, in pooled data the
" range of variation was 138 cm to 273.75 cm. The parental line AKms-14B exhibited
‘ least height (136, 140,138 cm) at Akola, Patancheru and in pooled data, respectively.

For cross the dwarfs cross was ICSB-101B x AKms-14B (183 cm) at both locations

and pooled data, however tallest cross was SPV-1201 x IS-9471 (343m 340 and

341.50 cm) at Akola, Patancheru and in pooled data, respectively.

In F, progenies (Table 8) the range was from 157.90 to 260.00 cm at
Akola and from 184.15 to 318.25 cm at Patancheru. The least height was exhibited by
progeny ICSB-101B x AKms-14 B (157.90, 184.15 and 171.02 cm) at Akola,
Patancheru and pooled data, respectively.

Significant positive hetcrosis was obscrved in (Table 13) 41 crosscs
and maximum heterosis (56.81 %) was observed in SPV-1201 x AKms-14B followed
by SPV-1201 x ICSB 101B (54.40 %). Only three crosses exhibited negative
heterosis but, none of the crosses exhibited significant. Highest negative heterosis
was obscrved in SPV-1201 x SPV-946 (-3.93 %).

Only seven crosses exhibited heterobeltiosis in negative direction and
out of them, only three crosses were significant. They were SRT-26 x GJ 35-15-15
(-19.04 %), AKms- 14B x GJ-35-15-15 (-12.02 % ) and SPV-1201 x SPV-946 (-
10.78 %).
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In F, diallel set (Table 15) 18 progenics exhibited heterosis in negaiive
direction and none of them was significant. The highest negative heterosis was
exhibited by SPV-1201 x SPV-104 (-12.55 %) followed by SPV-1201 x ICSB-101B
(-10.06 %).

. As regards to heterobeltiosis, 35 progenies exhibited negative
' heterobeltiosis and seven progenies exhibited significant negative heterobeltiosis.

The range was from -23.32 to -1.21 % The highest negative heterobeltiosis was
~ exhibited in SPV-1201 x ICSB-101B (-23.32 %) followed by SRT -26B « GJ-35-
15-15 (-21.61 %).
4.2.7 Cob length
Mean values for this character varied from 21.20 cm to 26.20 cm and from 17.00 to
28.90 cm in case of parental lines at Akola and Patanchery, respectively. (Table 6),
whereas in pooled data the range was 19.10 cm to 27.55 cm. Parental line ICSB-
101B recorded maximum ear head length (26.20, 28.90 and 27.55 cm) at Akola,
Patancheru and pooled data, respectively. Among crosses the range was 20.40. (SPV-
1201 x SP 104) to 29.70 ¢m (GJ-35-15-15 x 1S-6335) at Akola, 21.00 (AKms-14 B x
SRT-26B) to 32.10 cm (ICSB 101B x 1S-9471) at Patancheru and 20.95 ¢cm (SPV-
1201 x SPV-104) to 30.80 cm (ICSB-101B x IS-9471) in pooled data.
‘ In F, progenies (Table 8) mean values ranged from 18.95 (SPV-1201 «
SPV-104) to 30.05 cm (ICSB-101 B x AKms-14 B) at Akola, whereas, it was 20,00
(SPV-946 x SPV-104) to 29.85 cm in (SPV-946 x 1S-6335) at Patancheru. However,
in pooled data, the cob length ranged between 21.25 to 28.90 cm and the maximum
cob length recorded in progeny (ICSB -101 B » AKms-14 B).

In F, diallel sct (Table 13) the estimates for heterosis ranged from 0.10

10 22.40% in positive direction and from -2.42 to —4.23 % in negative direction. Five
grosses were significant in positive direction. The highest heterosis % in positive

‘direction was recorded by cross SPV-104 x 1S-6335 (22.40 %) followed by AKms-
14B x GJ-35-15-15 (19.79 %).
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Only one cross AKms-14B x GJ-35-15-15 (19.54%) cxhibited
significant heterobeltiosis in positive direction. This cross was also significantly
superior to other crosses for heterosis in positive direction.

‘ In F, diallel set (Table 15) 42 progenies exhibited positive heterosis of
which only three progenies exhibited significant positive heterosis, the highest positive
;1: heterosis was exhibited in GJ-35-15-15 x IS 2284 (27.54 %) followed by SPV-946 x
:18-6335 (17.26%) and GJ-35-15-15 x IS-9471 (14.92%). Whereas, 25 progenies
,‘cxhjbited positive heterobeltiosis, of which only one progeny GJ-35-15-15 x 1S-2284
'(25.60 %) exhibited significant positive heterobeltiosis.
‘4.2.8 Glume covering
'The range for glume covering for parental lines was exhibited from 50 to 75% at
Akola, Patancheru and in pooled data (Table 6). Parental lines ICSB-101B and IS-
: 6335 recorded maximum 75% glume covering at Akola, Patancheru and pooled data.
Mini 50% was ded by SPV-1201, AKms-14B, SPV-946, SRT-26B at

- Akola, Patancheru and in pooled data.
Among crosses ICSB-101 B x IS-6375, SPV-104 x [S-6335 and IS-
2284 x 1S-6335 recorded maximum 75% glume covering at Akola, Patancheru and
pooled data. AKms-14B x GJ-35-15-15 and AKms-14B x SPV-946 recorded
maximum glume covering at Patancheru.
In F; progenies (Table 9) maximum 66.50, 75.00 and 70.75 % glume
vcovering was exhibited in SPV-946 x IS-6335 at Akola, Patancheru and pooled data,
respectively. However, minimum 37.50% was recorded in SPV-1201 x SPV-946 and
AKms- 14B x 1S-946 at Akola. Whereas, SPV-1201 = SPV-104 rccorded minimum
37.50 and 41.25% glume covering at Patancheru and in pooled data, respectively.
In F, diallel set (Table 13) none of the crosses recorded significant
positive heterosis. However, 23 crosses recorded positive heterosis, the highest (25%
) exhibited by AKms- 14 B x GJ 35-15-15 and AKms- 14 B « SPV -946. None of
crosses exhibited significant positive heterobeltiosis.  However, above crosses
‘exhibited highest 25% heterobeltiosis in positive direction.
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In F, diallel set (Table 15) 18 progenies exhibited positive heterosis,
but it was not significant. The highest positive heterosis was exhibited in progenies
SPV-104 x IS 2284 (20.47%) followed by GIJ-35-15-15 x IS 2284 (16.71%).
Whereas, 16 progenies exhibited positive heterobeltiosis, the range was 0.00 to
13.78%. The highest positive heterobeltiosis was exhibited in SPV 104 x IS 2284
(13.78%) followed by GJ-35-15-15 x 1S-2284 (10.22 %).

4.2.9 Mesocarp thickness
The parental lines ranged was from 45.45 to 97.52 um at Akola 59.91 to 96.57 um at
Patancheru and 54.02 pm to 97.05 um in pooled data. Lowest mesocarp thickness
was recorded in parental line SPV-946 (45.45 um) at Akola and pooled data and IS-
. 9471 (59.91 pum) at Patancheru. Among crosses the mean values ranged from 32.03
um, 31.32 um and 31.68 yum (SPV-104 x IS-6335) to 96.79 um, 99.56 pm and 98.13
pm (AKms-14B x SRT-26B) at Akola, Patancheru and in pooled data, respectively
(Table 6). Mesocarp thickness of susceptible, elite (moderately resistant), resistant
parental lines and red and while cross are shown in Plate 4.

The ranged for desirable heterosis was from -3.03 to -61.14% (Table
13). Out of 45 crosses in F; generation 29 exhibited significant negative heterosis, the
highest (-61.14%) recorded by SPV-104 x IS-6335 followed by SPV-104 x 1S-2284
(-57.19%) and ICSB-101 B x IS 6365 (-56.61%).

Heterobeltiosis in desired direction (negative and significant) were
exhibited by 32 crosses. The ranged of heterobeltiosis was from 13.74 to -
64.39%. The highest heterobeltiosis (-64.39%) was indicated by SPV-104 ~ IS-
6335 followed by ICSB-101 B x IS- 6335 (-61.74%). Both crosses werc
significantly superior to other crosses for heterosis in negative direction.
+4.2.10 Threshed grain mold rating
iAt Akola, the range of variation for parental lines was form 2.00 to 4.00, whereas it
was 1.50 to 5.00 and 1.75 to 4.50 at Patancheru and in pooled data, respectively.
(Table 6). The parental lines IS-9471, IS- 6335 and 1S-2284 exhibited lowest (2.0)
TGMR at Akola, whereas, IS-9471 exhibited (1.5) TGMR at Patancheru and (1.75)



Plate : 4 : Mesocarp thickness (I ransverse section, 06 6 X)

1 Parental Lines

A Akms 14-B White (S)
B SPV-0416 White (MR)
« IS 9471 Red (R)

1 ¥ Cross (red)
D SPV-104 White (Parental line)
L 1S-6335 Red (Parental line)
I SPV-104 x 1S-633 Red (Cross)

[ Fy (Cross (white)
G SPV-1201 White (Parental line)
I ICSB-101B White (Parental line)
| SPV-1201 X ICSB-101B White (Cross)

(kp  Epicarp. M=Mesocarp. Al-Aleurone layer.
E-L:ndosperm and T-testa)



I F, cross (white)

Plate 4. Mesocarp thickness



70

TGMR in pooled data. Among crosses the range was from (2.0 to 3.50), cross SPV-
946 x 1S-6335 exhibited the lowest and AKms-14B x SRT-26B exhibited the highest
TGMR at Akola, at Patancheru TGMR varied between (1.50 and 5.00) cross GJ 35-
15-15 x 1S-9471, 1S-2284 x 1S-6335 and 1S-6353 x IS 9471 exhibited lowest (1.50)
TGMR and SPV-946 x SPV-104 and SRT 26 B x GJ 35-15-15 exhibited highest (5.0)
TGMR. However, in pooled data 1S-6335 ~ IS-9471 and IS 2284 - 15-6335 recorded
lowest (1.75) TGMR.
In F, diallel (Table 9) lowest TGMR was exhibited by progeny 1S-2284
x 18-9471 (1.70, 2.0 and 1.85) at Akola, Patancheru and pooled data respectively.
However highest TGMR was exhibited by AKms-14B « SPV-104 (3.05) and (3.28) at
Akola and pooled data, respectively. Whercas at Patancheru progeny  AKms-14B «
SRT-26B (4.00) exhibited highest TGMR.
In F, diallel set (Table 13) the range for desirable heterosis was from
2.86 1o -46.15% Out of 45 crosses 22 crosses exhibited significant negative heterosis,
the highest (-46.15%) recorded by AKms-14 B < 1S-6335 followed by (44.00 %) by
AKms-14 B « [S-9471,
Heterobeltiosis in negative direction (negative and significant) were
exhibited by 25 crosses. The range of heterobeltiosis was from  5.56 to 61.11%.
The highest heterobeltiosis was exhibited (-61.11 %) in AKms-14B - 15-6335 and
AKms-14B x 1S-9471 followed by AKms-14 B ~ 1S-2284 (-55.56%). [First two
crosses were significantly superior to other crosses for heterosis in negative direction.
In F, diallel sct (Table 15) 44 progenics cxhibited negative heterosis,
of which 25 exhibited significant ncgative heterosis, the highest negative heterosis
exhibited by AKms-14B x IS-6335 (-30.00%) followed by AKms-14B » GJ 35-15-
15 (-29.70%) and AKms-14 B » IS-9471 (-29.60 %). Whercas, all 45 progenics
exhibited negative heterobeltiosis of which 41 exhibited significant negative
- heterobeltiosis. The range was from - 51.11% to - 2.50%. The highest negative
heterobeltiosis was exhibited in AKms-14B x IS-9471 (-51.11%) followed by
’;\Km-u B x 1S-6335 (-49.44%) and AKms-14B  IS-2284 (-46.67%).
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4.2.11 Seed germination

It is seen form the (Table 7), that for parental lines the range of variation for sced
germination was from 29.00 to 86.00% at Ahola, whereas, at Patancheru it
ranged between 2.50 and 61.00%.  However, when pooled over locations parental
lines ranged between 15.75 to 71.75%. Among crosses the range of variation for
germination was from 32.50 to 98.00°%, and 14.00 to 88.50% at Akola and Patancheru,
respectively. Whereas, pooled data the crosses ranged between 25.25 to 90.00%. The
highest seed germination at Akola was exhibited by parental ling 1S 6335 (86.00%),
whereas, at Patancheru and pooled data parental line IS-2284 cihibited highest
germination 61.00 and 71.75%, respectively.

Among crosses SPV-1201 - IS-2284 exhibited highest 98.00% seed
germination at Akola, ICSB-101B <« IS-6335 exhibit highest 88.50% germination at
Patancheru, whereas, cross ICSB-101B -« 15-2284 cxhibited highest germination
(90.00°0) in pooled data.

In F, progenies (Table 9) the mean values for germination ranged from
53.00 to 87.90% at Akola. 9.75 to 83.50% at Patancheru and 38.00 to 84.70% in
pooled data. At Akola progeny IS-2284 - 1S-6335 cxhibited highest germination
(87.90%) followed by 1S-6335 x [S-9471 (86.40%) and SPV-946 - 15-6335 (86.15
%), while progeny 1S-2284 x 1S-9471 cxhibited highest seed germination (83.50 and
84.70%) at Patancheru and pooled data, respectively.

The range of heterosis in positive dircction was from 4.14 to 76.76%
(Table 14). All crosses exhibit positive heterosis, however 37 crosses exhibit
significant. The highest heterosis (76.76%) was indi.ated in cross AKms-143 - IS-

6335, followed by cross AKms-14 B « [S-9471 (71.44%).

Regarding heterobeltiosis the range was 1.20 to 40 56% in positive
direction, whereas, 17 crosses out of 45 exhibits significant positive heterobeltiosis.
The highest (40.56%) was indicated by SPV-1201 « SRT-26B followed by ICSB-
iOIB x SPV-946 (33.89%) and ICSB-101B ~ 1S-9471 (33.45 %).
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In F, diallel set (Table 16) all the progenies exhibited positive
heterosis, of which 23 progenies exhibited significant positive heterosis. The highest
positive heterosis was exhibited by progeny ICSB-101B . AKms-14B (78.73%)
followed by AKms-14B . GJ-35-15-15 (62.84%) and AKms-14B . IS-6335
(57.66%). However, 36 progenies exhibited positive heterobeltiosis, of which only
four progenies exhibited significant positive heterobeltiosts.  The highest positive
heicrobeltiosis was exhibited by, ICSB-101B « AKms-14B (38.93%) followed by
SPV-1201 x SRT-26B (37.20%).

4.2.12 Infection by F. moniliforme

It is scen from the (Table 7 ) that, the range of variation for parental lines in Iy diallcl
set, was from 5.33 to 38.67% at Ahola, whercas, at Patancheru the same 1anged
between 34.00 to 71.34%. However, in crosses the range was from 3.99 to 3599 and
21.34 to 70.67% at Akola and Patanchery, respectively.  The lowest fungal load of X
moniliforme at Akola, Patancheru and in pooled data was exhibited by 1S-9471, (5.33,
34.00 and 19.67%), respectively. Among crosses lowest fungal load of /5 montliforme
at Akola was exhibited by cross SPV-104 « 1S-6335 (5.990), whercas, at Patancheru
and pooled data, cross ICSB-101B « 1S-6335 cexhibited lowest infection by [
moniliforme (21.34 and 15.66%), respectively.

In F, diallel progenies (Table 10) mean values ranged from 18.50
(ICSB-101B x IS-6335) to 52.52% (SPV-104 « IS-9471) at Akola. where as it was
25.34 (IS-6335 « 1S-9471) to 67.50% (AKms-14B < SPV-104) at Patancheru.
However. in pooled data infection by /. moniliforme ranged between 26 88 10 54.25%,
lowest 26.88% F. montliforme load was recorded i progeny (SPV- 946 « 15-6335).

In F, dialle] set 40 crosses exhibited negative heterosis of which only
five crosses exhibited significant. The range was 53.47% to  0.02% in ncgative
dircction, However, the highest negative heferosis was in cross ICSB-101B ~ IS-

6335 (-53.47%) followed by AKms-14B » IS-6335 (-50.81 %) and SPV-104 -
/18-6335 (-48.39%) (Table 14).



However, 43 progenics exhibited negative heterobeltiosis of which 13
progenies exhibited significant. The range was -62.41 to -0.83 % in negative
direction. The highest negative heterobeltiosis was observed in AKms-14B  1S-6335
(-62.41%) followed by SPV-104 » [S-6335 (-61.22%) and ICSB-101B -« IS- 6335 (-
60.51%).

In F, diallel set (Table 16) only threc progenies cxhibited negative
heterosis, but it was not significant. The highest negative heterosis was exhibited in
progenies SRT-26B « SPV-946 (-12.50%%) followed by 1CSB-101B « AKms-14 B (-
7.59% ) and SRT -26B x SPV-104 (-1.93%). Threc progenies recorded significant
positive heterosis.

However, 13 progenies exhibited negative heterobeltiosis, but it was
not significant. The range was -17.43 to 0.04%. The highest negative heterobeltiosis
exhibited in SRT-26B « SPV-946 (-17.43%) followed by AKms-14 B ~ [S-9471 (-
16.13%) and SPV-946 » 15-6335 (-16.00 %), but it was not significant.  Only once
progeny 1S-2284 - IS-6335 exhibited (104.41%) significant positive heterobeltiosis.
4.2.13 Infection by F. pallidoroseum
The range of variation for parental lines for . pallidoroseum was exhibited from 0.71
to 2.67% at Akola, 7.34 to 19.34% at Patancheru and 4.02 to 10.51% in pooled data.
Lowest (0.71%) F. pallidoroseum load was exhibited by parental lines SPV-1201,
ICSB-101B, AKms-14B and GJ-35-15-15 at Akola. whereas, AKms-14B cxhibited
lowest 7.34 and 4.02% F. pallidoroseum load at Patancheru and in pooled data,
respectively. In crosses lowest (0.71, 5.34 and 3.02%) F. pallidoroseum load was
exhibited in cross ICSB-101 B ~ IS 2284 at Akola, Patancheru and pooled data,
respectively (Table 7).

In F, progeny lowest (0.77%) fungal load of F. pallidoroseum was
exhibited in GJ-35-15-15 x SPV-946 at Akola, however, progeny AKms-14B - GJ-

:;35-15~15 exhibited lowest (1.50 and 1.53%) fungal load at Patancheru and pooled

‘{,;ﬂata, respectively (Table 10).
&
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Out of 45 crosses, 13 crosses exhibited negative heterosis out of which
only one cross ICSB-101 B x IS-2284 (-64.85%) ©  exhibited significant heterosis
in F, diallel sct (Table 14).

The range of heterobeltiosis was from ~71.25 % to -0.04%, 22 crosses
exhibited negative heterobeltiosis, out of which only one cross [CSB-101 B « IS-2284
(-71.25%)  exhibited significant heterobeltiosis.  The same cross was found
significantly superior to other crosses for heterosis in negative direction.

In F, diallel 37 progenics exhibited negative heterosis of which only
one progeny GI 35-15-15 x SPV-946 (-74.43%) cxhibited significant negative
heterosis. The range was -74.43 to -1.71% in ncgative dircction. Thirty cight
lprogenies exhibited heterobeltiosis in negative direction and out of them, only onc
progeny GJ-35-15-15 x SPV-946 (-79.88%) was significant. The same progeny was
found significantly superior to other crosscs for heterosis in negative dircction
(Table16).

4.2.14 Infection by C. lunata

At Akola location, the range of variation for parental lines was from 24 (IS-9471) to
60% (GJ-35-15-15), whereas, at Patancheru and in pooled data the range of variation
for parental lines was from 15.33 and 20.67 (IS-6335) to 37.33 and 46.67% (SRT
26B), respectively. Among crosses the range was from 18.00 (SPV-1201 < 15-6335
and SPV-1201 « IS-9471) to 68% (ICSB-101B < SRT-26B) at Akola, whereas, at
Patancheru 8.0 (ICSB-101B « SPV-104) to 37.33% (SPV-1201 » SPV-104) and in
pooled data the range was from 20.33 (ICSB-101B » 1S-6335) to 46.33% (SPV-1201
x SPV-104) (Table 7).

In F, progenies lowest (19.26%) fungal load of C. lunata was
exhibited in 1S-6335 x IS-9471 at Akola, whereas, IS 2284 « IS 9471 exhibited lowest
values (18,50 and 19.719%) at Patancheru and in pooled data, respectively (Table 10).
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In F, diallel set (Table 14), 36 crosses exhibited negative heterosis, but
it was not significant. The range was ~36.13 to ~0.55%, highest negative heterosis
was exhibited in ICSB-101 B x IS-6335 (-36.13 %) followed by SRT- 26B « 1S-9471
(-34.29 %) and SPV-1201 x IS-9471 (-33.01 %) The range of heterobeltiosis was
from ~52.72 to -2.87%, 41 crosses exhibited negative heterobeltiosis, out of which 11
crosses were exhibited significant. The highest negative heterobeltiosis was ¢ xhibited
' by cross ICSB-101 B x IS-6335 (-52.72%) followed by SRT-26B « IS-9471 (-

50.71%) and SPV-1201 x IS-9471 (~49.26 %).
In F diallel set (Table 16), 34 progenies exhibited negative heterosis
The range was from -38.72 (IS-2284 x IS-9471) to 1.17% (SRT-26B « [S-2284),
none of them was significant.  However, 41 progenies exhibited negative
heterobeltiosis but it was not significant. 'The range was from 4525 to  3.94%.
Highest negative heterobeltiosis was exhibited in progeny 1S-2284 - IS-9471 (-
45.25%) followed by 1S-2284 x 1S-6335 (41 39%).
4.2.15 Infection by other fungi
At Akola location the range of variation for parental ines was from 9 34 (AKms-14B)
to 24 67 % (I1S-2284), whereas, at Patancheru the range of variations was from 0 71
(SPV-104) to 6.00°% (ICSB-101B), however in poled data the range of varation was
from 5.18 (AKms-14B) to 15.00% (IS-2284) Among crosses lowest (12 00, 0.71 and
9.00%) fungal load of other fungi was exhibited in AKms-14B - SPV-104, ICSB-
101B x SPV-104, and AKms-14B - SPV-104 at Ahola, Patancheru and pooled data,
respectively (Table 7).

In F, progenies lowest (27.00 20.52 and 8.45%) fungal load of other
. fungi was exhibited in ICSB-101 B » SRT-26B, SPV-1201 - 1S-2284 and AKms-14B

: x SRT-26B at Akola, Patancheru and pooled data. respective (lable 10).
In F, diallel four crosses exhibited negative heterosis but it was not
significant. The highest negative heterosis exhibited by GJ-35-15-15 - 1S-2284 (-
15.66%) followed by 1S-6335 x 15-9471 (-13.94%) and ICSB 101B ~ SPV-104 (-

5.14%). However, 11 crosscs exhibited negative heterobeltiosis, the range was from



0.02 to ~22.22%. The highest negative heterobeltiosis exhibited in GJ-35-15-15 «
IS 2284 (-22.22%) followed by SRT-26 B x IS 9471 (-19.52). None of them exhibited
significant negative heterobeltiosis (Table 14).

In F; diallel set 14 progenies exhibited negative heterosis, but it was not
significant. The highest negative heterosis was exhibited in progeny GI-35-15-15 «
SPV-104 (-29.64%) followed by SPV-946 ~ SPV-104 (-21.40 %) and AKms-14B
% GJ-35-15-15 (-18.18 %), whereas, 20 progenics exhibited negative heterobeltiosis.
The range was —40.00 to —4.15%. The highest negative heterobeltiosis cxhibited
in progeny AKms-14B x GJ-35-15-15 (-40.00%) followed by GJ-35-15-15 x SPV-
104 (-39.80%). None of the progeny exhibited significant negative heterobeltiosis
(Table 16).

Biochemical characters

4.2.16 Proteins

The data relative to mean performance of parental lincs and crosses for biochemical
parameters is presented in (Table 11).

Data revealed, that the range of variation in parental lines for proteins
in sorghum grains varied from 8.93 to 12.94%, however, for crosses the tange was
5.23 to 10.56%. The highest proteins was exhibited by parental lines [CSB-101B
(12.94 %) followed by SRT -26 B (12.41%) and SPV-1201 (12.35%). Among crosses
the highest proteins was exhibited by cross SPV-104 ~ 1S-6335 (10.56%) followed by
SPV-1201 » [S-9471 (10.11%).

Among 45 crosses none of cross exhibited the heterosis in positive
direction, a negative heterosis exhibited in all 43 crosses (Table 17) The highest
negative heterosis was exhibited by cross AKms-14B < SRT 26 B (-27.43%),
followed by AKms-14 B « SPV-946 (-27.27%).

Significant heterobeltiosis was reported in all 45 crosscs in negative

gil‘eaion, and none of crosses exhibited positive heterobeltiosis — The highest

Mterobeltiosis in negative direction was exhibited by cross SRT-26B - 18-9471 (-

:”.36%) followed by SRT-26 B x IS-2284 (-29.15 %).
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4.2.17 Soluble sugars
The mean performance of parental lines and crosses for soluble sugars content is
presented in (Table 11).

Data revealed that parental lines mean values for this character ranged
from 1.2 (SPV-104) to 2.3% (AKms-14B). Among crosses SPV-1201 « 1$-6335 and
SRT- 26B x 1S-2284 (1.8%) exhibited highest and SPV-946 ~ SPV-104 and SPV-
104 x I8-6335. (0.8%) recorded lowest value.

Among 45 crosses (Table 17), only four exhibited the heterosis in
positive direction, the highest being 2.53% (GJ-35-15-15 + 1S-9471) followed by
2.29% (SPV-1201 < IS-6335). Negative heterosis cxhibited in 41 crosses. Ihe
highest significant ncgative heterosis was cxhibited by cross AKms-14B - SRT-26B (-
28.67%).

None of crosses exhibited significant and positive heterobeltiosis. Only
one cross SPV-1201 « IS-6335 (2.29%) exhibited positive heterobeltiosis. Significant
heterobeltiosis was reported in 34 crosses in negative direction.

4.2.18 Tannins
The mean performance of parental lines and crosses for tannins content 1s presented in
(Table-11).

Parental lines range for tannins content was varied from 0.02 (ICSB-
101B) to 5.84 CE 5 (IS-2284). However, crosses range was varied from 0.01 (1CSB-
101B x GJ-35-15-15) t0 3.41 CE %o (AKms 14B - IS 2284).

Among 45 crosses 20 exhibited positive heterosis (Table 17), of which
16 were significant, Cross (SRT-26B - 15-9471) recorded highest  38.64 CL %
followed by (AKms-14B ~ 1S-9471) 36.84 CE %.

Only one cross (SRT-26B ~ SPV-104) exhibited  positive
heterobeltiosis (0.07% ). Twenty seven crosses extubited significant ncgative
heterobeltiosis.



4.2.19 Flavan-4-ols
The data relative to mean performance on flavan-4-ols both extract (methanol +
H+/methanol) content is presented in (Table 11 and Fig. 3).

The range for parental lines for this characters varied from 0.00 to
18.00 Assorg 1, however, for crosses the range was 0.00 to 12.00 Assaq 1. The highest
flavan-4-ols content was exhibited by parental lines 1S-9471 (18.0) followed by IS-
2284 (7.9) and IS-6335 (7.6 Asso ¢ 1).  Among crosses the highest flavan-4-ols content
was exhibited by 1S-6335 x 1S-9471 (12.00) followed by 15-2284 « IS-9471 (11 90
Assog 1)-

Among 45 crosses 25 exhibited positive and significant heterosis, the
range was 52.10 to 5.67% in positive direction (Table 17). Cross SRT-26B « 1S-6335
exhibited the highest positive heterosis (52.10 %) followed by SPV-946 - 15-6335
(52.07%). However, only one crosses recorded negative significant heterosis, 15-2284
x IS-6335 (-14.01%).

Out of 45 crosses 21 crosses exhibited positive heterobeltiosts ol which
four were significant. The highest positive heterobeltiosis was obscrved m (5J-35-15-
15 x SPV-946 (48 37 %) followed by SRT-26B - SPV-946 (41 30°)

Mean performance at AKola, 1995 and 1996

4.3.1 100-grain weight

Data presented in (Table 18) revealed that. parental line SPV-1201 exlubited lighest
100-grain weight (3.04, 2.80, and 2.92 g) in both scason and n pooled data. However,
lowest (1.61 g) valuc was recorded in parental hine [S-2284 1n Akola 95 <cason,
whereas, parental line 1S-6335 exhibited lowest (169 and 1.66 g) gran weight in
Akola 96 season and in pooled data, respectively.

Among crosses maximum 100-grain weight was ecorded m SPV-946
x SPV-104 (3.17 g) in Ahola 1995. whereas, cross SPV-1201 » SPV-104 recorded
maximum (3.40 and 3.28 g ) grain weight in Akola 1996 and in pooled data,
respectively. Cross 1S-2294 < 1S-6335 recorded munimum (1 62, 1.76 and 169 g)
grain weight in Akola 1995, Akols 1996 and in pooled data, respectively.
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Figures 3. Flavan-4-ols of parents and F; crosses at Akola 1995
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3 AKms-14B 13 SPV 1201 x SRI 2R 2% \Rms 4B SRT 268 AVGIIN IS 18 xS 2284
4 SRT-26B 14 SPY 1201 xGJ 351515 29 Akms 1B OIS 1S 18 CIORRERERTIFAIN)
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43.2 Grain hardness

D#ia presented in (Table 18) revealed that parental line SPV-1201 exhibited highest
(9.09, 8.67 and 8.88 kg) grain hardness in Akola 1995, Akola 1996 and in pooled data,
respectively. Cross GJ-35-15-15 » SPV-946 exhibited highest (8.47, 8.70, 8.59 kg)
grain hardness in Akola 1995, Ahola 1996 and in pooled data, respectively.

4.3.3 Endosperm texture

It is observed from (Table 18), that parcntal line SPV-946 recorded (24.10 and
22.00%) comeous endosperm texture in Akola 1995 and in pooled data, respectively.
however, parental line GJ-35-15-15 exhibited (18.00 °6) comeous endosperm texture
in Akola 1996. Whereas, floury endosperm texture (66.95 and 61.40%%) recorded in
Mml line IS-6335 in Akola 1995 and in pooled data, respectively, and (56 95%) in
1S-2284 in Akola 1996. Cross SPV-1201 < GJ-35-15-15 cxhibited (27.25, 21.15 and
24.00%) corneous endosperm texture in Akola 1995, Akola 1996 and in pooled data,
respectively, however, cross SPV-104 < I5-9471 recorded (73.85 and 71.20%) floury
endosperm texture in Akola 1995 and in pooled data, respectively and in SPV-104 -
15-6335 (74.00 %) in Akola 1996.

4.3.4 Electrical conductivity

It is observed from the (Table 18), that lowest clectnieal conductivity (97.00, 105.00
and 101.00 dSm'') was exhibited in parental line IS-9471 in Ahola 1995, Akola 1996
and in pooled data, respectively. However, highest clectiical conductivity was
exhibited by parental line SPV-104 (350.00 and 305.00 dSm™') in Akola 1995 and mn
pooled data, respectively and SRT-26B (300.50 dSm’™") in Ahola 1996.

4.3.5 Days to 50% flowering

Ttis seen from (Table 18), that parental line 1S-6335 extubited minimum (60.00, 66.00
and 63.00 days) flowering and maximum (80.50, 80.00 and 80.25 days) flowcring was
observed in SPV-104 at Akola 1995, Akola 1996 and in pooled data, respectively.
Cross SPV-1201 x SRT-26 indicated maximum value (89.00 and 82.50 days) in Akola
1995 and in pooled data respectively. However, cross SPV-946 - [3-9471 recorded
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maximum flowering 79 00 days n Ahola 1996 season and mumum flowering was
focorded m ICSB-101B « IS-2284, ICSB-101 B 1S-6335, and Ahms-14B « 1S-6335
57 days) in Akola 1995 However, n Ahola 1996 and in pooled data cross SR [-26B
x 15-6335 extubited mummum (359 50 and 358 7 days) flowering, respectincly

‘4.3.6 Plant height

Data presented in (Table 19) revealed that parentat ine Akms-14B recorded minmum
plant height (142 50, 136 00 and 139 25 cm) i both scason and mn poold data,
respectively  However, mavimum (265 00 cm) was recorded n parental Iine 15-2284
in Akola 1995 and (251 00 and 252 25 um) 1n parental line IS-9471 n Akola 1996 and
in pooled data, respectively  Cross ICSB-101B x SPV-104 recordcd mintmum
(150 50 cm) plant height in Akola 1995, however, cross ICSB-101 B « Akms-14B
recorded mintmum plant height (183 00 and 171 50 cm) in Akola 1996 and in pooled
data, respectively

4.3.7 Cob length

It is observed from (Table 19), that parental hne 1CSB-101B mdicated maivmum
(26.60, 26 20 and 26 40 cm) and cross (11-35-15-15  1S-6335 recorded mavimum
(30.90, 3060 and 3075 cm) wob length m both seasons and n pooled data,
respectively

43.8 TGMR

Data presented in (Table 19) revealed that parental ine IS 9471 recordud lowest (150
2.00 and 1 75) and parent AKms-14B recorded highest (4 00 400 and #00) 1GMR
both seasons and 1 pooled data, respectively  Among trosses 25 23 and 22 cross
recorded munimum (2 00) TGMR at both locations and i pooled data respectively
4.3.9 Seed germination

InF, dullel set (Table 19) the range of vanation for parental line was ¢xhibited from
51 00 10 97 00, 29 00 to 86 00 and 40 00 to 90 00 ®o1n Ahola 1995, Ahola 1996 and n
Med data, respectively Parental line GJ-35-15-15 exhibited highest (97 00 %) sced
wmnanon in Akola 1995, Akola 1996 and mn pooled data, parental hne 15-6335
reeorded hughest 86 00 and 90 00°% germumation, respectively  Parental line AKms-
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$4B recorded lowest 51 00, 29 00 and 40 00°% seed germunanion 1n both seasons and m
pooled data, respectively

Among crosses, the highest germmation was recorded n GJ-35-15-15
% JS-6335 and SPV-946 x 1S-6335 (93 00°%) n Ahola 1995 scason In Ahola 1996
snd 1n pooled data, cross SPV-1201 » IS-2284 recorded highest seed germunation
98.00 and 94 50°%, respectively
4.3.10 Infection by F moniiforme
It is seen from (Table 20), that the range of vanation mn b, dallel set was from 0 21
(IS-2284 and GJ-35-15-15) to 34 45% (SRT-26B) in Ahola 1995, whereas, m Ahola
1996 the range was 533 (IS-9471) to 46 00% (AKms-14B) However, in pooled
data the range was 4 51 (IS-9471) to 30 23% (SR1-26B)

Among crosses mimmum (3 34, 6 00 and 4 67%) F momiforme load
was extubited 1n IS-6335 x 1S-9471 at both locations and in pooled data, respectivedy
However, maximum (73 50, and 51 08%) load was recorded 1n cross Akms-1413
SRT-26B mn Ahkola 1995 and n pooled data respectively  Whereas cross SPV-1201
SPV-946 indicated maximum (35 99% ) load m \hola 96 scason
4.3.11 Infection by F' pallidoroseum
1t is observed from (lablc 20) that, all the parental Ines m Ahola 1995 r1ecorded
minimum (0 71%) load, however, frve parents viz SPV-1201, ICSB-101B, Akms-
14B, GJ-35-15-15 and SPV-104 recorded mintmum load m Akola 1996, and i pooled
data,

Among crosses, all the crosses except SPV-1201 15-2284 recorded
minimum (0 71 %) F pallidoroseum load in Ahola 1995, 12 crosses cach m Ahola
1996 and in pooled data
4.3.12 Infection by C lunata
1t is observed from (TLable 20), that in Akola 1995 the range of vanation for parcntal
tines was from 1 46 (SPV-1201) to 45 55% (SPV-104), whercas i Akola 1996 1t was
from 24 00 (IS-9471) to 60 00°% m (GJ-35-15-15), however in pooled data the range
was 15 89 (1S-9471) to 50 66 % (SPV-1201)
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& Among crosses muumum (12 34%) C  funata load was exhibited 1n
{ﬂq'oss SPV-946 x IS-9471 1n Akola 1995 season, however, cross SPV-1201 « 1S-9471
exhibited mummum (18 00 and 19 00%) load 1 Ahola 1996 and in pooled data
Whereas, cross ICSB-101B x SRT-26B mdicated mavmum (5890, 6800 and
83.45%) load n Ahola 1995, Akola 1996 and in pooled data, respectively
4.3.13 Infection by other fungi
Data presented n (Table 20) revealed that in Akola 1995 the range of vanation for
parental lines was from 16 67 (SPV-1201) to 88 89% m (GJ-35-15-15), m Ahola
1996, 9 33 (AKms-14B) to 26 00% (SPV-946) and i pooled data 18 55 (SR1-26B) to
55.11% n (GJ-35-15-15) Among crosses the range of variation was from 8 88
(AKms-14B x SRT-26B) to 46 67% (GJ-35-15-15  SPV-946) in Ahola 1995,
however, it was from 12 00 (AKms-14B + SPV-104) to 37 34% ( Akms-14B  IS-
6335) 1n Akola 1996 and 14 11 (ARms-14B < SR1-26B) to 36 66% (ICSB-1018
18-2284) 1n pooled data
4.4 Combining ability analysis
Combining ability analysis was carried out for 15 characters of Iy and 11 charactars of
F, diallel progenies and results are presented mn ( Tables 21 and 22) respectinedy

The vamance due to  treatments teo further partiioned  using
appropriate expectations of the observed mean squares, mto components of variation
attributable to general combining ability (gea) vanance and specific combining abihity
(sca) vanance The charactenstic results of the above aspects are presented here with
4.4.1 100-gran weight
InF; duallel set, sigmficant variance due to gea and sca ndicated role of additive as
well as non-additive gene action  The ratio of additive to non-additive vanance was
more (1 936) than unity indicating predommnance of additive genc action (1able 21)

442 Gramn hardness
InF, diallel set, vanance due to gea and sca were significant indicating that additive

#'well as non- additive gene actions were important in expression of thig character
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The rano of additive to non-additive vanance was more (1 700) than unity ndicating
predonunance of additive gene action (Table 21)

N Vanance due to gea and sca were significant and thus additnve as well
as non-additive gene action for this character was important 1n F; progenies (1able
22). Lower ratio of 8 gea/ 8% sca than unity (0 378) proved predomunance of non-
additive gene action

4.4.4 Electrical conductivity

In F; diallel set vanance components duc to gea and sca were sigmficant mdicating
presence of additive as well as non additne gene action n the mhentance of this
character Lower ratio of bzgca 8%ca (0728) revealed that the character 1s
predommantly controlled by non-additive gene action (1able 21)

In F; duallel progentes the vanance of gea and sca were sigmificant
proving the importance of additive and non-addittve gene action for the control of this
character But higher ratio of 8'gea s & sa (1 716) mdicated that the additve vene
action 1s more predonunant than non-addstive gene action ( Lable 22)

4.4.5 Days to 50% flowering

Variance duc to gea and sca were significant and thus additive as well as non-additive
gene action for this character was tmportant m F, diallel set (Table 21) T ower ratio of
& goa/ 8% sca than unity (0 974) proved predominance of non-additrve genc action
4.4.6 Plant height

In F, diallel set, variance dug to gea and sca were sigmificant ndreatimg that additive
and non-additive gene action were mportant 1 c\pression o this character
However, lower ratto of 8°gea/ 8° sca (0 443) indicated that non-additive gene action

Was important than additive (1able 21)
In F, diallel progenies, the vartance of gea and sca were significant

proving the importance of additive as well as non-additive gene action for the control
of this character But higher ratio of 8’gea/8’sca (1 227) indicated that the addinve

gene action 1s more predomunant than non additive gene action (Lable 22)



4.7 Cob length

Ia Fy duallel analysis, significant vanance component for gea and sca idicated
additive and non-additive gene action  Higher ratio of 8°gea/d’sca (1 256) than unity
proved that the character 1s primanth governed by additive gene action (lable 21)

In F; duallel set the vanance components due to gea and sua were
significant. This indicated the ewstence of addinve and non-additinve gene action
Higher ratio of 8'gea/s’sca (1967) than unity showed the mportance of additive
genetic vaniance than non-additive genetie vanance (lable 22)

4.4.8 Glume covering

InF, duallel set vanance due to gea was significant, whereas  sca was non-signiftcant
It is there-fore concluded that the character 1s predommanthy controlled by additive
gene action only  Thus 15 further proved by higher ratio (1 293) of &'gea/a 'sea ( Lable
21).

Vanance due to gea and sea were significant i 1y dhallel set (1 ible
22). It 1s therefore, proved that the character 1s governed by additive o well 15 non
additive gene action  In mheritance of this chariter, lower ratio of S gevs st
(0.480) revealed that the character 1s predominanthy controlled by non addinve gene
action
4.4.9 Mesocarp thickness
In Fy dualle] set, sigmificant variance due to gea and sca ndieated role of wditive as
well as non additive gene action [ ower ratio of b’gua/h:sca than umit (0 376) proved
predomunance of non additnve gene action (Table 21)

4.4.10 Threshed grain mold rating

InF, duallel set, sigmificant variance due to gea and sca indicated role of addiive and
non-additne gene action  Higher ratio of SPgealdlsca (1 961) than unity proved that
the character 1s pnmary governed by additive gene action (lable 21)
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In F, duallel progenses the varance of gua and sca were significant
peoving the importance of additive as well as non-additve gene action for the control
of thus character But hugher ratio of 8’gea d’sca (1 187) indicated that the additive
&e action 1s more predorunant than non-additive gene action (Table 22)

4.4.11 Seed germination

il F) duallel set, vanance due to gca and sca were sigmificant indicating presence of
sdditive as well as non-additive gene action in inhentance of this character T ower
ratio of 8’geas8’sca (0 646) revealed that the character 1s predommantly controlled by
non additive gene action (Table 21)

In F; diallel progemes vanance components due to gea and sca were
significant  Thus proved the presence of addiive and non-additive gene action for
control of germmation and there was a lot of useful vanability for the character also
Stmilarly from the ratio of S%geaa’sca (0 772) 1t was clear that additrve as well as
non-additive gene action was equally operating (Table 22)

4.4.12 Infection by F' monsdiforme

InF; dallel set, varance due to gea and sc1 were observed sigmficant mdicating that
additive as well as non-additive gene actions were mportant m cxpression of this
character The ratio of additive to non-additive vanance was more (1 573) than umity
indicating predominance of additive gene action ( Table 21)

In F; diallel set vanance duc to gea was significant, whereas  sea was
non-significant It 1s thereforc concluded that the character 15 predominantly
controlled by additive gene action only  Howexer lower ratio (0 725) of Syea S
revealed that the character 15 predomuantly controlled by non-additive gene action
also (Table 22)

4.413 Infection by F pallidoroseum
InF, diallel set vanance due to gea was non-significant and sca was significant It 1s
therefore, appears that the character 1s controlled by non-additive gene action only

This 15 further proved by lowcr ratio (0 043) of & gea 8°sca (Table 21)
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In F, duallel set vanance due to gea and sua was non-significant
However, the ratio of 8'gea/s’sca was obsenved to be (0 045) which 1s indicative of
fon additive gene action ( Table 22)
4.4 14 Infection by C lunata
The vanance due to gea was significant and sca was non-significant in I, duallel set
(Table 21) It s therefore oncluded that the character s predommantly controlled
by additnve gene action only  This 1s further proved by higher ratio (4 068) of
8lgeaisisca

In F, duallel set vanance due to gea and sca was sigmficant and non
significant. respectively (Table 22) It 1s therefore concluded that the character 1s
predomumnantly controlled by additive gene action only  This is further proved by veny
high ratio (49 780) of d'eca 8'sca
4.4.15 Infection by other fungi
InF, diallel set variance duc to gea was non signticant and sca was sigmificint - The
ratio of S’gca/bzsca was also observed to be less than umty (0 082) which indicated
that this Jharacter 15 predommantly governed by non additive gene sction (ible
21)

Vanance due to gea was significant however  scr was non sigmifteant
m F, duallel set (Table 22) The ratio of o gea a%sea was higher (1 845) which indicated
the predomunant of additive gene action 1 the mherifance of this trat It 1s therelore
conchuded that the character 15 predominantly controlled by 1dditive gene achion only
Blochemical characters
4.4.16 Proteins
InF, duallel st significant variance due to gea and sc1 mdeated roke of wditive as
well as non additive genc action in the mhentance of this character  The ratio of
additive to non-additive vartance was (0 101) lower than umty revealed that the

character 13 predomunantly controlled by non additive gene action ( 1able 23)
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" 417 Soluble sugars
g,n-iance due 1o gea and sca were significant and thus additive as well as non-additine
genc action for thus trait was important in by daallel set (Table 23) However, ratio of
s'gcalﬁzsca than unity (0 313) proved predominance of non-additive gene action
4,4.18 Tannus
In F, duallel set, vanance due to gea and sca were to be sigmificant mdicating that,
additive as well as non-additive gene actions were important i evpression of this
character The rato of additive to non-additive vanance was more (3 192) than umty
indicating predommance of addittve gene action (Table 23)
4.4.19 Flavan-$-ols
In F, dallel set vanance components due to gea and sca were sigmificant indieating
presence of additiv ¢ and non-additive gene action m inheritance of this character  But
higher ratio of §'gea/’sca (4 821) mdicated that the addiine gene action 15 more
predominant than non-additive gene action ( lable 23)
4.5 Estimates of general combining ability efTects
The general combining ability eftects were calculated tor all the 15 charactas i 1,
and 11 characters mn 1, for pooled over locations  The character wise results are
presented below
4.5.1 100 grain weight
The data relative to gea eftects for 100-grain weight are presented m - (Lable 24)

Among 10 parental ines n 1, dialld st only one parental hne GJ-3

15-15 (0 132) enhubited significant gea i posiive direction Remainino parental
lines, exhibited erther non-significant gea or significant ged i negative direetion
Thus, thev mas not be of any usc m breeding program as far as 100-grain weight 1
concerned
4.8.2 Grain hardness
Hard gramn 15 a desirable character for gram meld resistance In 1y dalle] set, frve
parental lines recorded significant positive gea cffects Parental linc [5-9471 cshibited
Higher (0 843) significant gea estimates, followed by AKms-14B. (0 784), SRI-268
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@.677), 15-6335 (0 464) and GJ-35-15-15(0 429) These parental lines can be sard as
fghod general combmers (Table 24)

Rest of parents have extubited non significant gea or signficant gea m
negative direction and hence, may not be useful in breeding program for thus trait

In F; (Table 25) progentes all the parental lines showed significant
positive gea effects SRT-26B recorded hughest gea (1 568), followed by IS 9471
(1.388), SPV-1201 (1 301) and IS-6335 (1 295)
4.53 Endosperm texture
Comeous endosperm texture 1s deswrable character for gran mold resistance
Therefore, negative and significant gea effects are deswrable It 1s rovealed from the
data (Table 24) that, all the 10 parental lines exhibited significant negative gea ufficts
Higher sigmificant negative gea effects was exhubited by parental lines Akms 14B (
17.316) followed by SPV-104 (-8 400) SRT 26B ( 7 858) wnd GJ-35-15-15 ( 6 212)
Thus these parental lines can be identified as best gencral combners for «ndosperm
texture
4.5.4 Electrical conductivity
Low electrical conductivity 1s desirable character for gram mold resistance  Therctore
negative and sigmificant gea effects are desirable It 15 revealed from the data (1able
24), that none of the parental lines exhibited significant negative gea cffects i 1,
crosses  However minimum significant positive effect was observed i I 35 1515
(44 042) and SP\ -946 (65 792)

However, n 1, diallel (Table 25) scven parents «xhibited sigmficant
negative gea effects The hughest significant negative gea cffects exhibited by (1] 35
15-15 (-121617) followed by SPV-1201 (-101 451) SPV 946 ( 78284) and 1S
2284 (-59 117) all are significantly supertor to It parental line SPV 104 ( 21 992)
4.8.5 Days to 50% flowering
In sorghum breeding program, earliness 1s one of the objectne for sclection of
genotypes and negative gea effects of hugher magnitude are always favoured In |y
dialle] set parental line SPV-1201 (-8 375) appeared to be the best general combiner
for earliness exhibiting highly significant and negative gea effects (T able 24)
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456 Plant height

Dwart to mid dwarf plant type 15 a desrable charactar  Therotore negative gea cftects
are apprectated  The gea cstimates for plant haght for 1y diallel set s presented m
(lable 24) It s revealed from the data that all the parcntal lines exlibited signiticant
negative gea effects  The huighest  signiicant negatine oca cfleuts was oalubited
by SPV-1201  (-68 667) followed by IC SB-101B (<66 042) 15 2284 (-39 167) and
Akms-14B (-57 167) Thus these parental lines can be dentified as the best generl
combinuts for mtroducing dwatfness In b dhallel set four parental ines SR1 =26 B (
41734), ARms- 14 B (-34722) ICSB-101 B ( 15434) and IS 7284 (-11005)
exhibited sigmificant negative gea effeets (Lable 25)

4457 Coblength

In F, dallel set general combining ability ffects the 1ange for the charactu cob
length was 0446 to 2774 m all the parental Ines — None  of the pasental ling
exhibited significant positive gea offects (Lable 24)

In I, dallel st (Lable 25) only one parental hine SPV-1201 (0 072) exhubited
positive gea effects while all others recorded sigmibreant negative gea effects oveept
SRI-26 B (-0 349)

4.58 Glume covering

Maximum glume covering 1s 4 desirable characters for grain mold resistance therctore
positive gea effects of higher magnitude are desirable  In |y dialiel (Table 24) tour
parental hines oxhibited sigmiscant positive gea ffcets the hughest bemng recorded by
ICSB-101 B (10 511) followed by 15-2284 (8 428) 1S 9471 (7 386) and SPV 1201
(3220) 1lhus thesc parcntal lincs can be dentifd as best general combmers for
glume covering In F, duallel set (1able 25) five parental limes recorded signtftcant gea
effects m positive dircction viz 15-6335 (11 701) SPV-1201 (5 576) ICSB-101 B
(4.451) AKms- 14 B (2 742) and SRT 26 B (1 742)



4.5.9 Mesocarp thickness

Thin mesocarp thickness is desirable character for grain mold resistance. Therefore,
negative gea effects are appreciated. The gea cstimates for mesocarp thickness for I,
diallel set is presented in (Table 24). It is revealed from the data that, four parental
lines exhibited significant negative gea effects SRT - 26 B (-6.767), AKms-14B (-
3.499), SPV-946 (-3.475) and SPV-1201 (-2.605). Thus these parental lines can be
identified as the best general combiners for introducing thin mesocarp.
4.5.10 Threshed grain mold rating
Low thresh grain mold rating is desirable character, negative gea effect of higher
magnitude are desirable. In I diallel (Table 24) none of the parental line exhibited
significant negative gea effects. However, parental line SPV-946 exhibited negative
gea effects (-0.038). In F, diallel set (Table 25) nonc of parental line exhibited
significant negative gca effects.
4.5.11 Seed germination
In F, diallel set (Table 24) all the parental lincs exhibited significant negative gea
effects. The range was from (-3.858) in SPV- 946 to (-17.589) in ICSB-101 B. The
maximum significant gca effects was exhibited parental lines by 1CSB-101B (-
17.589) followed by IS-6335 (-15.505). In I, diallel set (Table 23) all the parental
lines recorded significant negative gea effects. “The range varics from (-5.933) in IS-
228410 (-16.271) in AKms-14 B.
4.5.12 Infection by F. moniliforme
In F, diallel set only two parental lines GJ-35-15-15 (-0.934) and SPV 946 (-0.708)
exhibited negative gea effects and can be considered as good gencral combiners for
this traits (Table 24).

In F; diallel sct (Table 25) seven parental lines viz.  IS-9471 (-
15.954), IS 6335 (-14.268), 1S-2284 (-13.818), SPV-104 (-10.343), (3J-35-15-15 (-
7.828), SPV-1201 (-3.558) and SPV-946 (-2.989) exhibited negative significant gea
effects. Thus these parents can be identificd as good general combiners for grain mold

resistance against the infection 7. moniliforme . Parental lines 1S-9471 (-15.954), IS-
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6335 (-14.268) and 1S-2284 (-13.818) exhibited highest significant gea effects proving
its significance over other parental lines and hence can be considered as best general
combiners for this traits.

4.5.13 Infection by F. pallidoroseurm

In F; diallel set, five parental lines AKms- 14 B (-3.555), SPV-104 (-2.195), 1S-2284)
(-1.164), 1S-9471 (-1.002) and SPV-946 (-0.985) exhibited significant negative gea
estimates and hence can be identified as good general combiners (Table 24). In I,
diallel set (Table 25) only two parental lines 1S-2284 (-0.493) and IS-6335 (-0.329)
were the good general combiners giving highest negative gea effeets.

4.5.14 Infection by C. lunata

InF, diallel set, only one parental linc SPV-104 (-2.941) exhibited significant negative
sca effects, and hence can be considered as best general combiner for this trait (Table
24). In F; diallel set two parental lines SRT -26 B(-1.061) and 1S-6335 (-0.505)
exhibited negative gea effects, hence can be considered good general combiners for
this trait (Table 25).

4.5.15 Infection by other fungi

In F, diallel set, nine parental lines cxhibited significant negative gea cffeets. First
three higher magnitude parents were SPV-1201 (-6.727), AKms-1413 (-6.336) and
SRT-26B (-4.896). Thus these can be uscd for best combines for this trait (Table 24).
In F; diallel set, among 10 parental lines five ICSB-101B (-5.706), SRT-26B (-
3.696), AKms- -14 B (-3.168), SPV-1201 (-2.463) and [5-6335 (-1.619) exhibited
negative and significant gea effects and thus can be identilicd as a best general
combiners for this trait (Table 25).

Biochemical characters

The general combining effects estimates were computed for biochemical characters
viz. proteins, soluble sugars. tannins and flavan-4-ols for Akola 1995 location and ar¢
presented in (Table 26).

4.5.16 Protein

1t is observed from (Table 26), .that all the parental lines exhibited highly significant
gca in desirable direction however, parental lines AKms-14B exhibited the highest
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(0.801) significant gca in desirable direction followed by SRT-26 B (0.787), ICSB-
101B (0.637), GJ-35-15-15 (0.619), and SPV-946 (0.616) and thus they can be
identified as good general combiners for proteins content.

4.5.17 Soluble sugars

All parental lines except two exhibited highly significant gea in desirable direction
however, highest (0.280) significant gea in desirable direction was exhibited by
parental lines AKms-14B, followed by SRT-26B (0.197), SPV-104 (0.167), SPV-946
(0.112) and ICSB 101 B (0.109) indicating that they are best general combiners for
this character (Table 26 ).

4.5.18 Tannins

Out of 10 parents only three parental lines [S-2284 (0.815), 1S-6335 (0.790), and Is-
9471 (0.590) exhibited significant gea in desirable direction, indicating thereby, that
they are best gencral combiners. Remaining parents exhibited significant or non
significant gea effects in negative direction.  Ience they can be said as poor general
combiners (Table 26).

4.5.19 Flavan-4-ols

Out of 10 parental lincs, only three parental line viz. 1S-9471 (1.851), 15-6335 (0.578)
and [S-2284 (0.469), exhibited signiticant gea effects in desirable direction and hence
considered as good combiners. Ilowever, all others seven parental lines exhibited
significant gea effects in negative direction and hence can be said as poor general
combiners (Table 26).

4.6 Estimates of specific combining ability effects

The specific combining effects were calculated for 11 characters in |y and seven
characters in F, for pooled over locations. The character wise results are presented
below.

4.6.1 100-grain weight

The relative estimate due to sca effects for 100 grain weight is presented in (Table 27).
In F, diallel set four crosses exhibited significant positive sca effects for 100-grain
weight. The highest significant positive sca effects was exhibited by SPV-1201x
SRT-26 B (0.336) followed by AKms-14B x 1S-6335 (0.296), ICSB-101B x SPV-104
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(0.227) and SPV-1201x SPV-104(0.207) and hence these crosses can be identified as a
best specific combinations for 100-grain weight. Negative and significant sca
estimates were exhibited by three crosses SPV-1201x SPV-946 (-0.326), ICSB-101 B
x AKms-14 B (-0.227) and ICSB-101B x SRT-26B (-0.224) which proved poorer.
Rest crosses recorded non significant sca effects.

4.6.2 Grain hardness

Specific combining ability effects with positive and significant values were exhibited
by two crosses (Table 27) out of 45 crosses in Fy diallel sct. The highest positive sca
effects was observed in SPV-1201 x GJ-35-15-15 (0.948) followed by AKms-14B x
18-2284 (0.760) hence, these two crosses appeared to be best specific combinations
for grain hardness. On the contrary three crosses exhibited negative and significant sca
effects and hence these are the poorer for grain hardness. In F, diallel set (Table 29)
only one progeny SPV-946 x 1S-2284 (1.098) cxhibited significant and positive sca
effects, hence can be observed as best specitic combination for grain hardness.

4.6.3 Endosperm texture

Comeous endosperm ftexture is considered as a desirable character for grain mold
resistance. Significant and negative sca cfltects are therefore considered for assessing,
crosses. In F, diallel set three crosses exhibited significant negative sca cflect for
endosperm texture. The highest significant ncgative sca ctfect was exhibited by cross
1S-6335 x 1S-9471 (-7.604) followed by 1S-2284 - [S-6335 (-7.354) and SPV-1201 -
GJ-35-15-15 (-6.283). These three crosses appeared to be best specific combinations
for this trait (Table 27).

4.6.4 Electrical conductivity

Lower electrical conductivity grain leachates is considered as a desirable character for
grain mold resistance. Significant and negative sca cffects are therefore considered for
assessing crosses. [n Fy diallel set 11 crosses exhibited significant and negative sca
cffects (Table 27). The cross SPV-104 - IS-9471 (-120.063) was found most
promising and significantly superior to remaining 10 crosses.  Some of these ten
showing better combinations were SPV-104 - 1S-6335 (-76.813), AKms-14B - IS-
6335 (-68.00) AKms- 14B - 1S-9471 (-68.00), SRT 26-B - SPV-104 (-66.917) and
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SRT-26B x IS-6335 (61.146). Three crosses vielded positive and significant sca
effects. Rest of crosses did not show any significance in their sca effects for this trait,

In F, diallel set (Table 29) seven crosses exhibited significant and
negative sca effects. These crosses were AKms- 14 B x 1S-6335 (-76.284), followed
by SRT-26 x IS-9471 (-66.722), SRT-26B ~ GJ-35-15-15 (-50.451), SPV-1201 - IS-
6335 (-49.909), SPV-104 x IS-9471 (-46.576), GJ-35-15-15 « 15-2284 (-45.867) and
SPV-946 x IS-9471 (-38.347). As against this nine crosses exhibited signiticant
positive sca effects and hence appears poor combinations for this trait.
4.6.5 Days to 50% flowering
Since sclection of genotype towards carly maturity is desirable in sorghum, negative
and significant sca effects are therefore considered for assessing crosses. In Iy diallel
set 11 crosses exhibited significant and negative sca effects (Table 27). The highest
significant negative sca effects for first five crosses were exhibited by SPV-104 -+ 1S-
9471 (-7.813) followed by SPV-104 x I$-6335 (-4.750), SPV-946 + 1$-2284 (-4.646).
SPV-946 x IS-9471 (-4.646) and SRT-26-B - 1$-6335 (-4.532) hence, these
crosses may be good for carliness.  Seven crosses exhibited significant and positive
sca effects, while remaining crosses exhibited non-significant sca eflect.
4.6.6 Plant height
Among 45 crosses. negative and significant sca cftects were found in 10 crosses
(Table 27) in F, diallel set. The highest negative and  significant sca cffects was
exhibited in SPV-1201 « SPV - 946 (-54.208) followed by SRT-26B - (jJ-35-15-
15 (-34.000) and ICSB-101 BB « AKms-14B (-30.359) exhibited significantly suprior
negative sca effects over seven crosses. Considering higher magnitude of negative sca
effects these crosses proved to be best specific combinations.

Twenty two crosses cxhibited significant and positive sca eflects, the
highest recorded by SRT-26B - 1$-2284 (49.688) and lowest by SPV-104 - 15-6335
(14.333). Rest parents have exhibited non-significant sca cffects. In Iy diallel sct
(Table 29) only two progenies exhibited significant and negative sca effccts  SRT 26
x GJ-35-15-15 (-31.463) and SPV-946 « [S-2284 (-21.617) which proved best specific
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combinations. However, eight progenies recorded significant and positive sca effects,
which appears poor combinations for this trait. The highest significant positive sca
cffects was recorded in SPV-946 - 1S-6333 (50.985) and lowest by SPV-1201 ~ GIJ-
35-15-15(20.222).

4.6.7 Cob length

InF) diallel set the range for sca effects was from ~0.037 (GJ-35-15-15 ~ SPV-104) to
2.455 (SPV-104 x 1S-6335).  Four crosses exhibited significant and positive sca
cffects SPV-104 x IS-6335 (2.455) AKms-14B ~ GJ-35-15-15 (2.316), SPV-1201 «
15-9471 (2.280) and ICSB 101 B « SRT -26B (2.103) which appeared best specitic
combinations. Three crosses exhibited significant and negative sca effects (J-35-15-
15 x SPV-946 (-2.972), 1S-2284 ~ 1S-9471 (-2.166) and SPV-1201 - ICSB-1018 (-
‘2.161), categoriscd as undesirable for sca cffects combinations.  Rest of parents have
exhibited non significant positive or negative sca effects (Table 27).

In F, diallel set (Table 29) three progenies exhibited significant and
positive sca effects GI-35-15-15 « [S-2284 (3.722), SPV-946 - 1S-6335 (2.645) and
ICSB-101B x AKms-14B, (1.872) all these crosses may be considered as better
specific combinations for this trait.  Only one progeny exhibited significant and
negative sca combination SRT-26B « 15-2284 (-2.628).

4.6.8 Glume covering

Maximum glume covering is considered as desirable character.  Significant and
positive sca effects. The highest significant positive sca cffccts was exhibited 1CSB-
101B x IS-6335 (11.553) followed by AKms- 14 B - SPV-946 (11.032) and AKms-
14B x GJ-35-15-15 (10.511) thus these crosscs appeared best combinations for glume
covering trait. [our crosses exhibited significant ncgative sea cffects. While rest did
not exhibited any significant sca ¢ffects.(Table 27).

Among 45 progenies in I, diallel set three exhibited significant sca
effects in positive direction. The highest was exhibited by SPV-946 - 15-6335
(11.617) followed by SPV-104 . IS-2284 (10.180) and GI-35-15-15 - 1S-2284
(8.388). Four progenies recorded significant negative sca cffects. (Table 29)



4.6.9 Mesocarp thickness

Thin mesocarp thickness is desirable character for grain mold resistance. Therefore.
negative gea effects are appreciated. The sca effects for mesocarp thickness for T,
diallel set is presented in (Table 28). It is revealed from the data that, 22 crosscs
exhibited significant and negative sca effects. Few of these higher magnitude crosses
were SPV-104 x IS-2284 (-26.604), ICSB-101B ~ IS-6335 (-22.195), [CSB-101B »
1S-2284 (-22.031) and SPV-104 - 1S-6335 (-21.485). Thus these crosses appeared
best combinations for mesocarp thickness. Twelve crosses exhibited signiticant and
positive sca effects, cross SPV-1201 « AKms--14B exhibited highest (19.318) while,
cross GJ-35-15-15 « SPV-104 exhibited lowest (6.334) value. Thus these crosses are
of no use for this trait. Rest did not exhibited any significant sca effects.

4.6.10 Threshed grain mold rating

Low TGMR is a desirable character, negative sca cffect of higher magnitude are
desirable. In F, diallel set Among 45 crosses, 11 crosses exhibited significant and
negative sca effccts which range from -0.913 in (AKms- 14B < IS-6335) to 0.319
(SPV-1201 x GJ-35-15-15). Crosses, AKms-14B - 15-6335 (-0.913), AKms- 14 - IS-
9471 (-0.871) and AKms-14B « 13-2284 (-0.767) of higher magnitude appeared best
specific combinations for this trait. Eight crosses exhibited significant and positive
sca effects which range from 0.733 in (IS-2284 - [S-9471) to 0.420 in ((iJ-35-15-15 -
SPV-946). Hence thesc crosses can be grouped under poor specific combinations for
this trait (Table 28).

In I, diallel sct, only four progenics exhibited significant and negative
sca effects the highest exhibited by SPV-1201 - ICSB-101B (-0.388) followed by
AKms-14B x [S-9471(-0.381), ICSB-101 B » SPV-104 (-0.367) and AKms- 148 -
1S-6335 (-0.346) hence proved to be best specific combinations for this trait (Table
29). Rest all others have exhibited negative and positive non-significant sca effects,
hence these progenics appear undesirable.
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4.6.11. Seed germination
Positive and significant sca effects for germination percentage was exhibited in 15
crosses in Fy diallel set (Table 28). The highest being 15.185 (AKms-14B « [S-6335),
followed by AKms-14B x 1S-9471 (12.769), IS-2284 x IS-6335 (10.839), ICSB-101B
x 1S-9471 (10.526) and SPV-104 « IS-9471 (10.111) ranked 1% to 5% and exhibited
the highest positive and significant sca estimates, hence these crosses can therefore be
identified as best specific combintions for improving germination. Negative and
significant sca effects were exhibited by four crosses which appear to be poor
combinations for this trait.

In I, diallel st cight progenics exhibited positive and significant sca
effects (Table 29). Highest significant sca effects were exhibited by AKms-14B « [S-
6335 (9.286) followed by AKms-14B « (J-35-15-15 (8.175), SPV-1201 « SRT-26B
(8.170), SPV-946 « 1S-6335 (8.017), ICSB-101B « AKms-14B (7.184), SPV-946 -
SPV-104 (7.053), AKms-14B x IS-9471 (6.604) and SPV-1201 « SPV-104 (6.478).
Hence these crosses proved best specific combinations for improving yermination.
All others have exhibited non significant positive and negative sca effects.
4.6.12 Infection by F. moniliforme
Minimum fungal load is a desirable character for grain mold resistance.  Significant
and negative sca effects are therefore, considered for assessing crosses.

In F, diallel set, four crosses ICSB-101B + 1S-6335 (-10.017), SPV-104
x 18-6335 (-9.795), AKms-14B « I$-6335 (-9.259) and SPV-104 - IS-2281 (-8.392)
exhibited significant negative sca cffects hence considered as best specific
combinations for introducing resistance against <. moriliforme.  Rest crosses
exhibited non-significant and negative sca effects or positive sca clfects, hence cannot
be considered for this trait (Table 28 ).

In F, diallel set sixteen progenics cxhibited negative sca cffects,

Considering higher magnitude of negative sca effects, first three good  sca
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combinations for this trait were SRT-26B x SPV-104 (-6.582), SRT-26B « SPV-946
(-6.425) and SPV-1201 x 1S-2284 (-5.028) (Table 29).

4.6.13 Infection by F. pallidoroseum

Negative and significant sca effects arc considered for evaluating the crosses in
respect of fungal load of F. pallidoroseum. In F, diallel sct, three crosses ICSB-101R
x 15-2284, SPV-946 x SPV-104 and GJ-35-15-15 - SPV-946 cxhibited negative and
significant sca effects, hence these can be considered, good for specific combinations
for introducing resistance against F. pallidoroseum (Table 28). In I, diallel set only
one progeny (ICSB-101 B « IS-6335) exhibited negative and significant sca effects (-
2.567) and hence this can be considered the best specific combinations (Table 29 ).
4.6.14 Infection by C. [unata

bThirty crosses exhibited negative sca effect in Fy diallel set (Table 28) considering
higher magnitude of negative sca effects, first three good sca crosses considers tor
this trait were, ICSB-101B < SPV-104, SPV-946 < [S-2284) and SPV-1201 - IS-
9471 (Table 29.)  In F, diallel set, two progenies SRT-26B - GJ-35-15-15 and
AKms-14B x SPV-104 cxhibited significant negative sca cffects, which can be
considered as good sca combinations for infroducing resistance against € funtu
(Table 29)

4.6.15 Infection by other fungi

Twenty crosses exhibited negative sca effects in Iy diallel st (Table 28) considering
higher magnitude of negative sca effects, first three good combinations for this trait
were GJ-35-15-15 « 1S-2284, ICSB-101B « SPV-104 and [S-6335 - IS-9471. Three
crosses SPV-1201 - SRT-26B, AKms- 14 B - 1$-6335 and SPV-1201 - SPV-946
exhibited significant positive sca effects. hence were poor combinations. In I, diallel
set 21 progenics exhibited negative sca effects.  Considering higher magnitude of
negative sca cffects, first three good combinations for this trait were AKms-148 -
SRT-26 B, AKms-14B » GJ-35-15-15 and AKms-14B - SPV-946. Onc progeny
AKms-14B x 1S-9471 cxhibited significant positive sca cffects (Table 29).



Biochemical characters

The specific combining ability effect were calculated for 4 biochemical characters viz,
Proteins, soluble sugars, tannins and flavan-4-ols for Akola 1995 location and are
presented in (Table 30).

4.6.16 Proteins

Data (Table 30), revealed that the highest positive sca effect was observed in SPV-
1201 x IS-9471 whereas, lowest was observed in SPV-1201 « GJ-35-15-15. Among
45 crosses eight crosses cxhibited positive and significant sca effect. SPV-1201 - IS-
9471 exhibited highest (0.278) sca effect followed by 1S-6335 « 1S-9471(0.240), SPV-
1201 x 18-2284) (0.181), AKms-14B - IS=6335 (0.175), SPV-104 - 15-633 (0.175),
SPV-104 x IS-2284 (0.119), IS-2284 « IS-9471 (0.106) and SPV-946 - SPV-104
(0.070). Therefore these crosses can be identificd as a best specitic combines can be
identified as best specific combinations for protein content. On the contrary 31
crosses exhibited negative and significant sca effects, henee these can be treated as
poor specific combinations for protein content.

4.6.17 Soluble sugars

Twenty crosses exhibited significant sca effects. Out of which only three exhibited
significant positive sca effects (GI-35-15-13 + SPV-104 (0.095), SPV-1201 - [S-6335
(0.089) and AKms- 14B + [S-9471 (0.080). hence these crosses can be identified as
good specific combinations for soluble sugars (Table 30). On the contrary 11 crosses
exhibited negative and significant sca cflects. the highest being observed in AKms-
14B x SRT-26B followed by AKms-14B - (5J-35-15-13 and SPV-104 - 15-6335,
hence these crosses can be treated as poor specific combinations for soluble supars
content.

4.6.18 Tannins

Out of 45 crosses, 20 crosses cxhibited significant and positive sca effects and 20
crosses exhibited significant sca effect n negative direction. Crosses 15-2284 - I5-
6335 exhibited highest positive and significant sca effects (0.763) followed by AKms-
14B x IS-2284 (0.344), SRT-26 - IS-9471 (0.302) SRT-26 - [$-6335 (0.299), AKms-
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14B x IS-9471 (0.283), SPV-1201 x IS-9471 (0.244), SPV-104  IS-6335 (0.234) and
SPV-104 x IS-9471 (0.233). Therefore these crosses can be identified as a best
specific combinations for tannin content (Table 30). On the other hand out of 20
crosses which exhibited negative and significant sca effects, the highest being
observed in IS-2284 x IS-9471 (-0.408) followed by IS-6335 + IS-9471(-0.291),
AKms-14B x SRT-26B (-0.146). and SPV-1201 « ICSB-101B (-0.125) can be treated
as poor specific combinations for tannins content.

4.6.19 Flavan-4-ols

Significant sca effect in positive direction were exhibited by 17 crosses (Table 30).
These crosses exhibited the range of 0.072 to 0.635 sca cffects, the highest being
exhibited by AKms-14B « [S-2284 (0.635), followed by SRT-26B - 18-6335 (0.596),
SPV-946 x IS-6335 (0.586), SPV-104 ~ 1S-6335 (0.530), SPV-104 « IS-9471 (0.4.6).
AKms-14B x 1S-9471 (0.405) and SPV-104 « 1S-2284 (0.391), hence these crosses
can be identified as best specific combinations for flavan-4-ols content,

However, 16 crosses exhibited significant negative sca etfects. These
crosses exhibits the range of 0.075 to 0.749 sca effects, the highest being indicated
by 15-2284 x [S-6335 and lowest by ICSB 1018 - SPV-104. Hence these can be
treated as poor specific combinations for flavan-4-ols content.

4.7 Protein fractions

4.7.1 Albumin and Globulin

Protein fractionation was carricd out for all the parental lines and Iy crosses (20 of
Akola 1995 season. Results are presented in (Table 31). Itis observed from the data
that, the range of variation for albumin and globulin for parental lincs was from 1.81
(1S-2284) to 20.63% in SRT-26. For crosses. the range was from 7.90 (IS-2284
1S-9471) to 16.74% (SPV-946 » SPV-104).

4.7.2  Prolamin

It is observed from (Table 3land Fig. 4), that maximum (9.09 %) prolamin was
recorded in parental lines AKms-14B followed by SPV-1201 (6.96 %) and (;J-35-13-

15 (6.47 %), however, minimum prolamin was observed in  1S-2284 (0.70 ).
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11 SPV-1201 x SPV-946
12 SPV-1201 x SPV-104
13 SPV-1201 x 18-9471
14 ICSB-101B x SPV-946
15 1CSB-10113 A SPV-104
16 1CSB-101H x15-9471
17 ARNms-14B < SPV 946
18 ARms- 1413 x SPV-104
19 ANms-141 ¢ 189471
20 SRT-2613 x SPV-946

21 SR1-261 A SPV-104
22 SRI2613x 18 9471

23 GRIS-1S 15 SPV940
24GJI5-15-15 ¢ SPV-104
25 GJ-3S-15-19 1189471
26 SPV-946 x 104

27 5PV-946 x 71

2R SPV-104 x 159471
2918-2284 « 189471
0186335 1 159471
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Among crosses, cross (GJ-35-15-15 « SPV-946) exhibited maximum proamin (4.72
%), however, minimum prolamin was recorded in (IS-2284 ~ [S-9471) 0.38 %,

4.7.3 Cross-link prolamin

It is observed (Table-31, Fig. 4), that parental lines SPV-104 exhibited maximum
(14.92 %) cross-link prolamin followed by SPV-946 (13.62 %) and (iJ-35-15-15
(13.39 %), minimum was observed in 1S-2284 (5.24 %). Among crosses, maximum
(13.09 %) cross-link prolamin was recorded in SPV-1201 ~ SPV-104 followed by
SPV-1201 x SPV-946 (12.89 %), minimum (3.99 %) was recorded in SRT-261 - 1S-
9471.

4.7.4 Glutelin-like

It is observed (Table 31) that parental lincs 1S-6335 exhibited maximum (12.69%%)
glutelin-like, followed by 1S-2284 (12.39%), minimum value (2.46%) was recorded in
AKms-14B. Among crosses, maximum (10.88%) glutelin-like was indicated in SPV-
1201 x IS-9471 and minimum (0.96 ®5) in [S-6335 < [S-9471.

4.7.5 Glutelin

It is observed form the data (Table 31),that, the range of variation for parental lines
was from 27.90 (ICSB-101 B) to 68.27% (IS-2284). Among crosses, the range of
variation was from 26.62 (SRT-26B » [S-104) to 51.96% (SPV-946 - 15-9471)

4.7.6 Residues

It is indicated (Table 31) that the range of variation for parental fines was from 7.26
(1S-2284) to 11.46% (AKms-14B).  Among crosses, the range of variation was from
2.70 (SPV-1201 < SPV-104) to 11.46% (SRT-26B - [5-9471).

4.8 Glume color, grain color and testa

It is observed from data (Table 32) that three parental lines [5-2284. 15-6335 and I5-
9471 with colored grain had a testa layer or sub-coat, whereas, seven parental lines
with white grain did not show black reaction with bleach test indicating absence of
testa. Among F) crosses, 24 (crosses with colored parental lines) out of 45 crosses
observed colored grain and exhibited black reaction with bleach test indicating

presence of testa. Remaining 21 crosses with while grain did not show black reaction
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with bleach test thus confirm the absence of testa laver. The above observations were

confirmed by section cutting, where colored grain observed to have testa layer or sub-

coat and white grain did not have the testa layer. Observations on glume cover were

recorded just to provide additional information to the breeder.

4.9 Fungal load on germinated and ungerminated seeds (pre-treated

and untreated)

Effect of seed pre-treatment (0.1% HgCl,) on germination and seed mycoflora of both

germinated and ungerminated seed of parental lings, £ crosses and I, progenies from

Akola and Patancheru centres during 1996 were studied. Comparison of two scasons

at Akola centre of parental lines and Ficrosses during 1995 and 1996 were also

studied. The details of obscrvations have been narrated under following subheads.

o Fungal load on germinated seeds, Akola and Patancheru, 1996

o Fungal load on ungerminated seeds, Akola and Patancheru, 1996

o Fungal load on germinated sceds, Akola, 1995 and 1996

o Fungal load on ungerminated sceds, Akola, 1995 and 1996

4.9.1 Fungal load on germinated seed, Akola and Patancheru, 1996

.4.9.1.1 Seed germination

Higher germination of the seed is the desired trait for the breeders as well as farmers.

Grain mold is an important factor in reduction in germination in sorghum.  Many

molding fungi remain confined to the surface and hence effect of pre treatment of sced

was studied. Method of pre-treatment of seed is described in materials and methods.
Germination percent recorded on standard blotter tests method on

treated and untreated sced. In F, diallel sct (fable 33), the range of variation lor

parental lines was exhibited from 59.57 t0 93.67, 5.00 to 80.67 and 33.00 10 87.00% at

Akola, Patancheru and in pooled data, respectively. Parcntal line [S-9471 exhibited

highest 93.67 % germination followed by [$-6335 (93.33%) at Akola Jocation, at

Patancheru parental line IS-6335 recorded highest (80.67%) germination followed by

1S-2284 (74.33%). In pooled data, parcntal IS-6335 recorded highest germination

(87.00%) followed by IS-9471 (83.83%).
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Among crosses the highest seed germination was recorded in AKms
14B x IS-6335, 1S-6335 « IS-9471 (95.33%) followed by SPV-1201 ~ 1$-6335
(94.67%) at Akola location. At Patancheru cross ICSB-101B - 1S-6335 recorded
highest seed germination (92.00% ) followed by SRT-26B ~ 1S-6335 (91.00°) and
ICSB-101B x IS-9471 (89.67%). However, in pooled data [CSB 101B - [S-6335
recorded highest seed germination (91.83%) followed by  AKms-14B - 1S-6335
(91.67%) and ICSB-101B « IS-9471 (91.34%). Over all, there was significant increase
in germination 2.28, 5.51 and 3.64% at Akola, Patancheru and in pooled data,
respectively, in treated sced with mercuric chloride over untreated control, and there
was 27.39 % increased in germination at Akola over Patancheru.

In F, diallel (Table 43) at Akola, progeny 1S-2284 - 15-6335 recorded
highest germination (92.13%) followed by ICSB-101 B « 1S-9471 (91.90 %) and 1S-
6335 x Is~947l (91.79%). At Patancheru, progeny GJ-35-15-15 - 18-2284 recorded
highest seed germination (91.50%) and SPV-946 - 15-6335 (89.50%). However, in
pooled data IS-2284 « [S-9471 recorded highest seed germination (90.53%) followed
by SPV-946 x 1S-6335 (90.45 %) and (iJ-35-15-15 « IS-2284 (89.35"%).  Over all,
there was significant increase in germination 4,45, 6.56 and 3% %6 at Akola,
Patancheru and in pooled data, respectively, in treated sced with mercurie chlonde
over untreated control and there was 24.69 % reduction in germination at Patancheru
over Akola.
4.9.1.2 Infection by F. moniliforme
In grain mold of sorghum low fungal [vad is considercd as a desitable characters. 1Cis
seen from the data (Table-34), that the range of variation for parental lines was
exhibited from 3.33 in (IS-9471) to 23.67 % in (SPV-104) at Akola, 2.67 i (AKms-
14B) 1022.33% (IS-6335) at Patancheru and 10.7 (IS-9471) to 17.172 (15-2284) in
pooled data. Among crosses the lowest fungal load of /*. monihifurme was noticed in
SPV-104 x I5-6335 (3.33%) followed by 15-6335 - 1S-9471 (4.01%) and 1S-2284 -
IS-6335 (4.34%) at Akola, whereas, at Patanchery AKms 14 B - SPV-104 (9.33)
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exhibited lowest F. moniliforme load followed bv AKms 14 B ~ SPV-946 (11.33 %)
in pooled data IS-6335 x IS-9471 (9.84% ) recorded lowest F. momliforme load.

Over all, there was significant reduction in F. momliforme load 14.75,
44.75 and 35.06 % at Akola, Patancheru and in pooled data, respectively in treated
seed with mercuric chloride over untreated control and there was 86.28% increased /-
moniliforme load at Patancheru over Akola location.

In F, diallel (Table 46) progeny SRT-2613 ~ SPV-946 cxhibited
(10.93) F. moniliforme load followed by ICSB-101 B « 18-6335 (11.43%) at Akola,
whereas, at Patancheru 1S-6335 - 1S-9471 recorded lowest (14.50%) I moniliforme
count followed by ICSB-101 B - SPV-104 (15.50%), in pooled data AKms 1413 -
SRT-26 B recorded lowest (16.2%) /. momliforme load followed by SRT-26 B -
SPV-104 (16.70%).

Over all, there was significant reduction in £ momdiforme load 2710,
17.98 and 22.98% at Akola. Patancheru and in pooled data, respectively in treated
seed over untreated control and in general there was 28.32 %0 increase in load at
Patancheru over Akola.
4.9.1.3 Infection by I. pallidoroseum
In F, diallel it is observed from data (Table 35), that the range of variation for parental
lines was from 0.33% to 3.33% at Akola. 0.0 to 9.00% at Patancheru. However in
pooled data the range of variation was 1.33 to $.50%.  Parental line SPV-1201
exhibited lowest F. pallidorcscam load at Akola (0.33%4) and AKms T4B (1.33%) in
pooled data. For crosses the lowest /2 pallidoroscum Joad was recorded i cross
ICSB 101B x GJ-35-15-15 and SRT-26B - (31-35-15-15 (0.00%) at Akola and AKms-
14 B x SPV-946 (2.67%) at Patancheru. Cross AKms 14 B - SPV-946 (1.50%) also
exhibited lowest 7. patlidoroseun: load in pooled data.

Over all, there was significant reduction in /<. pallidoroseun load 3.64,
36.28 and 21.75% at Akola, Patancheru and in pooled data, respectively in treated
seed with mercuric chloride over untreated control and there was 165.27 %o increase /'

pallidoroseum load at Patancheru over Akola.
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InF, diallel (Table 47) progeny GI-35-15-15 « SPV-946 exhibited
lowest F. pallidoroseum load (0.34%) followed by SPV-1201 « SPV-946 and AKms
14 B x SPV-946 (0.60% ) at Akola whereas, at Patancheru AKms 14 B « SRT 268
exhibited lowest F. pallidoroseum load (0.50%) followed by ICSB 101 B « SPV-104
(0.75%) and AKms 14 B x GJ-35-15-15 (0.92%). Progeny (GJ-35-15-15 « SPV-946
exhibited lowest F. pallidoroseum load (0.80%) followed by SPV-1201 - AKms-14B
(0.99%) and AKms 14 B « GJ-35-15-15 (1.06%) in pooled data.

Ower all, at Akola, Patancheru and pooled data cxhibited 4.80, 35.48
and 21.30% reduction in fungal load of F. pallidoroseum, respectively in treated seed
with mercuric chloride over untreated control and in general. there was 36.60%
increase in F. pallidoroseum load at Patancheru over Akola.
4.9.1.4 Infection by C. lunata
In F, diallel set, it is scen from data (Table 36). that the range of variation for ¢
Iunata in parental lines was exhibited from 18.00 to 45.35% at Akola, whereas. it was
1.33 to 18.00 and 12.00 to 31.17% at Patancheru and in pooled data, respechively.
Parental line IS-6335 exhibited lowest €. funata load (18.00%) at Akola, however
parental line SPV-104 recorded lowest (1.23 and 12.00%) load at Patancheru and in
pooled data. Among crosses the lowest €' forata load was exhibited by SPV- 1201 -
IS 6335 (12.67%) and SPV-1201 - IS-9471 (12.68%) at Akola. Crosses ARms-1418 -
GJ 35-15-15 and AKms-14B - SPV-104 exhibited lowest (8.67"0) followed by 1CSB-
101B x SPV-104 (9.33%) at Patanchcru.  Whereas, SPV-1201 - 1S-9471 exhibited
lowest (14.01%) C. funata load followed by SPV-1201 - [5-6335 (14.67 "u) in
pooled data.

Over all, there was 20.69 and 7.44% reduction in . funata load
Akola and in pooled data, respectively in treated sced with mercuric chloride over
untreated control. However, at Patancheru there was 21.73 increased in (. Junata

load and there was 108.95% increase in C. funata load at Akola over Patancheru.
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In F; diallel set (Table 48) the range was from 15.17 to 47.03%,
progeny IS-6335 <« 1S-9471 exhibited lowest (15.17%) C. funata load followed by
15-2284 x IS-9471 (17.71%) at Akola. At Patancheru  the range varicd from +.00 to
29.76%, lowest (4.00%) C. lunata load was cxhibited in AKms 14 B « SRT 26B.
However, progeny [S-6335 » IS-9471 cxhibited lowest . hunata load (15.50 a) in
pooled data.

Over all, there was reduction in . funata load 19.36, 2.44 and 1381
% at Akola, Patancheru and in pooled data. respectively in treated sced over untreated
control and in general there was 46.43 % increase in (" funata load at Akola over
Patancheru.
4.9.1.5 Infection by other fungi
In Fy diallel set it is observed from (Table 37) that the range of variation tor parcntal
lines was from 6.33 to 19.33% at Akola. 0.00 to 3.33% at Patancheru and 3.17 to
11.00% in pooled data. Parental line AKms - 14 B recorded lowest other lungi load
(6.33, 0.00 and 3.17%) at both locations and in pooled data, respectively.  Among
crosses fowest other fungi load was exhibited by AKms- 148 - SPV-10:4(10.33 and
5.83%) at Akola and in pooled data. However. cross 10SB-1013 - SPV-104
exhibited lowest (0.00%) followed by AKms 1413 - SRT-16B (0.33%) at Patancheru.

Over all, there was significant reduction in other fungi load 39,16,
22.89 and 36.09 %% at Akola, Patancheru and in pooled data, respectively m treated
seed with mercuric chloride over untreated control. and there was 283.44% increase
in other fungi load at Akola over Patancheru. In I'; diallel (Table 49). progeny IS-
6335 x IS- 9471 exhibited lowest other fungi load (9.17%) followed by SPV-104 - 1s-
9471 (9.73 %) and IS- 2284 - IS- 6335 (9.94%) at Akola. Whereas, progeny Akms -
14 B x SRT -26B exhibited lowest other fungi load (0.50%4) and (6.85%4) at
Patancheru and in pooled data, respectively. In treated sced with mercuric chloride
over untreated control, over all, there was 6.37, 4.91 and 14.44% reduction in other
fungi load at Akola, Patancheru and in pooled data, respectively and there was 46.30%
reduction in other fungi load at Patancheru over Akola.



4.9.1.6 Score (Germinated seed )

It is observed from data (Table 38), that parental lines IS- 9471 and IS- 6335 recorded
minimum (1.00 score ) at both locations and in pooled data, however, parental line
AKms -14 B exhibited maximum (4.25 and 3.96 score ) at Akola and in pooled data
and parental lines SPV -1201 and ICSB -101 B (4.00 score) at Patancheru, Thirteen
crosses recorded minimum (1.00 score) and seven recorded more than (3.00 score) at
Akola, at Patancheru nine crosses recorded minimum (1.00 score) and 19 crosses
recorded more than (3.00) score at Patancheru, however in pooled data only four
crosses recorded minimum (1.00 score) and more than (3.0 score ) recorded in 14
Crosscs.

Over all, there was reduction in score 13.27. 0.83 and 6.83% at Akola,
Patancheru and in pooled data, respectively. in treated seed over untreated control. and
there was 12.74 % increase in score at Patancheru over Akola,

In I, diallel set (Table 30') 27 progenics recorded more than (3.00
score) maximum (3.70 score) recorded by AKms -14 B+ SPV- 104, SRT =20 13 -
SPV- 104 and SPV- 946 « SPV -104 and progenv [S- 2284 - IS- 9471 exhibited
minimum (2.10 score) at Akola, at Patancheru, however 36 progenies exhibited more
than (3.00 score), maximum (3.94 scorc) and minimum (1.75 score)  recorded by,
AKms- 14 B x SPV 104 and IS -6335 - 1S-9471 at Patancheru. respectively.

Over all. there was reduction in score 17.71, 1114 and 1441 % in
treated over untreated control at Akola, Patancheru and in pooled data, respectively.
However there was 3.63 % increasc in score at Patancheru over Akola
4.9.2 Fungal load on ungerminated seed.
4.9.2.1 Ungerminated Seed
It is observed from data (Table 39) in I, diallel for ungerminated seed, the range of
variation for parental lines was from 6.33 to 40.33% at Akols, 19.33 to 95.33"% at
Patancheru and 13.00 to 67.00% in pooled data. Parental line 1S-9471 exhibited
minimum (6.33%) and SPV-104 exhibited maximum (40.33%) ungerminated sced at
Akola. At Patancheru, parental line [S-6335 exhibited minimum (19.33%) and
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AKms-14B maximum (95.33 %) ungerminated seed. In pooled data parental line IS-
6335 recorded  minimum (13.00°9) and SPV-104 and AKms-14 B recorded (67%)
ungerminated sced.

For crosses the range for ungerminated sced was  from (4.67%) in
AKms-14B x 1S-6335 and 1S-6335 ~ 1S-9471 to (40.00%) in AKms-14B + SPV-104
at Akola and (8.00%) in ICSB 101B - IS-9471 to (72.67%) in Akms-14B « SRT-26
B at Patancheru.

Over all, there was 12.77, 9.06 and 10.09% decrease in ungerminated
seed in treated over untreated control at Akola, Patancheru and in pooled data,
respectively, and 165.24% increase in ungerminated seed at Patancheru over Akola.
4.9.2.2 Infection by F. mondiforme
InF; diallel set, load of & moniliforme on ungerminated seed tor parental lines ranged
from 2.33 to 18.67%, 11.67 to 54.00 and 7.17 to 35.33% at Akola, Patancheru and in
pooled data. (Tabic 40). Parental line (IS-9471) recorded lowest 233 and 7.17%
fungal load at Akola and in pooled data, however. (1S-6335) recorded Towest 11.67%
at Patancheru. Highest fungal load was indicated by (AKms-14B) 18.67 “y at Ahola,
whereas, parental line (SPV-104) recorded highest fungal oad 3000 and 3531 %0 at
Patancheru and in pooled data, respectively.  Among crosses lowest fungal load was
recorded by AKms-14B - 156335 and 15-6335 - [S-9471 (167 "oy at Mola, 1CSB-
101 B x IS-9471 (5.00 ©0) at Patancheru and [CSB 1018 [S-6335 (417") in
pooled data,

Over all. there was reduction in /< meniitforme load 13.77. 25,06 and
28.05% at Akola, Patancheru and in pooled data, respectively in treated seed with
mercuric chloride over untreated control, and 241.04% more & miosiiliforme: ungal
load was recorded at Patancheru over Akola. In Fy diallel (Lable 32) progeny 10SB-
101B x IS-6335 recorded lowest load (2.73%) at Akola, (iJ-35-13-15 - 15-2284
(5.50%) at Patancheru and SPV-946 « [S-6335 (5.319%) in pooled data. In treated seed
with mercuric chloride over untreated control, over all, there was 18.36, 4.45 and

6.67% reduction in F. momliforme load at Akola, Patancheru and in pooled data,
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respectively. In general 165.56% more F. moniliforme load on ungerminated seed was
recorded at Patancheru over Akola.
4.9.2.3 Infection by F. pallidoroseum
In F, diallel (Table 41) six parental lines out of 10 parental lines recorded lowest
(0.00%) fungal load IS-6335, 1S-2284, SPV-946, GJ-35-15-15, SRT-26B and 1CSB-
101B at Akola. At Patancheru and in pooled data parental lines 15-6335 recorded
lowest (2.00 and 1.00%) and SPV-104 recorded highest (10.33 and 7.17%) £
pallidoroseum load respectively. Among crosses 21 recorded lowest (0.00%) load, at
Akola, however only cne cross SRT-26B < I8-6335 exhibited lowest fungal load (0.00
and 0.17%) at Patancheru and in pooled data. respectively. Over all,  there was
58.33% increase, 33.09 and 27.68% significant decrease in fungal load at Akola,
Patancheru and in pooled data, respectively in treated sced with mercuric chloride
over untreated control. and there was 918.89 %o increase in fungal foad at Patancheru
over Akola.

In F, diallel (Table 33) 22 progenies cxhibited lowest tungal load
(0.00%) at Akola, however, at Patancheru and in pooled data four and three progenies
recorded lowest (0.00%) F. pullidoroseum load,  respectively. Over all, there was
87.50 and 26.52% increase in fungal load at Akola and in pooled data, respectively
and 88.15% decrease in fungal load at Patancheru in ticated sced with mercuric
chloride over untreated control and $82.60% more fungal load was cxhibited at
Patancheru over Akola.
49.2.4 C lunata
In F, diallel (Table 42) at Akola parcntal lines [S-9471 and [5-6335 cxhibited lowest
fungal load (3.33%) and highest in AKms-14B and SPV-104 (16.00%). At Patancheru
and in pooled data parental linc 15-6335 cxhibited lowest (5.00 and 4.17%) and
parental lines AKms-14B exhibited highest (43.00 and 29.50 %) respectively. Among
crosses the lowest C. Junata load was exhibited by crosses SPV-1201 - 15-6333
(L.67 %) at Akola, whereas. at Patancheru and in pooled data cross [CSB-101 B - I5-
6335 exhibited lowest fungal load (2.33 and 2.67°), respectively.



110

Over all, there was 8.27 % reduction in fungal load in treated seed over
untreated control at Akola, However, at Patancheru and in pooled data exhibited 43.44
and 21.09% increase in fungal load in treated over untreated control, respectively,
Patancheru exhibited 66.91% increase in fungal load over Akola. InF, diallel (Table
54) progeny IS-6335 x 1S-9471 exhibited lowest (1.68%) €. lunata load at Akola,
however, 1S-2284 x IS-9471 recorded lowest C. Junata load (1.75 and 1.76%) at
Patancheru and in pooled data. All the treatment exhibited 17.59, 19.93 and 15.58%
reduction in fungal load at Akola. Patancheru and in pooled data. respectively in
treated over untreated control and exhibited 27.92% reduction fungal load al
Patancheru over Akola.
4.9.2.5 Other fungi
In F, diallel (Table 43) parental lines 1S-2284 and 1S-63335 cxhibited lowest other
fungi load ie. 0.00, 0.67 and 0.33% at Akola, Patancheru and in pooled data.
respectively. Among crosses AKms-14B - 18-6335 indicated lowest (0.00%0) fungal
load at both locations and in pooled data.

Over all, the treatments exhibited 60.00 and 22.30% reduction n funyal
load at Akola and in pooled data. respectively, however. at Patancheru location
exhibited 26.89% increase in fungal lead in treated over untreated control. In veneral
Patancheru exhibited 20.53% increase in fungal load over kol

InF, diallel (Table 33) progeny [CSB-1013 -+ [S-9471 exhibited
lowest fingal load (0.00%) at Akela. (3J-33-15-15 - IS-2284 and SKT 2618 - 1S-2284
(0.00%) at Patancheru and SPV-946 - [5-6335 and IS-2284 - IS 9471 (0.15%) in
pooled data, over all, the treatments eshibited 19.93, 2103 and 20.62% reduction in
other fungi load in treated over untreated control. Patancheru location exhibited 26.78
% more other fungi load over Akola.
4.9.2.6 Score (Ungerminated seed)

InF, dialle] set. (Table 44) parcntal lines [S-9471 cxhibited minimum 1.17. 2.50 and
1.84 score and AKms-14B cxhibited maximum 4.75, 5.00 and 4.88 score at Akola,



Patancheru and in pooled data, respectively. Among crosses the range of variation was
from 0.92 to 4.58 at Akola, 1.42 10 5.00 at Patancheru and 1.38 10 4.71 in pooled data
Over all, there was 3.97 and 0.63 °o reduction in score at Akola and in
pooled data, respectively and 3.38 % increasc in score at Patancheru in treated over
untreated control and there was 23.32% increase score al Patancheru over Akola.

InF; diallel, (Table $6) all the progenies at Akola and Patancheru

except one each IS-2284 - IS-9471 (2.91) and 1S-6335 - 18-9471 (2.92), respectively

recorded more than 3.00 score.  However, all the progenies in pooled data recorded
more than 3.00 score. Over all there was, 13.22, 6.96 and 9.72% signiticant reduction
in score at Akola, Patancheru and in pooled data, respectively, in treated seed over

untreated control and there was 11.31% increase in score at Patancheru over Akola.

4.9.3 Fungal load on germinated seed, Akola 1995 and 1996
4.9.3.1 Seed germination
Seed germination (%) recorded on standard blotter test method on treated and
untreated seed were used tor studv. In by diallel set (Table 37) parental line 15-0333
and 1S-9471 exhibited highest germination (97.23%) tollowed by SPA-1201 (90.07
%) and lowest in parental line AKms-14B (53.34%) in Akola 1995 and - Akola 1996
parental line [S-9471 recorded highest (93.67%) and lowest in parent SPV-104
(59.67%) however. in pooled data parental lines 15-9471 recorded highest (93.457)
and lowest in AKms-14B (57.33%) sced germination.

Among crosses the highest sced germination ("n) were recorded in
crosses SPV-946 - [5-2284, SPV-046 - [S-6335 and GI-35-15-15 15-6335 (4778
%) and lowest in GJ-35-15-15 - SPV-104 (30.00%) in Akola 1995 In Akola 1990,
crosses AKms-14B - 1S-6335 and 15-6335 - 15-9471 recorded highedt (95.33%0) «wed
germination and lowest in AKms-1413 x SPV-104 (59.67%), however, in pooled data
highest % sced germination was recorded in cross SPV-946 - I5-6335 (96.06%)
followed by 1S-6335 - 1S-9471 (95.45%) and lowest in (iJ-35-15-15 - SPV-104 and
SPV-946 x SPV-104 (67.33%).
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Over all, there was signiticant increase in seed germination 7.07, 2.33
and 4.63% at Akola 1995, Akola 1996 and in pooled data, respectively, in treated sced
with mercuric chloride over untreated control and there was 3.52% increase in Yo
germination at Akola 1996 over Akola 1995
4.9.3.2 Infection by F. moniliforme
In sorghum grain mold low fungal load is considered as desirable characters. In I,
diallel set, (Table 58) parental lines GJ-35-15-15 and I5-6335 recorded lowest
(1.11%) F. moniliforme load and highest in ICSB-1011 (23.33%) in Akola 1995, In
Akola 1996 the lowest load was recorded in 1S-9471 (3.33%) and highest in SPV-104
(23.67%), however, in pooled data parental lines IS-9471 recorded lowest (2.50%0)
and ICSB-101B recorded highest (20.34%0) /. monihtorme load.

Among crosses towest load was exhibited by GI-35-15-15 - [5-6338
(1.11%) followed by ICSB-101 B - [S-9471 (1.67°) in Akola 1995, [n Akoki 1996
crosses SPV-104 x 1S-9471 (3.33%0) followed by 1S-6335 - 1S-9171 (4.01%),
however, crosses ICSB-101B - [S-9471 exhibited lowest (3.34%0) 20 mremhorme load
followed by SPV-104 x IS-9471 (3.61 Ya) in pooled data.

Over all, there was sionificant reduction i £ menlijerme load 26,51,
78.49 and 54.87% in Akola 1995 . Akola 1996 and in povled data, respectively n
treated seed over untreated control.  However. there was 1980 % decrease - funpal
load in Akola 1996 over Akola 1993
4.9.3.3 Infection by F. pallidoroseum
There was no occurrence of £ putfdoroscnnm at Ahola during 1995 in all the entries
except one tested (Table 39), henee no conclusion could be drawn.

49.3.4 C lunata

It is observed from (Table 60) that the range of variation tor parcntal lines was trom
4.44% (SPV-1201) to 34.45% (SPV-104) in Akola 1995 In Akola 1996 the same was
observed to be 18.00% (IS-6333) 10 43.35% (SPV-1201). whereas. in pooled data
range was 14.73% (IS-9471) 10 35.33% (JCSB-10113). Among crosses in Akola 1995
the range was 10.00% in (SPV 946 - 15-0335) and (SPV-104 - 1S-9471) 10 38.34 %
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ﬁ(lCSB-lOl B x GJ-35-15-15), however in Akola 1996 and n pooled data the range
was 1267% to (SPV-1201 « 1S-6333) to 33 33% (ICSB-101B + GI-35-15-15) Oner
all, there was 13 34, 2236 and 17 82°% reduction mn fungal load 1 Akola 1996 m
freated over untreated control and 46 83% increase m C fumata load Aol 1996
over Alola 1995
4.9.3.5 Infection by other fung
In F, diallel (Table 61) n Akola 1995 «cason the range tor parental hne was trom
15.00% (SPV-1201) to 64 65% (GJ-35-15-15) n .Ahola 1996 the range was from
6.33% (AKms-14B) to 19 33% (SPV-1201). however, m pooled data the 1ange was
15.95% (ARms-14B) to 40 89% 1n (GJ-35-15-15)

Among crosses i \kola 1995 cross AKms-143 SR1-26B recorded
lowest (10 00°0) othet fungt fungal load and highest i SPV-104 15-2284 (32 78%)
in Akola 1996 the lowest fungal load recorded i ARms-148 SPV-104 (10 33%)
and highest in SPV-1201  SRT-26 B (27 33%), howcver, i poolud data cross 1€ SB-
101B x SRT-26B recorded lowest (12 2%%) funeal load and hiphest n SPA 101 1S-
2284 (25 89°%)
4.9.3.6 Score (GS)
InF, diallel (lable 62)1t1s observed from data that the ranoe of vartation for parental
lines was from 1 30 (SPV-1201) to 3 83 (ICSB-101B) mn \hola 1995 from 100 (15-
9471 and 1$-6335) to 4 25 (Akms-14B) in Akola 1996 and from 130 (159471 nd
IS-6335) to 3 71 ( Akms-14B) 1n pooled data Among crosscs the ranee was from 173
(SPV-946  1S-6335) to #24 (ICSB-101B  SPV-104) m \hola 1995 from 100
(ICSB-101 B - IS-6333) to 3 75 (ARms-14B SP\-104)m Ahola 1996 and 125 (15-
6335 x 1S-9471) to 363 (ARms-14B SPV-104) 1n pooled data- Over all there was
14,26, 13 27 and 13 75% reduction in score m Ahola 1995 \hola 1996 and i pooled
data, respecinvely n treated over untreated control and there was 11 84% merase m

8core over Akola 1996
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4.9.4 Fungal load on ungerminated seed, \hola, 1995 and 1996

4.9.4.1 Ungerminated seed

In parental ine mummum  ungermunated seed were recorded m 15-9471 (222, 6 33,
4.28%) in Ahola 1995, Ahola 1996 season and 1n pooled data, respectinely  Howover
maximum ungermmnated seed were recorded m Akms-14B (45 00%) i Ahola 1995
SPV-104 (40 33%) 1n Akola 1996 and \kms-11B (41 83%) m pooled data (1able
63).

Among crosses minmum ungermimated sced was recorded m SPA -
1201 x GJ-35-15-15 (2 78%) and maximum in [CSB 101 SRI-26B (51 11%)
Akola 1995 In Akola 1996 nunimum ungermmated was recorded m Akns-148
1S-6335 and 1S-6335 « IS-9471 (4 67%) and maximum n SPV-1°01  SPV-946
(30.00%), however, in pooled data cross 19-633%  15-9471 rceorded mmmum
(4.28%) and (G1-35-15-15  SPV-104 recorded manimum (32 67%) ungermunated
seed.

Over all there was 2847 1283 and 21 719 reduction m ungamm ited
seed in hola 1995 1996 and m pooled data respectinedy n tieated seed ova
untreated control and 16 74% reduction m ungammated sced m ARola 1996 osa
Akola 1995

4.9.4.2 Infection by I” mondiforme
Four parental Imes (1-35-15-15 15-2264 15-633% and 1S-9471 1ccondud lowent

(1.11%) and hughest n SR1-268 (14 43%) m Ahola 1995 (11ble 64) however parentil
lines 1S-9471 recorded lowcst 2 33 and 1 72% and hiohest i Abms-1B1$ 67 ind
12.67% F momilijorme load al hola 1996 and m pooled data respectivedy

Among crosses four iosses tecorded lowest £onuliferime load
(1.11%) n Akola 1995, cross 15-6335  15-9471 also recorded lowest load 167 and
139 % m Akola 1996 season and n pooled data respectinedy  Highest Toad wis
recorded m GJ-35-15-15  SP\-104 (30 56%) and (17 95%) n Abola 1995 and n
pooled data, respectively and SPV-1201  SP\-946 (17 00y \hola 1996



oo Over all, there was signiticant decrease . moniliforme load 19.76.
13.64 and 16.95% in Akola 1995, Akola 1996 and in pooled data, respectively in
treated seed over untreated control and 14.88% increase in fungal load in Akola 199%
over Akola 1996.
4.9.4.3 Infection by F. pallidoroseum
The fungal load of F. pallidoroscum in Akola 1995 and Akola 1996 season were
recorded nil in most of entries (Table 63). hence conclusion could  not be drawn.
There was no occurrence of 7. paifidoroseunt at Akola during 1995, In all the entrics
and in majority entrics tested during 1996 season, hence no conclusion could be drawn
(Table 65).
4.9.4.4 Infection by C. [unata
‘Table 66, revealed that parental line 1S-9471 recorded lowest 0,.00. 3.33 and 1.67% ¢,
lunata load in Akola 1995, Akola 1996 and in pooled data, respectively.  SPV-946
recorded highest 16.67% in Akola 1995 and AKms-14B exhibited highest 16.00 and
13.00% load in Akola 1996 and in pooled data, respectively. Among crosses lowest
(0.00 %) load were recorded in GJ-35-13-15 - 18-6335 and SPV-946  1S-6335 in
Akola 1995 cross SPV-1201 « 1S-6333 (1.67%) in Akola 1996 and cross SPV-946 -
18-6335 (1.17%) in pooled data. Over all. there was 27.55, 8.27 and 17.99" reduction
in fungal load in Akola 1995, Akola 1996 and in puoled data, respectively in treated
over untreated control and 4.26% reduction in (. funata Toad in- Ahola 1996 over
Akola 1995.
4.9.4.5 Infection by other fungi
Data presented in Table 67 revealed that. the range tor parental lines was trom 0.00
(SPV-1201) t0 26.11% (AKms-14B) in Akola 1995 scason however. in Ahola 1996
was from 0.00% in (IS-9471 and IS-2284) to 3.67% in (SPV-104) and in peoled data
0.28 % (IS-9471) to 14.72% (AKms-1413)

Among crosses SPV-946 x 1$-2284 recorded lowest (0.00%) other
fungi load at both locations and in pooled data. however. crosses SPV-946 - SPV-104

recorded highest (7.78%) fungal load in Akola 1995, cross AKms-1418 - SK1-268
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and SPV-1201 x SPV-104 (3.00 20) on Akola 1996 and cross SPV-1201 ~ Akms-14B
(5.28%) in pooled data, respectively.

Over all, there was 49.52, 60.00 and 52.41% significant reduction of
other fungi load in Akola 1995, Akola 1996 and in pooled data, respectively in treated
over untreated control and 64.55% reduction in fungal load in Akola 1996 over Akola
1995.
4.9.4.6 Score
It is observed from data (Table 68), that the score range in parental lines was from
0.83 (SPV-1201) to 4.08 (ICSB-101B) in Akola 1995, from 1.17 (IS-9471) to 4.75
(AKms-14B) in Akola 1996 and from 1.04 (IS-9471) to 421 (ICSB-101B) in pooled
data. Among crosses the range was from 0.58 (SPV-946 ~ 1S-6335) to 4.75 (AKms-
14B x SRT-26B) in Akola 1995 from 0.92 (SPV-1201 - 1S-2284) to 4.58 (AKms-14B
x SPV-104) in Akola 1996 and from 1.13 (SPV-946 to IS-6335) 10 4.54 (AKms-1-43
SPV-104) in pooled data. AKms-I14B + SPV-104 exhibited maximum score in both
locations and in pooled data.

4.10. Histopathology of infection of molding fungi (Microtomy)

Histopathology of infection and colomization of major molding funpi viz. /2
moniliforme and F. palhidoroseum  and C. funata at different stages of grain
development i.e., at anthesis, 10, 20.30 and 40 DAF were investigated.

Histologically sorghum seed consist of - outer covering pericarp (seed
coat), the storage tissuc cndosperm and embryo (germ). Pericarp is sub-divided into
outer epicarp, two to three cells layers, middle mesocarp contains starch pranules.
usually thickest opposite cmbryo; innermost fayer of pericarp is endocarp consist of
cross and tube cells (Plate 5).

Just beneath the pericarp, some sorghum  kemels have  highly
pigmented layer callcd testa or sub-coal, testa usually thickest at the crown of the
kemnel and thinnest over embryo. The endosperm of sorghum sced consist of aleurone
layer and peripheral (earlier so called stele layer), comeous and floury portions.
Aleurone cell layer located beneath the pericarp or testa if it is present, block-like
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rectangular cells. The peripheral endosperm is beneath the aleurone layer. consisting
of first two to six endosperm cell. The comeous endosperm (hard’ homey) located
beneath the peripheral endosperm made up of starch and proteins. The floury
endosperm area has loose packed endosperm cells. The starch granules are sphericals
and they are held together by protein matrix.

Embryo or germ lies at the basc of the kernel and consist of scutellum,
plumule and radicle, plumule, radicle and a part between is known as embryonic axis.
Coleoptile and colcorrhiza are the fused parts around the plumule and radicle toward
embryonic leaf and root cap respectively.

4.10.1. Infection by F. moniliforme

Small size shriveled grains and in some cases no grain formed in the carhead, infection
in all parts when the inoculations were made at anthesis (Plate 6A). When the
carhead were inoculated at 10 DAF infection observed in all parts except in some parts
of endosperm (Plate 6B). ‘The grain from the carhead inoculated 200 DAF
colonization observed in endosperm scutellum, embryonic region and at hilar arcas
(Place 6C). Earhead inoculated at 30 DAEF tungus colonizing in embryonic region
involving coleoptile, colcorrhiza and embryonic axis (Plate D). When the carhead
were inoculated at 40 DAF fungus colonizing in pericarp. aleurone and peripherals
region fungus mycelium and spores were observed on pericarp (Plate 6l

2. Infection by F. pallidoroseum

Shriveled grain and infection in all parts when the inoculations were made at anthesis
(Plate  74). Infection in all parts except some parts of endosperm, when the
inoculations were made at 10 DAF (Plate 7B). At 20 DAL infection observed in hilar
areas, embryonic rcgion and pericarp (Plate  7C). Pericarp and embryvonic region
colonized when inoculations werc made at 30 DAF (Plate 7D). At 40 DAF
colonization werc obscrved in endosperm, pericarp and alcuronc layer (Plate 7L).
4.10.3. Infection by C. lunatu

Shriveled grain formed and infection observed in embryonic region when the
inoculations were made at anthesis (Plate 8A). At 10 DAF infection noticed in
embryonic region, this infection takes place through hilar region (Plate §13). Infection



Plate : 6 Infection by F. moniliforme

A Anthesis - (LS)Shriveled grain
Infection in all parts (13.2 x)

B 10DAA - (LS) Infection in all parts (13.2x)
Except endosperm

C 20DAA - (LS) Hilar, pericarp, cmbryonic
Region (33 3 x)

D 30DAA - (LS) Embryonic infection (66 6 x)
b 30 DAA - Aleurone layer and pericarp (66 .6 x)
(Pe-Pericarp. E-Endosperm, Al-Alcurone layer,

Er-Embryonic region, Ea-Embryonic axis, Hi-Hilar
F-Fungus mycelium, Fs-Fungus mycelium and spores)



Plate 6. Infection b 1 moniliforme
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Plate 7. infection by F. pallidorosenm
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was observed in embryonic axis, scutellum near hilar voids, when inoculations were
made at 20 DAF (Plate  8C). At 30 DAF, infection were observed in pericarp with
spores and mycelium, aleurone laver and endosperm intercellular mycelium was
observed (Plate  8D). Infection observed in pericarp and aleurone layer only with
spores and mycelium on pericarp when inoculation were made at 40 DAF (Plate 8E).
4.10.4. Infection by different fungi (Fluorescence microscopy)

Shriveled grain was formed when the inoculation were made at anthesis and infection
was observed in all region except endosperm (Plate  9A). Infection was observed in
hilar areas when the inoculations were made at 10 DAF (Plate 9B). Infection observed
in embryonic axis with coleoptile and coleorthiza infection at 20 DAF (Plate 9C).
Infection in pericarp, aleurone layer and endosperm with mycelium. Infection A to D
by F. moniliforme (Plate 9D). Embryonic infection was observed when the
inoculations were made at 20 DAF (Plate  9E). Pericarp infection when inoculated at
40 DAF by C. lunata (Plate 9F). E and F infection by C. lunata.

4.11 Correlation studies

Correlation describes the inter relationship between the variables. In any biological
entity the variables are generally associated with each other. With a view to find out
the association between grain molding contributing physical and biochemical

characters. Simple correlation coefficient have been worked out on following aspects.

o Correlation between fungal load on germinated and ungenminated F, seed
(Untreated), Akola and Patancheru, 1996

o Corrclation between fungal load on genminated and ungerminated Iy sced
(Treated), Akola and Patancheru. 1996

¢ Correlation between physical characters, Akola and Patancheru. 1996

¢ Correlation between biochemical characters

¢ Correlation between protein fractions and physical characters



Plate : 8 by C. lunata

A Anthesis - (1.S) Shriveled grain, embryonic region (13 2 x)

s 10 DAA - (L.S) Hilar arcas and embryo (33.3 x )

C 20DAA - (TS) Embryonic axis, scutellum and near hilar
viod (333 x)

D 30DAA - (TS) Pericarp, aleurone layer, endosperm (66.6 x)

E 40 DAA - (TS) Pericarp (333 x )

(Pe-Pericarp, Al-Aleurone layer, E-Endosperm, Er-Embryonic region,
Ea-Embryonic axis. Hv-Hilar void, F-Fungus mycelium, Fs-Fungus
mycelium and spores)



Plate : 8 by C. lunata
Anthess (1.S) Shriveled grain, embryonic region (13 21,
10 DAA (L.S) Hilar arcas and embryo (33 3 x )

20DAA (TS) Embryonic axis, scutellum and near hilas
viod (33 3 x)

SODAA (1S) Pericarp, aleurone layer, endosperm (66.0+

40 DAA (1S) Pericarp (33.3 x )

(Pe-Paricarp. Al-Aleurone layer, E-Endosperm, Er-Embryonic region,
Fa-tmbryonic axis, Hv-Hilar void. F-Fungus mycelium, Fs-Fungus
mycelium and spores)




Plate 8. Infection by C. lunata



Plate : 9 Infection by different fungi (fluorescence microphoto)

A (L) At anthesis all region except endosperm /< moniliforme (2
B (L.S) 10 DAA. Hilar, I moniliforme (100 x)

¢ (L.S) Embryonie region /. monilifore (100 x )

D (TS) Endosperm (intercellular) /- monilifore (100 x )

- (1S) Embryonic region O funia {100 x )

Eo(1S) Pertearp. . lunat (100 x)

( Pe-Pericarp, E-Endosperm, Ea-Embryonic axis, Hi-Hilar,
Cp-Coleoptile, Ch-Coleorrhiza, F-Fungus mycelium,
Fs-Fungus mycelium and spores)




Plate 9. Infection by F. moniliforme and C. lunuta
Fluorescence microphoto )
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4.1L.1 Correlation between fungal load on germinated and ungerminated F, seed
(Untreated), Akola and Patancheru, 1996

Fungal load viz. F. moniliforme, F. pallidoroseum C. Junata other fungi and their
score on germinated (GS) and ungerminated (UGS) (untreated) F, seed were recorded
at both locations and correlation between them with TGMR as a dependent variable
were worked out and results are presented in Table 69.

4.1L11 Germinated seed

Out of 12 characters studied, germinated seed had a significant negative correlation
with seven characters at both the locations viz. ungerminated seed, score (GS), F.
moniliforme (UGS), C. lunata (UGS). other fungi (UGS), score (UGS), and TGMR.
however, F. moniliforme (GS) at Akola and F. pallidoroseum (UGS) at Patancheru
location. Whereas, significant positive correlation exhibited in other fungi (GS) at
Akola and F. momliforme (GS), F. paliidoroseum (GS). C. funata (GS) and other
fungi (GS), at Patancheru.

4.11.1.2 Ungerminated seed

Ungerminated seed had a significant positive association with six characters  score
(GS), F. moniliforme (UGS), C. lunata (CGS), other fungi (UGS), score (UGS), and
TGMR at both the location, and F. pallidoroseum  (UGS) at Patancheru only.
However, significant negative association was exhibited in /7. moniliforme (GS) and
other fungi (GS) at both location and #. pallidoroseum (GS) and C. fnata (GS) at
Patancheru location only.

4.11.1.3 Infection by F. moniliforme (GS)

F. moniliforme (GS) exhibited significant positive correlation with score (GS) (0.76).
F. monilitorme (UGS) (0.72), score (UGS) (0.71) . Junata (UGS) (0.67), TGAMR
(0.65), other fungi (UGS) (0.38) and C. funata (GS) (0.28) at Akola location.
whereas, with F. pallidoroseum (GS) (0.78), C. funata (GS) (0.48), Patancheru.
However, significant negative association was exhibited with other fungi (GS) (-0.49)
at Akola and C. lunata (UGS)(-0.64), F. moniliforme (UGS) (-0.52), TGMR (-0.3%),
F. pallidoroseum (UGS) (-0.31). score (UGS) (-0.30 )and other fungi at Patancheru.
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4.11.1.4 Infection by F. pallidoroseum (GS)

F. pallidoroseum {(GS) had a significant positive association with F. pallidoroseun
(UGS) (0.55) at Akola and C.  Junata (GS) (0.56), other fungi (UG) (0.28) at
Patancheru location. However, X pallidoroseum  (GS) exhibited significant a
negative association with C. Junata (GS). score (GS), score (UGS). and TGMR at
Akola location and score (GS), 7. moniliforme (UGS). F. pallidoroseum (UGS), C.
junata (UGS), other fungi (UGS). score UGS, and TGM R at Patancheru location.
4.11.1.5 Infection by C. lunata (GS)

. lunata (GS) exhibited significant positive correlation with score (UGS), score
{GS), and TGMR at Akola and cther fungi (GS) at Patancheru. significant negative
correlation was cxhibited with all characters except other fungi (GS) at Patancheru.
4.11.1.6 Infection by other fungi (GS)

Other fungi (GS) exhibited significant and negative association with all characters at
both locations except <. pallidoroseum (UGS) at Akola and score ((GS) at Patancheru.
4.11.1.7 Score (GS)

Score (GS) also exhibited significant positive correlation at both lecations for all the
characters except F. pallidoroseum  (UGS) at Akola, where, significant negative
correlation was noticed.

4.11.1.8 Infection by F. moniliforme (UGS)

F. momiliforme (UGS) had a signiticant positive association with all the characters at
both the locations, except F. pailidoroseum (UGS) at Akola.

4.11.1.9 Infection by F. pallidoroseum (UGS)

F. pallidoroseum (UGS) had a significant positive association with all the characters
at Patancheru, however TGMR (-0.28) exhibited significant negative association at
Akola.

4.11.1.10 Infection by C. lunata (UGS)

C. Iunata (UGS) exhibited significant positive correlation with all the characters at

bath the locations.
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4.11.1.11 Infection by other fungi (UGS)
Other fungi (UGS) also exhibited significant positive association with all the
characters at both the locations.
411.1.12 Score (UGS)
Score .(L'GS) also exhibited highly significant positive correlation with TGMR at both
the locations.
4.11. 2 Correlation between fungal load on germinated and

ungerminated F, seed (Treated ). Akola and Patancheru, 1996
Fungal load viz. F. moniliforme, F. pallidorosenm , C. lunata and other fungi and
their score on germinated and ungerminated Fy (Treated) seed were recorded at both
locations and corrclation between them were worked out and results arc presented in
Table 70.
4.11.2.1 Germinated Seed
Out of 12 characters studied, germinated seed had a significant negative association
with eight characters UGS, score (GS), F. moniliforme (UGS), F. pallidoroseum
(UGS), C. funata (UGS). other fungi (UGS), score (UGS) and TGAR (UGS) at beth
locations. However, significant negative association was exhibited in F. moniliforme
(0.72), C. lunata (GS) (-0.40) and F. pallidoroseum (GS) (-0.36) at Akola location
and significant positive association with . funara (GS) (0.60), F. pallidoroseum
(GS) (0.46). F. moniliforme (GS) (0.45) and other fungi (GS) (0.43) at Patancheru.
4.11.2.2 Ungerminated seed
Out of 11 characters, ungerminated sced had a significant positive association with
seven characters score (GS), F. moniliforme (UGS), F. pallidoroseum (UGS), C.
huata - (UGS), other fungi (UGS) score (UGS) and TGMR at both locations.
However. significant positive association exhibited with F. monilijorme (GS) (0.72).
C. lunata (GS) (0.40), F. paliidoroseum (GS) (0.36) and other fungi (GS) (0.26) at
Alola and  significant negative association with C. funata (GS) (-0.60). F.
pallidorosenm (GS) (-0.47), F. moniliforme (GS) (-0.45) and other fungi (GS) (-0.43)

3t Patancheru,
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4.11.2.3 Infection by F. moniliforme (GS)

F. moniliforme (GS) exhibited significant positive correlation for all characters except
other fungi (GS) at Akola location. but only for F. pallidorosenm (GS) (0.60), C.
Junata (GS) (0.39) and other fungi (GS) (0.46) at Patancheru. Significant negative
correlation with C. funata (UGS) (-0.52). F. pailidoroseum (UGS) (-0.44), other
fungi (UGS) (-0.39) and F. momilrorme (UGS) (-0.32) was exhibited at Patancheru.
4.11.2.4 Infection by F. pallidoroseum (CS)

F. pallidorosenm had a significant positive association with . moniliforme (UGS)
(0.41), other fungi (UGS) (0.36) and F. pallidoroseum (UGS) (0.30) at Akola, and
with C. Junara (GS) (0.48) and other fungi (GS) (0.36) at Patancheru. Five
characters viz. C. Jwnata (UGS ) (-0.53), other fungi (UGS) (-0.45), F. pallidoroseuni
(UGS) (-0.41), F. moniliforme (UGS) (-0.34) and TGMR (-0.28) exhibited significant
negative correlation at Patancheru.  The remaining characters exhibited non-
significant positive and negative association at both locations.

411.2.5 C lunata (GS)

All the characters except F. paliidoroseum (UGS) and other fungi (UGS) and only
one character i.e. other fungi (GS) have shown significant positive correlation “:ilh C.
unata  (GS) at Akola and Patancheru locations respectively. Seven out of cight
characters exhibited negative correlation of which five exhibited significant negative
correlation with C. Junata (GS).

4.11.2.6 Infection by other fungi (GS)

Other fungi (GS) exhibited significant positive with score (UGS) (0.60), TGMR
(0.39), score (GS) (0.56), and C. Jurata (UGS) (0.31) at Akola location. However, at
Patancheru all characters exhibited negative association of which four viz. F
pallidoroseum (UGS) (-0.44), C. lunata (UGS) (-0.43), other fungi (UGS) (-0.38)
and . momiiforme (UGS) (-0.36) were significant.

4.11.2.7 Score (GS)

Score (GS) exhibited highly significant positive correlation with all the traits at both

the locations.



4.11.2.8 Infection by F. meniliforme (UGS)

E menliforme (UGS) also exhibited siomificant positive cerrelation at both the
locations for all the traits.

4.11.2.9 Infection by F. paliidoroseum (UGS)

Four characters viz. . funaia (UGS). other fungt (UGS). score (UGS) and TGMR
exhibited significant positive correlation with = pallidoroscur:  (UGS) at both the
locations.

4.11.2.10 Infection by C. lunara (UGS)

C. hinata exhibited highly significant positive correlation with TGMR (0.76. 0.74).
score (UGS) (0.70. 0.68) and other fungi (UGS) (0.69. 0.84) at Akola and Patancheru,
respectively.

4.11.2.11 Infection by other fungi (UGS)

Other fungi (UGS) exhibited significant positive correlation with TGMR (0.68, 0.66)
and score (UGS) (0.54, 0.57) ar Akola and Patancheru, respectively,

4.11.2.12 Score (UGS)

Score (UGS) exhibited highly significant positive correlation with TGMR (0.85. 0.85)
at both locations.

4.11.3 Correlation between physical characters, Akola and Patancheru, 1996
Twelve characters at both the locations were correlated using germination percent as a
dependent variable Table 71.

4.11.3.1 100-grain weight

The study of results revealed that. 100 grain weight had significant and positive
correlation with TGMR (0.40) and £ momiyorme (0.28) and significant negative

correlation with glume covering (-0.26) and 7. paifidoroseum (-0.26) at Akola
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location. however. at Patancheru location none of the characiers is having significant
positive and negative association.

4.11.3.2 Grain hardness

Grain hardness had a significant positive association with DTF (0.42) and  significant
negative association with endosperm texture (-0.61) and F. pallidoroseum (-0.32) at
Akola, whereas, at Patancheru, signiﬁcam positive association was observed with
other fungi (0.50), DTF (0.39), germination (0.30). whereas. significant and negative
association was observed with endosperm texture (-0.33) and F. moniliforme (-0.26).
4.11.3.3 Endosperm texture

Endosperm texture had a significant and positive correlation with F. pallidoroseum
(0.41) and significant negative correlation with DTF (-0.54), C. funata (-0.34),
electrical conductivity (-0.51), germination (-0.41), mesocarp thickness (-0.39),
TGMR (-0.39) and F. moniliforme (-0.35) at Akola location, whereas, at Patancheru
it had significant and positive correlation with germination (0.52) and significant
negative correlation with TGMR (-0.87), F. moniliforme (-0.59), mesocarp thickness
(-0.55), electrical conductivity (-0.54) and DTF (-0.51).

4.11.3.4 Electrical conductivity

Out of 9 characters studied, 5 characters viz. F. moniliforme  (0.67, 0.72). TGMR
(0.64,0.82), C. lunata (Akola, 0.61), mesocarp thickness (0.56. 0.59) and Days to
$0% flowering (0.50, 0.40), exhibited significant positive correlation at Akola and
Patancheru respectively. However, germination (-0.66, -0.82) . other fungi (-0.44, -
0.31) and F. pallidoroseum (Akola, -0.33) indicated significant negative correlation at
Akola and Patancheru, respectively.

411.3.5 Days to 50% flowering

Days to 350% flowering at Akola had significant positive association with mesocarp
thickness (0.41), F. moniliforme (0.37), C. funata (0.37) and TGMR (0.29) whereas,
significant negative correlation were established with germination (-0.38). glume
covering (-0.33) and F. pallidorosenm (-0.32) . However, at Patancheru significant

positive correlation was exhibited with C. Junata (0.46), mesocarp thickness (0.39).
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TGMR (0.34), F. monilitorme (0.31) and F. pallidoroseum (0.26) and negative
association with germination (-0.20) and glume covering (-0.05).

4.11.3.6 Glume covering

Glume covering had no significant correlation (positive or negative) with most of the
variables at both the locations. However positive comrelation was noticed with
germination at Akola (0.06) and Patancheru (0.11) whereas. negative correlation was
exhibited with mesocarp thickness. F. moniliforme. C. lunaza and TGMR at both
locations.

4.11.3.7 Mesocarp thickness

Mesocarp thickness at Akola location has a significant positive association with C.
funata (0.68), TGNR (0.65) and F. moniliforme (0.51), however. significant negative
correlation. was exhibited with germination (-0.57) and F. pullidoroseum (-0.38). At
Patancheru TGMR (0.64) and F. momiforme (0.38) exhibited significant positive
association however. significant negative correlation exhibited with germination onlv
(-0.53).

4.11.3.8 Infection by F. moniliforme

F. moriliformie had a significant positive correlation with TGAR (0.68) and €. Junata
{0.45) and significant negative correlation with germination (-0.82) and other fungi (-
(1.52) at Akola, however at Patancheru significant positive correlation was exhibited
with TGMR (0.77) and F. paffidoroseum  (0.49) and significant negative in
germination (-0.76) and other fungi (-0.50).

4.11.3.9 Infection by F. pallidoroseum

F. pallidorosewm at Akola had exhibited significant negative correlation with TGAR
(-0.41) and C. Jjunata (-0.40) and significant positive correlation with germination
(0.28). however. at Patancheru germination (-0.19). other fungi (-0.18) and . Jfunara
(-0.17) exhibited negative correlation and TGMR (0.19) indicated positive correlation

4.11.3.10 Infection by C. lunata

. lunata exhibited significant positive correlation with TGMR (0.73) and significant

negative correlation with germination (-0.39) at Akola. Whereas, at Patancheru other
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fungi (0.23) and TGMR (0.19) exhibited positive bui non significant and germination
(-0.23) indicated non significant negative correlation.

4.11.3.11 Infection by other fungi

Other fungi had significant positive association with germination (0.36, 0.41) at Akola
and Patancheru respectively. other fungi had a significant negative correlation with
TGMR (-0.31) at Akola and non significant negative association (-0.24) at Patancheru.
411.3.12 TGMR

TGMR exhibited highly significant negative correlation with germination (-0.78) and
(-0.83) at both the locations.

4114 Correlation between biochemical characters

For biochemical characters viz. proteins. soluble sugars. tannins and flavan-4-ols
were correlated with grain hardness and TGMR as dependent variable and results are
presented in Table 72.

4.11.4.1 Protein

Protein exhibited significant positive comelation grain hardness (0.29). total sugars
{0.27), non significant negative correlation with flavan-4-ols (-0.13).  Correlation
with the remaining characters could not be established.

4.11.4.2 Soluble sugars

Total sugars exhibited significant positive correlation with tannins (0.35) and grain
hardness (0.26). significant negative association with TGMR (-0.26) and non-
significant positive with flavan-4-ols (0.24).

41143 Tannins

Tannins exhibited highly significant positive correlation (0.73) with flavan-4-ols.
however grain hardness (-0.37) and TGMR (-0.75) exhibited significant negative
<orrelation,

411.4.4 Flavan-d-ols

Flavan-4-ols was found to be megatively associated with grain hardness (-0.59) and
TGAR (-0.78).

4.11.4.5 Grain hardness

Grain hardness had a significant positive correlation with TGMR.
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4.11.5 Correlation between protein fractions and physical characters

Correlation between six protein fractions viz. Albumin and globulin. prolamin, cross-
link prolamin, glutelin like, glutelin. and residues with physical characters viz.
mesocarp thickness, e¢ndosperm texture, germination and grain hardness were
comrelated and the results are presented in Table 73.

4.11.5.1 Albumin and globulin.

Out of nine characters only two characters viz. prolamin (0.55) and cross link
prolamin (0.36) exhibited significant positive correlation. whereas. three characters
viz. glutelin-like (-0.73), glutelin (-0.72) and endosperm texture (-0.45) indicated
significant negative correlation other characters recorded positive and negative non-
significant association with albumin and globulin.

4.11.5.2 Prolamin

Prolamin had a highly significant correlatien with cross-link prolamin (0.64) and grain
hardness (0.63), however significant negative association were exhibited in
endosperm texture (-0.73), glutelin like (-0.69), germination (-0.69) and glutelin (-
0.66). Other two characters viz. mesocarp thickness (0.35) and residues (0.34)
recorded positive non significant association.

4.11.5.3 Cross-link prolamin

Cross-link prolamin exhibited significant positive correlation with grain hardness
(0.63) and mesocarp thickness (0.42). However, four characters viz. germination (-
0.60). glutelin (-0.59). glutelin-like (-0.38) and endosperm texture (-0.57) exhibited
significant negative association. Residues (0.11) exhibited positive but non-significant
association.

4.11.5.; Glutelin-like

Gluletin-like had a significant positive association with glutelin (0.72). endosperm
texture (0.62) and germination (0.37), whereas, with grain hardness had a significant
negative correlation (-0.47). Mesocarp thickness (-0.20) and residues (-0.18) also

reported negative association but non-significant.
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4.11.5.5 Glutelin

Glutelin exhibited significant and positive correlation with germination (0.56) and
¢ndosperm texture (0.52), whereas, negative significant correlation with grain
hardness (-0.42). Mesocarp thickness (-0.34) and residues (-0.07) also reported
statistically non significant negative association.

4.11.5.6 Residues

All the characters associated with residues exhibited non-significant positive and
negative association. Highest negative association was recorded with germination (-
0.32).

4.11.5.7 Mesocarp thickness

Mesocarp thickness exhibited positive and negative significant association with grain
hardness (0.41) and genmination (-0.48) respectively. Endosperm texture recorded
negative association (-0.33) but non-significant.

4.11.5.8 Seed germination

Seed germination exhibited significant negative (-0.38) association with grain
hardness.
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CHAPTER YV
DISCUSSION

Parcntal diversity

denetic divergence of parental lines s an important pre-requisite tor oblaining desirable
segregants in the progemes  three red resistant. tive white clite and two while susceptible
parental ines ot sorghum selected tor the study provided sufticient variability for various
quantitative waits. The analvsis of variance also exhibited significant variation for all the
haracters exeept mtection 5 cdlb e and other tungl under study which is indicative
ot their genetic diversiy

Combining ability eftecty

Combining abality s ne

cxsary i selection of appropniaie parents in hvbridization.  Since. it
gives an idea whether a particular parents combines well in a cross and also denotes specitic
pertormance of cross combination agamst the expectations trom the veneral combining ability
of parents

Ihe results (Table 74) revealed that none of the parental lines was a good
general combinar Jor all the traits under study. However, 18-9471 had desirable gea for nine
() and three (- 5 characters. Plis hine could transmit higher pram handness, comeous
endosperm texture, lower plant height. more glume covering. low tungal intection by F.
pallidorosenm . more proteins, more soluble sugars. more tannins and more tlavan-4-ols in Iy

crosses and whereas. more grain hardness, lower plant height and tow fungal infection by of F.

menliforme in ¥, progenies. Simikarly parental lines SPV-1201, 1S-6335, GI-35-15-15 and 18-
2284 transmitted favourable genes for various wrails to Fy crosses and I progenics notable
imong these are the increased grain hardness. corncous endosperm texture, tannins. flavan-4-
ols and reduced infection by & mombitorme and 1. palidoroseum.  In general transmission ol
tratts n Iy crosses was more pronounced than those m Iy progenics

The results indicated that the first five parents 1S-9471 SPV-1201. [8-6335, G-
1515 and 1S-2284 can be caregorised as good general combiners for various physical and
biochemical characters. Sinee higher general combining effects correspond with additive and

for additive 10 additive interaction (Griffings, 1956b) and represent the fixable genetic
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components of variation, these parentai fines appear io be worihy oi exploitation in a
recombination breeding program.

Specific combining ability eflects is the indicative of heterosis and also the
Jominance and epistatic gene action. Denis and Girard (1977) reported  loss in viability to be

»o important part of the grain mold syndrome, that they rece d a germination test as a part

of standard evaluation for identification of grain mold resistance.

First cross AKms-14B x [S-6335 exhibited significant sca effects for
germination per cent in both F, and F, diallel progenies. The same cross exhibited significant
desirable sca ctfects for other component characters viz. 100-grain weight, clectrical
conductivity. days to 50% tlowering, mesocrp thickness, TGMR, F. moniliforme, protein,
tannins, and flavan-4-ols in F, diallcl. and clectrical conductivity and TGMR in F, diallel
(Table 75). Significant sca cffects on germination both in ¥y and F, dialiel progenies of other
crosses were also noted. [n addition. significant sca effects were recorded for other important
grain mold resistance components, such as TGMR. grain hardness. endosperm texture,
infection by . momliforme. and F. pallidorosenm

Among the 10 specific combinations (Table 75) first. sccond and ninth were
most desirable. since these had significant positive sca etfects for germination in both Fy and I,
progenies. 1 the parental lines involved in above three crosses. 15-6335 18-9471. and SPV-
1201 were identified as good general combiners. Therefore one can expect good segregants in
further generation trom these crosses. 1t can theretore, be suggested that biparental mating,
among the segregants of these crosses may be attempted 1o evolve line with better grain mold
lolerance,

Gene action governing inheritance of characters
The gea and sca variances lor the traits studicd indicate the gene action associated with them.
Knowledge gained on the relative magnitude of various types of gene actions is useful in
deciding the most appropriate breeding procedures.

In the present investigation the variance due to gea were larger than that of sca
or the characters, like 100-grain weight, endosperm texture. tannins and flavan-4-ols in F,
Progenies, and for cob kength. TGMR, and infection by F. moniliforme and C. funata both in
Frand Fy progenies.  Therefore, additive gene action was more predominant for these
tharacters,  Ghorade (1995) reported the role of additive gene effects for 100-grain weight.
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Jabholkar and Baghel (1982) reported similar results tor tannin content. Karale er af., (1984)
sported similar results for cob length. No literature is available on inheritance of TGMR.
Jabholkar and Baghel (1980). Narayana and Prasad (1983), Kataria er /. (1990) reported
milar results for infection by Fusarmum and Crrvularia,

For grain hardness and glume covering both gea and sca cstimates were
gnificant. Their ratio of more (han | demonstrated preponderance of additive type gene
tion in F, diallel. In F, diallel, though both cstimates were significant, the ratio of
gea/8%sca works out to be less than 1 indicating predominance of more non-additive gene
tion. The role of additive gene action for these traits have been reported by Ghorade (1995)
d the role of additive gene action for grain hardness was reported by Rana et al. (1978).

In case of plant height lower ratio of 8’ga/§’sca indicated non-additive gene
ion in F, diallel. These results are similar to those of Nimabalkar and Bapat (1987) and
ger et al. (1988). The higher ratio of 8’gea/6’sca indicated predominance of additive gene
ion in controlling plant height in F; progenics. These findings were in confirmation with the
‘ervation of Patil and Thombre (1986) and Shekar et al. (1987).

The results obtained for electrical conductivity and other fungi fungal load were
ilar to those of plant height, which is supported by Ghorade (1995) for F; diallel, but
tradictory to F) diallel.

For days to 50% flowering, mesocarp thickness, proteins and soluble sugars, in
fiallel, though both the estimates were significant, the ratio of 5'gea/8’sca works out 1o be
than 1 indicating non-additive gene action. These results are in agreement with Kanaka
12) and Huger er al. (1988). For germination and infection by F. paliidoroseum though
the estimates were significant, the ratio of 8%gca/8%sca comes out to be less than unity in Fy
F, diallel progenies, indicating predominance of non-additive gene action. ~ Contradictory
ts were reported by Ghorade (1995) for germination and for F. pallidoroseum no
ture is available.

In the present investigation, it could be concluded that gea variance were
yminant for most of the characters studied, i.c., 100-grain weight, grain hardness,
iperm texture, cob length, glume covering, TGMR, F. moniliforme, C. lunata , tannins
lavan-4-ols. However, sca variance was predominant for electrical conductivity, days to

flowering, mesocarp thickness, germination, F. pallidoroseum , proteins and soluble
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sugars. Studies on gene action goveming inheritance of endosperm texture. flavan-4-ols and
TGMR have been made for the first time, and thus these are new information.

Heterosis

In the present investigation, of the several agronomic, physical and bio-chemical parameters
studied, desirable significant heterosis and heterobolities were observed for 100-grain weight,
electrical conductivity, DTF, plant height. wob-length. mesocarp thickness. TGMR. seed
germination, infection by 7. momiiforme. F. paiiidoroseum. C. funata, tannins and flavan-4-ols
(Tables 12-17). These parameters can significantly contribute towards reducing or preventing
infection and colonization by mold fungi. Similar results were reported by Kanaha (1982) for
100-grain weight; Ghorade (1995) for electrical conductivity and seed germination, Quinby
(1963), Goyal and Joshi (1976) and Saradaman (1981) for cob-length: Naryana and Prasad
(1983) and Ghorade (1995) for fungal load.

Biochemical characters

For proteins and soluble sugars none of the crosses extubited significant desirable heterosis or
heterobeltiosis, however, for tannins significant heterosis exhibited from 238 to 38.64%,
whereas for flavan-4-ols the range for heterosis was from 5.67 to 52.10% and for
heterobeltiosis 26.45 to 48.37%. From the data of heterosis and heterobeltiosis for seed
germination, it is observed that crosses with high magnitude of heterosis or heterobeltiosis have
ot necessarily showed better per se performance or vice-versa. Hence the selection of
superior crosses should necessarily be based not only on magnitude of heterosis but also on
actual performance of crosses for germination so that appropriate selection can be made

without errors.

On the basis of their zer se performance for germination and the extent of
heterosis and heterobeltiosis, it is concluded that out of 10 crosscs, first four crosses i.e. ICSB-
101B x 15-2284, ICSB-101 B x 156335, ICSB-101B x IS-9471 and SPV-1201 x IS-2284 could

be stated as a desirable ones for mold resistance breeding.  These crosses need to be exploited

n further generations for isolating mold resistance lines

>hysical characters
fundred-grain weight of kernels was less in all the eniries tested at Patancheru during 1996

inder controlled conditions. Over all 86.25% increase in F. momliforme load was recorded at

‘atancheru over Akola in the same year. Bhatnagar ( 1971), Gray et al. (1971) and Mathur ef
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. (1975) reported that F. moniliforme and ¢, funata intertere with carbohydrate translocation
developing kemels causing reduction in size and weight of seed. Similar results were also
ported by Gluech and Rooney (1976), Castor (1977, Castor and Frederiksen (1980), Singh
d Agrawal (1989) and Somam (1992). Seventy per cent loss in grain weight was reported by
ay etal. (1971) in central Kentueky USA. Sundaram et al. (1972) reported losses up to 50%
¢ to head molds in hybrid sorghum in experimental plots at Coimbatore. Gluech and Rooney
776) reported fest weight loss from 62.2 Ibbu to 47.3 Ib/bu under severe weathering
nditions at College Station. Texas. Singh and Agrawal (1989) reported that sorghum seed
ected with O funata . F- momhtorme and £home sorghing veduced 100-grain weight by 69,
and 40%. respectively.  Sigmficant specilic combining ability for 100-grain weight was
ticed in two Fy crosses (AKms-14B - 15-0335 and SPV-1201 - SR1-26B). as well
nificant heterosis for grain weight i two crosses (AKms-14B - 186335 and SR'1-26B -
6335) out of 10 superior Fy crosses. Gene action in Fy dialle! was additive for 100-grain
ight.
Rana e al. (1984). Bandyopadhyay (1988). Stenhouse er i (1990) Reddy ef
(1991), Jambunathan er ul. (1992) and Kumani e w/. (1992) reported that in white-grained
ghums hardness contribute 1o resistance. — Hardness was measured by force required to
ak the grain. Irom the present studics it 15 obscrved that, parent SPV-1201 exhibited
imum grain hardness followed by GJ-35-15-15 and ICSB-101 B at both the locations.
ereas, cross SPV-1201 x GJ-35-15-15 exhibited highest grain hardness i.c. 7.85 and 7.43 kg
and (Av. 7.64 kg «cm’) at Akola and Patancheru, respectively. Colored parental lines and
sses having more floury endosperm were brittle and required less breaking strength.  Over
less grain hardness was recorded at Patancheru than ai Akola during1996. indicating that.
wolled conditions causc more deterioration of grain than natural intection. Jambunathan er
(1992) reported higher grain hardness in grain grown in post rainy season than in grain
0 in rainy season. Mukura (1992), Tambunathan o/ WL (1992) and Somani (1992) also
led that mold resistance 1 while grain advanced seleetions was associated with grain
Iness, whereas, resistance in red-giain types was associated with flavan-4-ols and grain
Iness, The present resulis are in confirmation of these results. - CGrain hardness is govemed

dditive and non-additive gene action in ¥y and F diallel. respectively.



In the pressnt mvostigation wmone 15 ronaes cght cosses hibited comeous
endosperm . six=crosses cxhubnted flours cndospumn nd 31 coses mdieated mtcrmeduate
(Table 5) Clath «i « (1973)and Il (1972) notieed that womeous endosporm charactersti
18 10t necessany for resistance o weathuaing howeva it all other things wore cqual 2 ine with
more comeous grain would 1esists detenon shion moie than would 4 oy endosperm e
hecaus: ol more dense stuctute and otgamizaion Gliech @ (1977) and Gluech and
Kooney (1980) noticed that nam with more comeous endosperm were more kel to 1¢sist
deterioration than flouny endosperm Iines Simlu tesults were reported v Grarud (1992) and
Somant (1992)  Signficant specific combinmg ity was noticed m 1 duallel moonhy one
wross (15-2284 15-6335) out vl 10 ind this et s govemed by addiine pene wetion in
I diallel

Seventeen of the 45 crosses cvibiiad dectrical conductivy luss than 150
dSm* and siv o between 150 and 200 dSmoowmd 2 more than 200 dSm-1 1 lectineal
conductivity on highet sides W tecordud at Patancham than at Ahoby this nught be due 1o
mote chotrolytes kahage because of more detenoration under controllad conditions at
Patancheru  Measuting of sced leachates and conclation with gemination would become an
cffivient techmiques for studving the effects of gram mold severity on seed viability (Foibes
1986) Glueck and Roonev (1980) reported that cultivars with thick mesocarp and floury
endosperm texture murcased water absorption and nicher leachates Somam (1992) noticed
that the electrical conductivity of seed leachates was more 1 suseeptible cultivars Crosses
ICSB-101B  1S-2284 ICSB-101B 15-633% and [C SB-101B 199471 sclcted on the basis
of germunation ndaeated lowa eletrical conductivity 1 lectnieal conductivity s govemed by
non-additive and additive gene action m [y and 1 dhalle] respectivehy

Glumes appear to be plants hrst detense agamst fungal mvasion and
volonszation (Wanssha ¢/ o/ 1992) But it was also reported that even on completely covered
but not compact glumes, mold du: clopment was noticed (Somani 1992) It was also reported
that except F momliforme nfection of other lungt tahes place from uncovered portion of
hemels by glumes  Muity (1975) noticed Crovid o ol imboction on- - portion of seed not
wovered by glume and voncluded that open head with seed completedy enclosed i long papery
glumes are relatively resistant to field detertoration Gangadharan et al (1978) noticed similar
observation and concluded that tullv enclosed grain by elume and loos heads are the factors
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associated with resistance. Glueck and Rooneyv (1980) and Somani (1992) reported similar
results. Mansuetus er a/. (1988) showed that disease incidence was negatively associated with

glume cover (r - -0.56) and glume length ( £ =-0.56). Pigmentation in the pericarp and glume
may impart some degree of resistance (Waniska et al,, 1992). Sorghum contains polyphenols
(tannins) in colored pericarp and tannins are deterrents to mold Harris and Bums (1973). In the
present study, 11 F) crosses showed more than 50% glume covering at Akola, and 21 F,
crosses at Patancheru. More glume covering was noticed in three crosses of the 10 crosses
(Table 77) which exhibited resistant reaction to mold. This character is govemed by additive
and non-additive gene action in F, and F,, diallel respectively,

With regards to mesocarp thickness, 15 out of 45 crusses at both  locations
exhibited less than 50 um thickness (thin). Thin mesocarp is considered as resistant trait for
grain mold. The mesocarp is thin when the gene is dominant (Z-) and thick when the gene is
recessive (22). Ten out of 10 crosses based on germination and grain mold resistance recorded
less than 50 um mesocarp thickness (Table 77). Glueck and Rooney (1980) reported similar
results, and stated further that thin mesocarp sorghum withstand weathering better than those
with thick mesocarp, thick mesocarp contains starch and protein which support more fungal
colonies than thin mesocarp. Castor (1981) provided additional evidence that infection takes
place by relatively few species of fungi during anthesis . Also a number of different tissues
appear to be involved in resistance to colonization. Since the infection takes place at such an
carly stage, the presence or absence of testa has little effect on initial colonization. His work
substantiate the fact that mesocarp provide an ideal environment for early colonization. Miller
(1981) reported similar results, This trait is governed by non additive gene action in F; diallel.

Visual appraisal has been the most common means of quantifying grain mold to
date. Visual appraisal involves a complex of factors and can cstimate scverity, incidence and
damage, depending upon the method of assessment. Visual assessment, obviously the quickest
and easiest method of disease assessment, is used for screening large number of samples
(Bandyopadhyay and Mughogho, 1988 a). According to Frederiksen ef al. (1982) comparing
threshed grain is the most accurate method of visual assessment of grain mold. Hence TGMR
is an important character for evaluation of crosses, less TGMR is considered as favourable for
grat mold resistance. As TGMR grade exhibited significant positive association with different
.tymos. 6f: fungal load indicated that low TGMR grade is favourable. Forbes (1986) reported
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)sitive associations with visual assessment as percentage of kemels moldy ( r = 0.98) with
lony forming with of F. moniliforme. Additive gene action was exhibited for this trait in F,
Wd Fy diallel.

Poor seed germination is positively correlated with infection level by mold
ngi. There was 86.26% more load of F. moniliforme and 165.27% more load of F.
Wlidoroseum at Patancheru over Akola in F), that may have resulted in lower germination.
owever, 108.95% more C. Junata load was recorded at Akola over Patancheru, Germination
considered desirable character for mold resistance. Denis and Girard (1977) and Castor and
ederiksen (1980) recommended germination test as a part of standard evaluation for
entification of grain mold resistance. Many fungi were reported responsible for loss in
rmination Tarr (1962) reported Aspergillus, Fusarium and  Rhizoctonia ‘spp. were
sponsible for poor ¢mergence of sorghum seedlings, since these fungi destroy starchy
idosperm of seed and thus deprive young scedling of its food. Tripathi (1974) reported,
duced germination by (42%) due to Colletotrichum graminicola followed by C. lunata
0%), F. moniliforme (37%) and Phoma insidiosa (26%) . Mathur et al. (1975) reported
aximum F. moniliforme and F. semitectum form 70 samples collected from U.R, Gujrat and
yjasthan (northemn India ). F. moniliforme affected both germination and seedling growth
d was mainly observed in embryos. Castor (1975) reported maximum Fusarium and
urvularia as a principal pathogens and caused discoloration and reduction in viability of
rghum seed.

Dayan and Dalmacio (1982) reported F. moniliforme and C. lunata as most
edominant fungi invading embryo and endosperm thereby reduced seed viability in
ilippines. Wu (1983) isolated 16 genera of which F. moniliforme was most prominent
gether with C. Junata in Taiwan. Granja and Zambolim (1984) reported low germination in
rghum due to F. moniliforme. Deshmukh (1989) noticed that C. lunata , F. moniliforme and
cserohilum halodes caused considerable reduction in germination from Vidarbha. Since these
ngi destroy starchy endosperm of sced and thus deprive young seedling of its food. In the
esent investigation better heterotic crosses for germination showing heterosis and
terobeltiosis for other components were: ICSB-101B x 1S-2284, ICSB-101B x 18-6335,
‘SB-101B x 1S-9471, SPV-1201 x IS-2284, AKms-14B x S-6335, GJ-35-15-15 x 1S-6335,
RT-26B IS 9471, 15-2284 x S-9471, SRT-26B x IS-6335 and SPV-104 x IS-6335, which
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chibited 81.75 to 90.00% gemmination. The significant heterosis exhibited for other
smponents characters were clectrical conductivity, —mesocarp thickness, TGMR, F.
oniliforme, C. lunata, F. pallidoroseum, tannins and flavan-4-ols contributed towards mold
sistance in above crosses (Table 77). Germination is governed by non-additive gene action in
1 and F; diallel.

Based on F. pallidoroseum infestation at two locations it appears that F.
allidoroseum is comparatively of minor impoﬁancc in grain mold at Akola, whereas, it is an
aportant mold fungus next to C. /unata at Patancheru. This variation possibility might be due
« variations in the ecological conditions. Only one cross ICSB-101B ~ IS-2284 out of 10
Jlected on basis of germination exhibited significant heterosis for this trait. This character is
yverned by non-additive gene action in both F; and F, diallel.

C. lunata is another major fungus associated with grain mold. It is number one
ingus in some parts, causing reduction in weight, germination and viability (Bhatnagar,
)71; Mathur et al, 1967, Tripathi, 1974; and Khare et al., 1976). C. lunata has been found
wortant also in Taiwan (Wu and Cheng, 1990), Thailand (Boon-Long, 1992) and also from
fferent parts of India (Bhale and Khare, 1982; Deshmukh, 1989; Somani, 1992). At Akola 39
1t of 45 crosses recorded more than 31% Curvularia load. However, at Patancheru 35 out of
i crosses recorded 16-30% C. funata load and over all, there was 108.95% increase at
kola over Patancheru. Significant heterosis was recorded in cross SRT-26 x 1S-6335 and
terobeltiosis in five crosses (ICSB-101B x IS-6335, ICSB-101B x IS-9471, GJ-35-15-15 x
-6335, SRT-26B = 1S-9471 and SRT-26B ~ 15-6335) of the 10 crosses selected on basis of
rmination in Fy diallel. This character is govemed by additive gene action in Fy and F,
allel.

The protein content of the parental lines ranged in between 8.93 and 12.94%
 those of 45, F, crosses, it ranged between 5.23 and 10.56%. The cultivars presently under
ide cultivation are medium hard with moderate protein content. The results obtained are in
ncurrence with those of Desai et al., (1992) and Somani (1992). In the present studies, a
mificant specific combining ability (sca) was noticed in three Fy crosses viz, Akms-14B x
-6335, SPV-104 x 1S-2284 and SPV-104 x IS-6335. It is also revealed that this specific
‘nstituent is govemned by non additive gene inheritance in F; diallel.
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In this investigation soluble sugars content varied form 1.20 to 2.30% in
ents and 0.80 to 1.80% in F, crosses. Only one cross SPV-104 x 1S-6335 exhibited
iificant heterotic effects. It is also concluded that this trait is controlled by non additive
e. Glueck ef al, (1997) reported that in deteriorated grains, soluble carbohydrates are
ally decreased as they are used to provide energy for the growth and development of fungi.
the contrary Somani (1992) opined that due to enzymolysis soluble sugars increased in
'dy grains.

In the present investigation the TGMR was 1.75 to 2.50 in colored grain that
gest the tannin is deterrent to molding fungi and these observations confirm the findings of
jer workers (Ellis, 1972; Murty, 1975; Glueck and Rooney, 1980; Rooney and Miller,
1; Hahn et al,, 1984; Bandyopadhyay, 1988; Mansuetus, 1990). Nine of the 10 crosses
cted for higher germination (Table 77) exhibited significant heterosis for tannin or flavan-4-
or both. These characters is governed by additive gene inheritance in F, diallel,

Hagerman and Butler (1981) noticed tannin associated protein consist of three
or components, two of which are high molecular weight prolamin and one of these was
¢ rich in proline. Guiragossian e al., (1978) noticed that mutation in P-721 sorghum
reased quality of kafirin (prolamin) with and increased albumin and globulin. It suggest
the prolamin is inversely correlate with albumin and globulin. Similar trend was noticed in
present studies also Subramanian et al., (1990). Similar observations have been noticed for
t of crosses in present investigation. However, the percentage of this fraction was on quite
ter side i.¢. 65.16% in IS-9471 whereas, it was bit less in other colored grain parents.

Prolamin content was maximum in AKms-14B followed by SPV-1201 and GJ-
15-15 whereas, crosslink prolamin was maximum in SPV-104 followed by SPV-946 and
35-15-15. All these parental lines have white grain. It is interesting to note that prolamin
crosslink prolamin were on quite lower side in all colored grain parental lines and hence
itance to grain mold in colored grain cultivars can be attributed to tannins and flavan-4-ols
o than grain hardness. Similar trend was noticed in Fy crosses where colored grained
ntal line was used and gene for colored testa was dominant. These finding are in
tissance with those of (Gluck and Rooney 1980; Bandyopadhyay 1986; Jambunathan 1986;
uru 1992). In white grained sorghum the prolamin and cross-like prolamin were on higher
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in SPV-946, SPV-104 and- AKms-14B all these parental lines have more breaking strength
¢ by indicating that the endosperm is vitreous and prolamin and cross link prolamin
ributes for vitreousness. Clark et al, 1973; Ellis 1972, Somani 1992) noticed five to six
i dense layer bencath the aleurone layer was present in tolerant to resistant cultivars.
nari and Chandrashekar to had similar observations and reported that, prolamin and cross-
prolamin are more in the dense layer which contributed to resist deterioration by grain
d. The present results are with tolerant cultivars are in concurrence with the results of
ve workers. However, the mold in SPV-104 and AKms-14B was more even though the
amin and cross prolamin content are high, this might be due to higher mesocarp thickness
hence the infestation was more but restricted mere to pericarp only.

In F, crosses prolamin and cross link prolamin content was increased where, in
ot parent from white grain had more prolamin and cross link prolamin suggesting that gene
his particular traits is dominant,

‘ct of pre-treatment

rall, there was significant increase in germination in pre-treated over untreated control in
ntal lines, F, crosses and F, progenies at Akola and Patancheru grown during 1996 and
ntal lines and Fy crosses of two seasons at Akola grown during 1995,1996. There was
sase in germination at Akola over Patancheru during 1996. There was significant reduction
<. moniliforme load at both locations in pre-treated seeds over untreated control, however
all, there were 86.26 and 28.32% increase in F. moniliforme infection at Patancheru over
lain F, and F diallel, respectively. These results are in concurrence with results of other
kers (Bhagwat and Datar, 1974; Mathur et al, 1975; Castor and Frederiksen, 1981;
vasckaran, 1983; Granja and Zambolim, 1984; Wu, 1983). The variation between two
ons at Akola was due to infection of seed duc to F. moniliforme  at the time of anthesis
wuse of continuous rains (Somani 1992). For F. pallidoroseum there was a significant
ease in load in pre-treated over control whereas, there was an increase of 165.27 and
6% .at Patancheru over Akola in Fy and F; diallel on germinated seed. However, two
ons Akola 1996 recorded more load over Akola 1995 season.

Significant reduction in ungerminated seed was noticed in pre-treated secd over
sated control at both locations and both seasons at Akola. There was significant reduction
ngal-load of F, moniliforme and F. pallidoroseum: in Fy and F, progenies, however for C.
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Iunata there was increase in load was recorded n by crosses at Patancheru. This might be due
to more superficial infestation of C. funata at Akola under natural condition, whereas due to
decp seated infestation the pre-treatment did not revealed any effect on C. funata  at
Patancheru.

Histopathology

From the infection and colonization studies 1t was seen that the kusarial penctration (both
species) usually take place from hilar end and no pericarpal infection was observed.
Curvularial infection however, is usually through both kemel ¢nds i.c. stylar and hilar as well
directly though the pericarp wall. These findings are similar with those of Castor (1977) and
Castor and Frederiksen (1980). Inoculations at anthesis has shown development of Fusaria in
developing kernels in all the parts of spikelets and denser growth around the ovary base and
progress acropetally between aleurone layer and pericarp subsequently endosperm, embryonic
tissue. For C. funata infection was observed on ovary wall, pericarp, endosperm and
embryonic tissue. Similar observations were recorded by Forbes (1986) and Bandyopadhyay
(1986).

Correlation studies

The knowledge of association of different grain mold contributing components is of significant
importance in grain mold resistance breeding programme. This study provides reliable
information on nature, extent and effectivity of selection. The simple correlation studies
between fungal load of untreated and pre-treated, germinated and ungenminated seeds and

’

contribution of physical and biochemical ch if any, have been

studied in the present investigation since many researchers had putforth different physical and
biochemical characters contributing towards grain mold resistance. The available literature
however, revealed that no appropriate correlation between various factors for mechanism and
genetics of grain mold resistant had been established.

Germinated seed (untreated) has shown negative association with F.
moniliforme, C. lunata, score (GS) and TGMR at Akola location, indicating that with the low
fungal load of above fungi there was i d germination and reduced TGMR. Whereas, at
Patancheru, fungal load (GS) had significant positive association thereby indicating that,
fungal load has no positive effect on germination. However, ungerminated seed had positive
sorrelation with fungal load of all fungi and scorc, indicating that on ungerminated seed the
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1g8l load of F. moniliforme and . funata was more that ultimately might have reduced the
rmination and increased the TGMR. Wu and Cheng (1990) reported similar results for C.
1ata, F. moniliforme and some other fungi.
Positive significant correlation was establish between F. moniliforme (GS) and
lunata (GS) with TGMR at Akola. Forbes ef al. (1989) too established similar correlation
regards to F. moniliforme only. However, at Patancheru negative significant association of
th the fungi with TGMR was noticed. This might be due to continuous congenial condition
infection by moldy fungi. Significant association between molding fungi and TGMR was
ticed in ungerminated seed, it proved that with increasing fungal load there is decrease in
‘mination and increase in TGMR. Similar observation have been made by Bhatnagar
)71), Tripathi (1974), Castor (1977), Rao and Williams (1977), Castor and Frederiksen
380), Vidyasekaran (1982) and Forbes (1986).
Correlation studics of fungal load on germinated and ungerminated (treated)
:d revealed that, germinated seed had significant negative correlation with #. moniliforme
S), F. pullidoroseum (GS) C. Iunata (GS), other fungi (GS), and TGMR at Akola that,
licates that with the minimum load of these fungi there is improvement in sced germination.

wever, significant positive iati hibited with germinated (treated) sced and K
miliforme, F. pallidoroseum, C. lunata and other fungi at Patancheru revealing that the
ssence of molding fungi did not effect seed germination. It indicates that, there is no effect
pre-treatment of seed in impairing germination since controlled conditions at Patancheru
ulted in total loss of viability. All molding fungi on germinated seed increased score and
reased TGMR at both the locations. Fungal load on ungerminated seed had a significant
ociation with all fungi, score and TGMR at both the locations indicating that, presence of
re fungal load reduces germination, increase score and TGMR. Forbes ef al., (1989) also
orted similar results but for F. moniliforme and TGMR.

rrelation between physical characters

ndred grain weight has shown positive correlation with days to 50% flowering at Akola.
nilar results were also reported by Patil er al. (1980) and Patil and Thombre (1985).
wever, no-correlation studies between grain hardness and mold contributing characters viz.
losperm: toxture, electrical conductivity, days to 50% flowering, glume covering, mesocarp
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«ess. fungal load of different fungi discase severity and sced germination has been
ed so far. The present studies tried to comelate these factors.

As anticipated the endosperm texture has negative significant correlation with
hardness, because the grain hardness is usually exhibited by vitreous endosperm.  Similar
vation was also reported by Maxson et al. (1971). As regards to correlation with
ical conductivity, it is observed that there was positive correlation at one location, where
1ing was done under natural conditions, even when there was good mold development,
ver, a negative correlation was established at another location i.c., Patancheru which

be due to totally controlled conditions i.c., due to providing more favourable condition
fection, establishment and deterioration by molding fungi at Patancheru.

Grain hardness exhibited significant positive correlation at both locations with
indicating that latc maturing crosses escape mold attack and exhibited more grain
ess. Grain hardness has shown significant positive correlation with bermination at
chery, thereby confirm the finding of Ghorade (1995). As regard to endosperm texture,
mcreasing corneousness of endosperm there is  decrease in electrical conductivity,
Aty period, mesocarp thickness, F. moniliforme, C. lunata , TGMR and germination.
Xk efal (1977), Glueck and Rooney (1980), Garud (1992), Kumari ef al. (1992) and
i (1992) recorded similar observation for TGMR.

As regard to electrical conductivity, with the increased maturity period,
carp thickness, F. moniliforme, C. lunata load and TGMR there was increase in electrical
uctivity. Whereas, fully covered grain, other fungi and germination exhibited negative
dation with electrical conductivity. Glueck and Rooney (1980) reported similar
-vation for mesocarp thickness. Forbes (1989) reported similar observations for F.
Iforme, TGMR and germination while Ghorade (1995) reported similar trend for
ination, F. moniliforme and C. lunata . As regard to glume covering, increase in glume
ring decrease fungal load of all fungi and TGMR and increase in germination was
ed. Similar observations were made by Murty (1975) Gangadharan et al. (1978), Glueck
Rooney (1980), Mansuetus (1988) and Somani (1992) for TGMR; and Narayana and
ul (1980) for TGMR. With the increase mesocarp thickness there is increase in fungal
of F. moniliforme, C. lunata and TGMR and decrease germination. Glueck and Rooney
0), Castor (1981) and Miller (1981) also reported similar observations.
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Increase in tungal load of F. momiiforme increases [GMR and seed
nation at both locations. These results are in accordance with those of Rao and Williams
) Denis and Girard (1977), Vidyasckaran (1983), Forbes (1986), Deshmukh (1989) for
R and germination. With the increase in fungal load of C. lunata, there 1s  increase in
R and decrease in germination. Similar observations were reported by Tripathi (1974)
a0 and Williams (1977).
zlation between biochemical characters
ns cxhibited positive significant correlation with flavan-4-ols indicating that, with the
1s¢ in tannins there is corresponding rise in flavan-4-ols. However, tannins and flavan-4-
1d negative significant correlation with grain hardness and TGMR indicating that grain
1ess is not an important contributing character for grain mold resistance if tannins and
1-4-ols are present. However, tannins and flavan-4-ols are highly correlated with mold
ance (Mukuru, 1992).

In the present investigation grain hardness and soluble sugars are significantly
wve correlated with protein, it indicates that increase in grain hardness is correlated with
ase in protein and it might be due to some protein fractions contributing towards hardness.

Tannin is commonly present in the pigmented pericarp and testa layer in
wm. Condensed tannin are formed by polymerisation of molecular units, of flavanoids
as flavan-3-ols (catechin) and flavan-3,4-diols (leucoanthocyanidins). Flavan-3-ols give
o anthocyanidins Swain and Bate-Smith (1962), Harris (1969), Weinges et al. (1969) and
erson and Butler (1983), Ellis (1972), Harris and Bums (1973), Murty (1975) and
»unathan ef al. (1986) reported that sorghum seed tannin content is strongly and negatively
*lated with seed molding indices.

The present study confirms the finding of above researchers that flavan-4-ols
detected only in coloured grained crosses, and mold infestation was also less and there by

&

ins exhibited positive significant correlation with flavan-4-ols and mold resistance.

uru (1992) also reported similar finding,

relation between protein fractions and physical characters

indicated from the present study that albumin and globulin has shown significant positive
elation with prolamin and cross-link prolamin, however, highly negative significant
ciation was established with glutelin, glutelin-like, endosperm texture and germination.
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Kumari et al. (1992) noticed intense deposition of protein in hard grain than in
in. Indira et al. (1991) and Kumari and Chandrashekar (1992) reported that prolamin is
sntributing to hardness of grain and comeousness (vitreous) endosperm contains higher
n and such grains are less deteriorated due to grain mold fungi. Glueck and Rooney
Mukuru (1982), Bandyopadhyay (1988) and Somani (1992) noticed that non pigment
apact cell layer beneath the aleurone layer was present in resistant cultivars. Kumari et
192) noticed more prolamin in these 5-6 compact layer. Similarly Abdelrahman and
y (1984) reported role of cross-link prolamin in grain mold resistance.

It is observed from the present study that glutelin-like and glutelin has
:ant positive correlation with endosperm texture and germination and ncgative
:ant association with grain hardncss. It is scen that with more floury endosperm, there is

on in grain hard and inc in germi
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CHAPTER VI
SUMMARY
Grain mold is a major production consiraint of carly maturing, high yielding sorghum
cultivars, in Vidarbha region of Maharashtra There are number of fungal species involved in
the gmn mold complex, but the important pathogenie fungi are: Fusarium montliforme, F.
pallidoroseum, and C lunata

The present nvestigation was carried out to determine the mechanism of host
resistance, including physical, agronomic and biochemical parameters, and understand
genetics and heritability of various parameters imparting resistance to grain mold in selected
sorghum lines.

For incorporation of mold resistance into chie material of good grain quality,
following aspects were investigated after performing 10 x 10 diallel, excluding reciprocals,
viz,, amount of heterosis and heterobeltiosis, the general and specific combing ability for
selection of potential parents and crosses. and to ascertain the inheritance of some important
quantitative ( physical, biochemical ) characters associated with grain mold resistance

The expenimental material was selected from germplasm  collection of
Sorghum Research Unit, Dr. PDKV, Akola and ICRISAT, Patanchery, India, comprised of
10 parental lines, SPV-1201, ICSB-101B, SPV-946, GJ-35-15-15, SR1-26B, (elite), SPV-
04, AKms-14B (susceptible), 1S-2284, 1S-6335 and 15-9471 (resistant), havingwide range of
ariability. During the Kharif 1994-95 and 1995-96 these parents were crossed to make half
fallel (excluding reciprocals) to obtain 45 crosses An experiment was conducted during
harif 1995 at Akola (10 parents + 45 crosses) to study the mold reaction under natural

mdition besides agronomic traits, plant characters and to obtain F, sced. Another

iperiments was carried out during Kharif 1996 at both locations, Akola under natural
wnditions and at Patancheru under controlled condition using 10 parents, 45 F; crosses and
F; progenies in a randomize block design.

Data were recorded on plant height, days to 50% flowering, cob length, thresh
ip mold rating (TGMR), 100-grain weight, glume c”olor, glume covering, grain hardness,
W‘m texture, pericar mesocarp thickness, presence of testa layer and clectrical
m grtin leachates, Biochemical characters, such as proteins, proteins fractions
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(albumin and globulin, prolamin, cross-link prolamin, glutelin-like, glutelin and residucs)
soluble sugars, tannins and flavan-4-ols were also studied.
Data were also recorded on grain infection and colonization by of F.
noniliforme, F. pallidoroseum, C. lunata and other fungi, on pre-treated and untreated
erminated and ungerminated seed of parents and F, grown at Akola, Kharif 1995 and
arents, Fy and F; grown both at Akola and Patancheru, Kharif 1996. Seed germination was
scorded using Ragdoll’s (rolled paper towel) method and standard blotter plate method of
3TA (1976). Observations were recorded on five plants from F, and 15 plants from F
rogenies in cach replication.  Arithmetic averages of scores were used for further
mputation. Data were analysed as per Griffings (1956 b ) method 2 model 1 as further
‘tended by Singh (1973 a, 1973 b) and standard method suggested by Panse and Sukhatme
954). The salient features of the results pertaining to mean performance, heterosis,
mbining ability, physical, agronomic, biochemical traits effect of pre-treatment on fungal
1d, histopathology of infection and correlation are summarized below :

Significant gea in positive direction for 100-grain weight indicated that parent
-35-15-15 and sca for crosses, SPV-1201 « SRT-26B and AKms-14B x IS-6335 were
ving high value for this character along with superior performance for many other
wacters. Similarly for germination sca cffects for crosses AKms-14B » 18-6335, AKms-
3 x [S-9471 and SPV-1201 » SRT-26B were found to posses high germination percentage
| were resistant to grain mold with many other grain mold resistance contributing factors in
wnd F diallel.

Heterosis and heterobeltiosis were studied for all the characters. The highest
mates of heterobeltiosis were up to 18.75% for 100-grain weight, 5.49% for - grain
Iness, ~19.63% for endosperm texture, -80.89% for electrical conductivity, -22.04% for
i 10 50% flowering, -19.04% for plant height, 19.54% for cob length, 25.00% for glume
ring, -64.39% for mesocarp thickness, -61.11% for TGMR, -62.41% for F. moniliforme,
5% for F. pallidoroseum , -52.72% for C. lunata, ~22.22% for other fungi, 2.29% for
e sugars, 0.07% for tannins and 48.37% for flavan-4-ols. Crosses having significant
ive heterobeltiosis for germination was recorded in 17 and first four were SPV-1201 x
26B, SPV-1201 x ICSB-101B, ICSB-101B x SPV-946‘ and ICSB-101B x IS-9471.

arly, 37 crosses exhibited significant positive heterosis for germination, first four higher
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itude crosses were AKms-14B x 1S-6335, AKms-14B x IS-9471, ICSB-101B x AKms-
and ICSB-101B x IS-9471,

The mean squares due to genotypes were significant which indicated the
:nce of substantial degree of diversity for all the characters studied. Variance due to goa
sca were significant for almost all the characters. This indicates the importance of
tive as well as non-additive type of gene action in the expression of these characters, But
¢r magnitude of variance due to gea revealed that additive gene action was predominant
‘haracters like cob length, TGMR, F. momiliforme and C. lunata in F, crosses and F;
el progenies. Additive gene action was also predominant for the characters like 100-grain
tht, grain hardness, endosperm texture, glume covering, tannins and flavan-4-ols in F,
ses. For germination and F. pallidoroseum the variance due to gca was lower than sca
cating non additive gene inheritance in F, and F, progenies; electrical conductivity, DTF,
it height, mesocarp thickness other fungi, proteins and soluble sugars indicated non
itive gene action in F; crosses and grain hardness, glume covering in F, progenies.

Germination test is a standard evaluation method of grain mold resistance.
ed on this, the crosses having significantly high specific combing ability effects for
mination percentage are considered useful for the purpose of resistance to grain mold.
itive and significant sca effect for germination percentage was obtained in 15 crosses of F;
el set. The sca effects of AKms-14B » IS-6335 and AKms-14B x IS-9471 crosses were
higher magnitude exhibiting significant superiority over other crosses. The next better
up of crosses included five crosses ICSB-101B x IS-9471, 1S-2284 x 1S-6335, SPV-104 x
9471, SPV-104 « IS-2284, I1S-101B « 18-2284, SPV-104 x IS-6335 and SPV-1201 x
T-26B. Only cight progenics exhibited significant positive sca effects for germination
ventage of F; diallel of which first four higher magnitude progenies were AKms-14B x
6335, SPV-1201 x SRT-26B, AKms-14B x GJ-35-15-15 and SPV-946 x IS-6335.

On the basis of average over two locations the highest 100-grain weight, in
wents was recorded in SPV-104 (2.72 g) and (2.66 g), however, cross SPV-1201 x SPV-
34 (2.94 g) exhibited highest grain weight in F, diallel. Hundred grain weight was less in
1the entries tested at Patanchery dusing 1996, under controlled condition.



148

Maximum grain hardness was exhibited 1n parents SPV-1201 (7.35 kgjem®)

1088 SPV-1201 « GJ-35-15-15 (7.64 kg/em?) . Colored parents and crosses

shibited less breaking strength as compared to white. Over all, less breaking strength was

recorded at Patancheru than at Akola. In general, parental line GJ-35-15-15 (24.15%) and F;

cross SPV-1201 x GJ-35-15-15 (25-13%) recorded corneous endosperm texture. Corneous
endosperm contribute toward resistance in white grain type.

In general, more electrical conductivity was recorded at Patancheru over
Akola, because grain deterioration was more under controlled condition. Five crosses viz.,
ICSB-101B « 1S-6335, AKms-14B - [S-6335. (iJ-35-15-15 - 1S-6335, SRT-26B x 18-6335
and SPV-104 x 18-6335 exhibuted carliness. More glume covering was recorded in six of 10
crosses viz, AKms-14B « 1S-6335, GJ-35-15-15 « 15-6335, SRT-26B « 18-6335, ICSB-101
x 18-2284, ICSB-101B - 1S-6335 and SPV-104 - 1S-6335, which indicated resistant reaction
o mold.

Mesocarp thickness 15 an important character for grain mold resistance. Thin
nesocarp less than (50 pm) was observed in all crosses selected on basis of germination,
hese are ICSB-101 B 1S-2284, ICSB-101B  18-6335, ICSB-101B  1S-9471, AKms-14B

18-6335, GJ-35-15-15 - 15-6335 and SPV-104 » 18-6335.

Thresh gran mold rating is an important character for evaluating of cross.
ne out of 10 crosses selected on basis of germination exhibited 2.00 or less than 2.00
MR grade indicating resistance to grain mold.

Thirty and nine crosses exhibited more than 75% germination at Akola and
tancheru, respectively. On pooled basis 24 crosses recorded germination more than 75%
ich had only two white crosses viz. SPV-1201 x SRT-26B (77.25%) and SPV-1201 x
3B-101B (75.50%) exhibited tolerant reaction to mold on germination basis. In general,
39% decrease germination and 86.26 % increase F. momiliforme load at Patancheru was
orded.

F. monibiforme is a major grain mold fungus which interfere with
bohydrate translocation causing reduction in kemel size, sced viability and germination.
Patancheru location 86.26% and 28.32 % more F. moniliforme load was observed over
slainF, and F, diallel. Five out of 10 crosses viz,, ICSB-101B x [S-6335, ICSB-101B x
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171, AKms-14B x 1S-6335, SRT-26B x IS-9471, and SPV-104 x IS-6335 exhibited less
oniliforme load over better parents and are resistant to grain mold. Over all there was
27 and 36.60% increase in F. pallidoroseum load in F, and F, progenies at Patancheru
Akola. It is comparatively of minor importance in grain molding at Akola, whereas, it is
iportant molding fungus next to C. Junata at Patancheru.

C. lunata was obscrved a major molding fungus at Akola recording 108.95 and
1% more load in F, and F, progenies over Patancheru. Five out of 10 cross viz., ICSB-
B x 1S-6335, ICSB-101B x IS-9471 GJ-35-15-15 x 18-6335, SRT-26B x 1S-9471 and
-26B x 1S-6335 estimated less C. lunata load over better parents and are resistant to grain
. C. lunata was observed a major mold fungus at Akola 108.95 and 46.34% more load
Patancheru. Positive heterosis of highest magnitude was exhibited in cross ICSB-101B x
335, however, significant heterobeltiosis was exhibited in five out of 10 crosses viz,,
3101 B x 1S-6335, ICSB-101B x 1S-9471 GJ-35-15-15 x IS-6335, SRT-26B x 1$-9471
SRT-26B x IS-6335. In general at Akola 283.44 and 46.50 % more other fungi load was
sited in Fy and F, progenies, respectively over Patancheru.

As regards to biochemicals characters, protein fractions albumin and globulin,
min, cross-link prolamin, glutelin-like, glutelin and residual protein, soluble sugars,
ns and flavan-4-o0ls was investigated from Akola 1995 seed samples. Tannins ranged
een 0.02 and 5.84 CE% in parents and F, crosses and flavan-4-ols between 0.00 and
) Am,"‘ Tannins and flavan-4-ols were positively correlated with colored pericarp and
layer. In colored grain TGMR scores of 1.75 to 2.50 suggest that tannin is deterrent to
| fungi. Nine out of the 10 crosses selected on the basis of germination percent exhibited
ficant heterosis and heterobeltiosis for tannin or flavan-4-ols or both.

In white grained sorghum the prolamin and cross-link prolamin were higher in SPV-
SPV-104 and AKms 14B and all these parental lines had greater seed hardness there by
ating that the endosperm is vitreous and prolamin and cross link prolamin contribute
ousness. It is interesting to note that prolamin and cross link prolamin were quite lower
I the colored grain parents and crosses, hence resistant to grain mold in colored grain
vars can be attributed to tannins and flavan-4-ofs rather than grain hardness.

In present f(nvestigation effect of (0.1% Hg C1;) on germination and mycoflora
oth germinated and ungerminated seed was studied. Over all there was significant
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ncrease in germination in pre-treated over untreated control was observed at both locations.
Jowever, there was 27.39% in F, crosses and 24.69% in F, progenies increased in
iermination at Akola over Patancheru 1996. For F. moniliforme there was significant
eduction in load at both locations in pre-treated seeds over untreated control. In general,
1cre was 86.26 and 28.32% increase load of F. moniliforme was observed at Patancheru over
ikola in F, and F, diallel, respectively. There was 165.27 and 36.36% increase load of F.
allidoroseum was recorded at Patancheru over Akola in Fy and Fy, respectively. At Akola,
igher load was recorded during 1996 than in 1995. For C. Junata on germinated seed
0.69% reduction in load was recorded at Akola, however, there was 21.73% increase in load

Patancheru in pre-treated over untreated control. Over all, there was 108.95% and 46.43%
crease in C. Junata load at Akola over Patancheru in F, and F, diallel respectively. For
her fungi more load was recorded at Akola than Patancheru. In Fy crosses reduction in
ngal load was recorded on ungerminated pre-treatment seed particularly of F. moniliforme,
ywever significant increase in load of C. Junata was recorded at Patancheru.

Germinated seed had negative correlation with fungal load of all fungi and
3MR at Akola, whereag at Patancheru significant positive correlation was noticed in pre-
:ated and untreated seed.  Hundred-grain weight had significant positive correlation with
MR and F. momliforme  and significant negative with glume covering and X
Ihdoroseum at Akola. Grain hardness recorded significant positive association with DTF,
mificant negative with endosperm texture and 7. pallidoroseum at Akola. Grain hardness
swed negative association with endosperm texture (-0.61) and (-0.33) at both locations.
dosperm texture had significant negative correlation with DTF (-0.52), C. /unata (-0.54),
ctrical conductivity (-0.51) germination (-0.41), mesocarp thickness (-0.39), TGMR(-0.39)
{ F. moniliforme (-0.35) at Akola, similar trend was exhibited at Patancheru. Electrical
wductivity had positive correlation with F. moniliforme , TGMR, C. lunata (Akola),
socarp thickness and days to 50% flowering at both locations, however significant
ative with F. pallidoroseum at Akola.

Days to 50% flowering had significant positive correlation with mesocarp
kness, F. moniliforme, C. lunata and TGMR, F. moniliforme exhibited significant
ative association with germination and positive association with TGMR at both locations.
lunata also exhibited positive correlation with TGMR and negative with germination at
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cola. TGMR has shown highly significant negative lation with germination (-0.78)

d (-0.83) at Akola and Patancheru, respectively.

Protein content had positive correlation with grain hardness (0.29). Total
sars exhibited significant corrclation with tannins (0.35); tannins and flavan-4-ols had
hly significant negative correlation with grain hardness and TGMR. Prolamin and cross-
k prolamin exhibited positive correlation with grain hardness (0.63, 0.55), respectively,
vever negative with germination, glutelin, glutelin-like and endosperm texture. Glutelin-
; and glutelin exhibited significant positi;«'c association with germination, endosperm
ture, whereas, negative with grain hardness, and mesocarp thickness.

Some physical and biochemical characteristics contribute to resistance to grain
'ds. In white grained sorghum greater grain hardness, low electrical conductivity, thin
ocarp, more glume covering are some of the desired traits besides more of prolamin and
amin-like protein fraction and for some of the characters respective gene (s) are dominant

have additive action. However, in red grains, condensed tannins, flavan-4-ols and
ence of testa layer are some of the biochemical characters contributing towards resistance
s, Indian sorghums are white grained sorghum, some additive desirable gene can be
rporated in white back ground source. Histopathological studies, however, confirmed the
er results of various workers. The study has clearly establisﬁed the genetics, inheritance
physical and biochemical traits for resistance.

Implication of these findings for genetic improvement of mold resistance in
wm is considered and the following suggestions are offered on breeding methodology for
r utilization of the experimental material.

‘arental lines 1S-9471, SPV-1201, 1S-6335, GJ-35-15-15 and IS-2284 with high gea effect
> most of the characters contributing towards resistance to grain mold may be utilizea in
ybrid on breeding program.

he crosses: Akms 14B x IS 6335, ICSB-101 B x 18-9471, ICSB-101B x 15-2284, SPV-
)4 « 18-6335, GJ-35-15-15 x 1S-6335 and SPV-1201 x SRT-26B exhibited high gca
Yects, desirable heterosis for most of the characters and additive gene action for
1portant traits (agronomic, physical and biochemical) related to grain mold resistance.
aerefore it is suggested that these crosses and their progenics may be utilized to generate
Hter tolerance to grain mold infection.

\portant traits imparting resistance to grain mold fungi are: low clectrical conductvity,
in mesocarp, low, TGMR, grain hardness, more glume covering, more tannins, more
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Table 3 Analysis of variance (Pooled F,) for physical, agronomic and pathological traits, Akola and Patancheru, 1996

Sources and degrees of freed
Environ-  Treat-  Parents F, Parents  Treat-  Parents F2 Parents Error

Sr. ments ments crosses vsFy ments  x Env. crosses vs.F
N;; Characters Locsttins) crosses  xEnv. xEnv.  crosses x
) Env.
O 4 ) (44) 1) ©) (44) ) (108)
(9
1 Grain hardness 341.10%*  5.42**  490** 3.53** O03.71** 3.48%* 265%% 3.55%* 7.55%* 0.50
2  Ele.conductivity 269.45** 33.45** 39.75** 31.97** 4206** 9.76** 17.56** S5.01** 148.62** 1443.08
3 Plant height 308.94**  6.80** 18.16** 4.56** 3.24 3.15%* 1.59 2.68%* 37.70** 45894
4 Cob length 0.30 5.44**  6.06** 4.86** 2539** 1.55* 1.47 1.48* 5.72%* 3.77
5 Glume covering 0.11 337 6.09**  2.79** 4.81* 0.87 0.85 0.90 0.02 41.04
6 TGMR 140.22** 10.17** 2831** 4.23** 108.05** 2.36** 5.00** 1.61* 11.23** 11.82
7  Germinaton 215.10**  7.63** 12.40** 4.44** 104.86** 2.57** 1.86 2.08** 30.52%* 46.24
8 F. moniliforme 130.25**  1.81** 2.87** 1.13 22.02** 1.01 1.26 0.95 1.15 121.77
9 F pallidoroseun 101.49** 1.16 1.01 0.97 11.18** 1.41* 1.49 0.50 40.89** 31427
10 C. lunata 116.39**  2.59**  3.59** 2.35** 4.28* 147 1.80 1.40 1.92 94.42
11 Other fungi 70.46** 1.15 1.16 1.08 4.02* 1.52* 0.80 1.10 26.66** 29.77

Figures in parenthesis indicate degrees of freedom
. Significant at 5%
**  Significantat 1%
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Table. 4  Analysis of variance for biochemical characters of parental lines and F; crosses at Akola, 1995.

Akola 1995
Sources and degrees of freedom
SrNo Characters Replications  Treatments Parents Hybrids Parents vs. Error
o Hybrids

@ (&) ® 4 U] (54
1 Protein 0302 211.761** 65.035%+ 104.552**  6249.488**  0.00103
2 Soluble sugars 0.507 8.629** 9.018+* 6.565* 95.940**  0.00324
3 Tannins 3206 2061.853**  3809.883**  1747.343** 168.055**  0.00028
4 Flavan-4-ols 3.558 846.121**  1267.962** 769.066** 439.937**  0.0028

Figurcs in parenthesis indicate degrees of freedom.

* Significant at 5%
*  Significant at 1%
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wle 5 Condt.. .. ...
2

3 4 5 6 7 8 9 10 11 12 13 14 15 Y 17

SRT - 26B x GJ-35-15-15 2.16 159 188 695 452 574 41.30 33.25 37.28 14950  407.00 27825 7000 73.00 7150
SRT - 26B x SPV - 946 238 202 220 584 453 5.18 4635 41.90 44.13 174.00  267.50 220.75 7200 75.00 7350
SRT-26Bx SPV - 104 272 213 242 645 399 522 5255 5065 51.60 166.50 329.00 24750 6650 T1.50  6€9.50
SRT-26Bx IS -2284 227 131 204 536 492 514 4675 5770 5222 11900  140.00 129.50 60.50 71.50 6600
SRT - 26B X IS — 6335 231 187 209 609 418 S5I13 5965 6015 5990 12300 8450 10375 5950 60.00 5975
SRT-26Bx IS - 9471 215 215 215 563 353 458 3450 64.00 4925 20100 11300 15700 70-50 71.00 7075
GJ-35-15-15 X SPV — 946 250 172 211 768 377 S73 3615 3045 3330 184.50 31850 25150 76.00 78.50 7125
GJ-35-15-15x SPV 104 226 212 219 728 38 555 4835 4110 4472 186.00 387.00 28650 7250 74.00 7325
GJ-35-15-15x IS ~ 2284 192 156 L74 703 427 565 4630 5910 5270 12900 168.00 12850 65.50 77.00 7125
GJ-35-15-15x IS - 6335 203 LS] L77 577 406 491 4685 6110 5397 10650 120.00 11325 63.00 6700 6500
GJ-35-15-15x IS - 9471 202 184 1.93 591 424 507 4290 61.60 5225 157.00 172.00 164.50 72.00 71.50 7025
SPV - 946 x SPV — 104 279 213 246 641 385 513 4340 4430 4385 13850 47500 30675 7200 7850 7525
SPV - 946 x IS — 2284 248 174 211 622 452 537 3550 5570 4560 108.00 11550 11175 66.00 7150 6875
SPV - 946 x IS — 6335 199 172 185 699 472 58 3605 5380 4452 11550 12650 12100 67.50 9350 7550
SPV -946 x IS 9471 204 207 206 642 435 539 4575 5675 51.25 12250 82.00 10225 74.50 5900 6675
SPV-104x1S2284 232 203 217 445 358 401 7225 5635 6430 11850 25250 18550 68.50 74.00 7125
SPV - 104 x1S 6335 24 199 216 533 344 438 7400 6425 69.13 114.50 169.50 14200 63.00 5900 6100
SPV - 104 x 1S 9471 27 259 265 469 358 4.13 6855 6320 6588 107.50 104.00 10575 64.00 59.00 6150
1S 2284 x IS -6335 176 163 169 683 436 55 5320 55.85 54.53  108.00 188.50 14825 6200 70.50 6625
1S2284 x IS - 9471 154 176 136 563 475 5.19 5365 62.05 57.85 114.00 187.00 15050 70.00 7400 72.00
1S 6335 x IS 9471 2.19 175 197 532 437 4.85 5340 56.65 55.03 90.00 159.00 124.50  62.0() 59.00 60.50
Parental range 169 1.36 160 591 2.78 443 2240 2590 24.15 105.00  214.00 62.50
. 0 to [ o To o [ to 1o to to to

290 254 272 867 603 735 5695 59.15 57.23 300.50  846.50 7825

Hybrid range 1.76 1.51 168 39 282 340 2115 2555 2513 90.00 82.00 5975
L] to to o To w0 [0 to to to to to

341 258 294 785 743 764 7400 66.60 69.13  237.50  485.00 8075

SE (m) 0.155 0.090 0245 0479 0.549 1051 2628 3402 3730 17.909 42758 3452
CD at 5% 0.442  0.257 0.710 1367 1567 3000 7.502 9711 10.650 51.110 122.028 9.854

L, = Akola L, = Patancheru
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Table 12 Contd.. .. ..

1I-16

1 2 3 4 5 6 7 8 9 10 11 12
25  SRT-26BxGIJ-35-15-15 232 -1.57 -2.90 9.15 2327 262 -14.78 -25.35* -4.51 -8.63**
26  SRT-26Bx SPV-946 18.36 12.39 -5.71 -5.73 30.40 21.47 -34.28** -40.78**  -1.5] -5.47
27 SRT-26BxSPV-104 8.15 -10.94 5.09 -5.14 20.21 419 -46.49**  -55.22**  -785** -11.82**
28 SRT-26Bx1S-2284 21.34 1591 -3.83 -6.50 12.40 <173 -52.04**  -65.26* -881**  -95.90**
29 SRT-26BxIS-6335 22.94* 18.75 -11.49 -1583 29.90* 116 61.63**  -72.17** -10.82** -16.43**
30 SRT-26BxIS-9471 20.20 18.29 -18.32 -19.86 5.29 -13.94 -41.96** -57.88**  -0.70 -1.05
31 GJ-35-15-15x SPV - 946 9.26 -1.79 -3.01 927 20.00 6.22 -13.16 -15.89 -0.96 -1.28
32 GJ-35-15-15x SPV 104 -5.30 -19.49* 3.42 -12.00 21.41 -9.69 -31.25%*  -48.22**  -6.39* -6.39*
33 GJ-35-15-15x 1S - 2284 -093 -8.79 -1.80 -10.50 30.53* -6.89 -33.63 -47.01**  -594* -8.95**
34 GJ-35-15-15x IS - 6335 0.00 -6.96 -20.79 -22.14 34.85* -3.44 -49.47%*  -59.59**  -7.64** -1693**
35  GJ-35-15-15x IS - 9471 3.69 1.31 -15.61 -19.60 28.42* -8.69 -26.64 -41.30* -3.85 -8.31*
36 SPV-946xSPV-104 529 -9.47 3.40 -6.64 8.44 -11.46 -28.01**  -4455** 353 =383
37 SPV-946x1S-2284 18.26 7.54 0.40 -2.36 3.70 -19.43 -52.06** -62.63**  -8.94** -11.58**
38 SPV-946 x IS - 6335 299 -5.36 0.99 -398 298 -19.63 -48.18**  -59.53** 766  -2.29
39  SPV-946x159471 887 498 -395 -5.77 15.72 -10.44 -56.23**  -65.80** -10.25** -l4.15**
40 SPV-104x1S2284 0.64 -20.04*  -16.57 -22.71 21.18* 13.60 -48.51**  -66.47**  -594* -8.95**
41 SPV-104x1S6335 -0.80 -20.50*  -16.74 -28.13* 3i.14%* 23.66* -60.62**  -7433**  -1332** -22,04**
42 SPV-104x1S9471 16.69 -2.67 -18.48 -27.65* 23.42% 15.12 -70.69=*  -80.89** -17.59"* -21.4]1**
43  1S2284x15-6335 455 335 -0.95 -8.28 -3.07 -3.67 -11.56 -11.76 -2.39 -9.56**
44 1S2284xIS- 9471 8.48 2.06 -481 -9.14 1.65 1.09 10.28 -10.55 017 -7
45 1S 6335 x IS 9471 14.10 8.53 -17.87 -20.54 -2.72 -384 2595 -26.00 9.36**  -14.79**

SE (m) 0.193 0.223 0.671 0.755 5274 6.091 39.798 45.955 1972 2277
CDat 5% 0.382 0.441 1.330 1.536 10.456 12073 78.887 91.090 3.908 4513

* Significant at 5%
**  Significant at 1%
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Vi-6

Table 29 Condt .. ...
1 2 3 4 5 6 7 8 9 10 11 12 13
25 SRT-26BxGJ-3515-15 -0.335 -50.451*  -31.463** -0.124 0.748 -0.327 3.263 4211 0.162 -10.513*  2.169
26 SRT-26BxSPV-946 -0.631 50.091%* -0.082 -0.910 -1.612 -0.292 3.800 -6.425 -0.931 5.103 2215
27 SRT-26BxSPV-104 -0.450 -1.138 20.472% 0.299 2.534 -0.240 0.998 -6.582 -2.190 5.121 0.797
28 SRT-26BxIS-2284 0.617 54299**  24.505** -2.628** -3862 0.223 -4.681 -5.342 -0.586 1.819 -0.346
29 SRT-26BxIS-6335 -1.112**  8.049 29.108**  0.880 -5.778 -0.194 5.327 3.042 -1.070 6.433 0.676
30 SRT-26BxIS-9471 0.567*  -66.722**  23.364** 1324 117 0.171 0.712 6.440 -0.891 2.899 -0.654
31  GJ-35-15-15x SPV - 946 -0.268 112.424**  -11.086 0.765 -1.362 -0.138 1.301 -0.923 <2.512 -3.296 1.870
32 GJ-35-15-15x SPV 104 0.135 64.195**  -2.507 0.424 -0.466 -0.011 -3.315 3.680 0.414 3.581 -2.358
33 GJ-35-15-15x 1S -2284 0.309 -45867**  14.101 3.722** 8388** .0.248 5.247 L7110 2.391 -0.320 -1.941
34 GJ35-15-15x 1S - 6335 £0.657*  -5.367 - 9997 0.105 -4.778 -0.090 -1.102 5.834 -0.403 -1.757 -1.259
35 GJ-35-15-15x1S-9471 0.789 -3.388 0.810 1.224 -1133 -0.125 -3.657 3.702 0.256 -1.451 -0.519
36 SPV-946 x SPV - 104 0.047 8.987 7974 -1.037 0.430 -0.300 7.053* 0.084 -0.809 -3.612 -2.322
37 SPV-946x15-2284 1.098** 29674 -21.617* 0.036 4.284 -0.138 0.464 6.894 -0.105 0.886 1875
38 SPV-946xIS-~-6335 0.059 -16.576 50.985**  2.645** 11.617** 0.021 8.017** -4.912 -1.608 -2.310 4357 %
39 SPV-946x1S 9471 0.252 -38.347* -11.434 -0.062 2.763 -0.165 1.357 5.826 -0.299 -2.264 -2.333
40 SPV-104xIS2284 20.535 -24.055 16.137 0.095 10.180°*  0.139 3.796 -0.753 -0.482 4.194 -1.753
41 SPV-104x1S6335 <0.058 51.695°*  -10.386 0.853 -1.737 -0.177 -1.337 5311 1.475 2.528 -0.001
42 SPV-104x159471 0.165 -46.576**  -14.655 0.597 -3.091 0.13 1.296 10.779* 1.544 -3.877 0.409
43 1S2284 x1S-6335 -0.609 46.633**  -19.453 -1.024 -8.133**  0.060 -4.031 13.791** 2519 -6.984 -2.617
44 1S2284x1IS- 9471 0.639 7.612 -14.472 1.370 -3.237 0.075 4.944 7.409 -0.542 -7.868 -1.174
45 1S6335 x 1S 9471 0482 31862 18695 0.003 3.847 0.233 1.999 2.023 0565 -3.045 _ -2392
SE (Sij) 0.326 17.496 9.867  0.895 2951 0171 3132 5.082 1277 4475 2513
SE (Sij- Sik) 0.480 25718 14.503 1.316 4337 0.252 4.604 7.471 1.877 6.578 3.694
SE (Sij - Skm) 0.457 24.521 13.828 1.255 4135 0.240 4.389 7123 1.790 6.272 3.522
CD (Sij) at 5% 0.646 34659 19.546 1.774 5.845 0.339 6.204 10.068 2.530 8.822 4978
* Significant at 5% F.m. = F. moniliforme
**  Significant at 1% F.p. = F pallidoroseum
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Vin-s
Table 35. _Effect of pre-trcatment on F. pallldoroseum (%) (GS) of parents and F, crosses at Akola and Patancherui, 1996

SN, Parents/Crosses Patancheru Pooled over | Ioc-mnl
Untrealed l'uale(l Mean Untreated Treated Mean Untroated Treatesd
1 2 3 4 5 6 7 8 9 10 11
1 SPV-1201 0.00 067 033 6.00 5.33 567 3.00 3.00 300
2 ICSB-101B 0.00 467 233 333 333 333 1.67 -4.00 283
3 Akms-14B 0.00 533 267 0.00 0.00 0.00 0.00 1267 133
4 SRT-26B 0.00 4.00 200 133 4.00 267 167 -4.00 283
s GJ-35-15-15 0.00 6.67 333 4.00 0.00 200 200 3.33 267
6 SPV-946 0.67 6.00 333 6.00 333 467 © 333 -4.67 400
7 SPV-104 0.00 6.67 3.33 0.00 0.00 0.00 0.00 3.33 167
8 15-2284 133 267 200 12.00 6.00 9.00 6.67 4.33 550
9 1S-6335 267 267 267 733 533 6.33 5.00 -4.00 450
10 1S-9471 0.67 0.67 067 6.00 6.00 6.00 333 333 333
11 SPV-1201 x ICSB-101B 1.33 0.00 067 4.00 4.67 433 267 233 250
12 SPV-1201 x Akms-14 B 0.00 267 133 8.67 267 5.67 433 267 350
13 SPV-1201 x SRT - 26B 0.00 2.00 1.00 8.00 6.67 733 4.00 4.33 417
14 SPV-1201 x GJ-35-15-15 0.00 267 133 6.67 4.67 5.67 333 3.67 350
15 SPV-1201 x SPV -946 0.00 067 033 5.33 6.00 5.67 267 33 300
16 SPV-1201 x SPV- 104 0.00 067 033 4.00 267 333 200 167 183
17 SPV-1201 x IS -2284 200 0.00 1.00 867 133 5.00 533 0.67 300
18 SPV-1201 x 1S-6335 0.00 2.00 1.00 867 267 567 433 23 333
19 SPV-1201 x IS - 9471 200 067 133 6.67 200 433 433 1.2 283
20 ICSB - 101B x AKms 14 B 133 0.67 1.00 6.00 6.67 6.33 367 3.67 367
21 ICSB - 101B x SRT- 26 B 0.00 1.33 0.67 5.33 467 5.00 267 3.00 283
22 ICSB - 101B x GJ-35-15-15 0.00 0.00 0.00 14.67 6.00 10.33, 7.33 3.00 517
23 I[CSB - 101B x SPV - 946 267 133 2.00 8.00 4.00 6.00 533 267 400
% ICSB - 101B x SPV - 104 0.00 267 133 6.67 4.67 567 333 3.67 350
25 ICSB - 101B x IS - 2284 0.00 267 133 533 4.67 5.00 267 3.67 317
26 ICSB - 101B x IS - 6335 067 067 0.67 6.67 333 5.00 367 200 283
27 ICSB -101B x 1S - 9471 133 0.00 067 6.00 6.00 6.00 367 3.00 333
28 AKms - 14 B x SRT - 268 133 067 1.00 3.33 4.00 3.67 233 2.3 233
29 AKms - 14 B x GJ-35-15-15 333 133 233 4.00 6.00 5.00 367 3.67 367
30 AKms -14 B x SPV - 946 0.00 0.67 033 333 200 267 167 1.3 150
31 AKms - 14 B x SPV - 4.00 200 3.00 4.00 333 367 4.00 267 333
32 AKms - 14 B x 1S - 2284 4.00 133 267 10.67 333 7.00 733 233 483
33 AKms - 14 B x IS - 6335 333 2.00 267 8.00 4.00 6.00 567 3.00 433
34 AKma- M BxIS-9471 133 067 1.00 7.33 533 6.33 4.33 3.00 367
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Table 47.Contd.. .... ..
1 2

S AT 5 6 7 [] 9 10 11
35 SRT-26BxGJ-35-15-15 360 2560 310 300 200 250 330 230 280
36  SRT-26Bx SPV-946 1.10 150 1.30 6.10 1.40 3.75 360 145 253
37 SRT- 26B x SPV -104 1.20 120 120 3.00 1.50 225 210 135 173
38 SRT-26B x [S - 2284 0.60 1.00 0.80 5.00 0.50 275 2380 075 178
39 SRT-26B x IS - 6335 1.80 220 2.00 4.00 1.00 250 290 1.60 225
40 SRT-26B x IS - 9471 2.40 220 230 3.50 1.00 225 295 1.60 228
41 GJ-35-15-15 X SPV - 946 0.34 0.34 034 150 1.00 125 092 0.67 080
42 GJ-35-15-15 x SPV- 104 286 196 24 1.00 1.50 125 193 173 183
43 GJ-35-15-15xIS - 2284 4.46 214 330 800 300 550 623 257 440
4“4 GJ-35-15-15x IS - 6335 220 020 120 5.00 3.00 4.00 3.60 1.60 260
45 GJ-35-15-15x 1S - 9471 292 280 286 476 1.00 2388 384 1.90 287
46 SPV - 946 x SPV- 104 220 1.40 1.80 5.00 3.00 4.00 3.60 220 290
47 SPV-946x IS - 2284 4.40 220 3.30 4.00 250 325 4.20 235 328
48 SPV - 946 x IS- 6335 3.42 2.16 279 266 134 2,00 3.04 176 240
49 SPV - 946 x IS 9471 3.76 3.00 338 480 160 320 428 230 329
50 SPV-104x [S 2284 230 240 235 3.66 1.00 233 298 170 234
51 SPV - 104x IS 6335 3.70 5.10 4.40 5.00 150 325 435 330 383
2 SPV-104x IS 9471 4.60 286 373 450 1.00 275 455 193 324
53 18 2284 x18-6335 6.04 352 4.78 4.00 300 3.50 5.02 326 414
b 1S 2284 1S -9471 374 0.92 233 450 0.50 250 4.12 on 242
55 ISEMSxIS9ATL 534 410 amn 534 234 384 534 322 428
Mean 229 218 224 372 240 306 291 229 260
% increase (+)/decreasc(-) (-)a.80 (-)35.48 (2130
over untreated
% increase over localion 36.60
(Akola)
SE (m) CD 5% SE (m) CD 5% SE (m) CD5%
A 0.148 0.409 0.205 0.569 0.216 0.598
B 0.775 2147 1076 2983 1.133 3.139

AXxB 1.095 3.036 1522 4220 1.602 4441
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Table 50 . Contd.. ... .
1 2

vi-oo

3 4 s 6 7 8 9 10 11
35 SRT- 26B x GJ-35-15-15 330 2.80 305 3.50 3.10 330 3.40 295 318
36 SRT- 26B x SPV - 946 370 2.90 3.30 3.50 285 3.18 360 288 324
37 SRT- 26B x SPV -104 4.00 3.40 370 3.88 3.25 356 394 333 363
38 SRT-26Bx IS -2284 323 258 290 3.50 238 294 336 248 292
39 SRT-26B x IS - 6335 3.60 2.80 3.20 294 250 272 327 265 286
40 SRT-26B x IS - 9471 3.00 260 280 326 292 3.08 313 276 294
a1 GJ-35-15-15x SPV - 946 3.55 292 323 4.00 323 3.62 378 3.07 342
42 GJ-35-15-15x SPV- 104 3.80 335 3.58 4.00 3.00 3.50 3.90 3.18 354
43 GJ-35-15-15x 1S - 2284 3.38 274 3.06 3.50 250 3.00 344 262 303
44 GJ-35-15-15x 18 - 6335 267 240 253 338 3.05 321 3.02 273 287
45 GJ-35-15-15x IS - 9471 3.19 254 286 3.00 255 278 3.09 254 282
46 SPV - 946 x SPV- 104 3.80 3.60 3.70 363 275 3.19 3n 3.18 344
47 SPV - 946 x IS - 2284 350 270 3.10 3.88 3.15 351 3.69 293 33
48 SPV - 946 x [S- 6335 292 234 263 275 3.00 288 283 267 275
49 SPV - 946 x IS 9471 294 2.30 262 320 3.00 3.10 3.07 265 286
50 SPV - 104x 1S 2284 387 3.07 .47 384 275 329 385 291 338
st SPV - 104x IS 6335 3.90 303 3.46 350 3.00 325 370 3.01 338
52 SPV - 104 x 1S 9471 379 297 338 275 275 275 327 2.86 306
53 1S 2284 x1S-6335 270 1.88 229 325 325 326 298 256 277
54 1S 2284 x1S-9471 244 175 2.10 275 250 263 260 213 236
35 1S 6335 x IS 9471 269 213 241 1.84 167 1.75 226 1.90 208
Mean 333 274 303 332 295 3.14 333 285 309
% increase (+)/decrease(-) -N77 (-)11.14 (-)1441
over untreated
% increase over location 3.63 (Akola)
SE (m) CD 5% SE (m) CD 5% SE (m) CD 5%
0.041 0.113 0.047 0.131 0.052 0.151
0.214 0.595 0248 0.688 0.275 0.800
AxB 0.304 0.841 0.351 0972 0.388 1.128
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Table 52. Eftlcct of pre-treatment on £

roniliforme (%) (Ubé; of parents and F, prog at Akola and Patancheru, 1996

S.N. Parents/Crosses Akoln Patanchens Pooled over locations
Untrested Treatcd Mceun Unuented Treated Mecan Untreated Treated
1 2 3 A H 6 7 8 10 11
1 SPV-1201 8.00 800 8.00 2200 2733 2467 15.00 17.67 16.33
2 1CSB-101B 8.67 8.67 8.67 3267 34.67 3367 20.67 2167 21.17
3 Akms-14B 21.33 16.00 18.67 28.00 56.00 4200 24 67 36.00 30.33
4 SRT-26B 5.33 8.00 6.67 3867 37.33 38.00 22.00 2267 233
5 GJ-35-15-15 6.67 8.67 767 3467 36.00 3533 20.67 2233 21.50
6 SPV-946 6.00 8.00 7.00 37.33 44.67 41.00 21.67 26.33 24.00
7 SPV-104 18.67 1467 16.67 40.67 67.33 54.00 29.67 41.00 3533
8 1S-2284 4.00 333 367 933 20.00 1467 6.67 11.67 9.17
9 1S-6335 267 4.00 333 8.00 1533 1167 5.33 9.67 7.50
10 15-9471 2.00 267 233 10.67 13.33 12.00 6.33 8.00 717
n SPV-1201 x ICSB-10iB 6.36 4.40 5.38 12.20 10.34 1127 9.28 7.37 833
12 SPV-1201 x Alams-14 B 9.16 7.60 8.38 29.16 19.50 2433 19.16 1355 16.36
13 SPV-1201 x SRT - 2683 6.10 6.30 6.20 23.50 14.16 18.83 14.80 10.23 1252
" SPV-1201 x GJ-35-15-1% 5.70 4.90 5.30 16.00 13.00 1450 10.85 8.95 9.90
15 SPV-1201 x SPV -946 7.76 6.26 7.01 23.00 17.70 2035 15.38 11.98 13.68
16 SPV-1201 x SPV- 104 8.30 7.86 8.08 30.00 29.26 2963 19.15 18.56 18.86
17 SPV-1201 x 1S -2284 6.96 5.50 6.23 10.50 7.26 888 873 6.38 7.56
L] SI'V-1201 x 18-6335 6.56 416 486 14.00 7.76 1088 9.78 6.96 787
19 SPV-1201 x IS - 9471 6.30 4.60 5.45 14.50 12.50 1350 10.40 855 9.48
2 ICSB - 101B x AKsns 14 13 7.42 5.50 6.46 2250 2234 2242 14.96 13.92 14.44
21 ICSB - 1018 x SRT- 26 B 3.80 2.80 3.30 2534 24.34 2484 14.57 13.57 14.07
2 1CSB - 10113 X OJ-3515-15 7.20 4.40 5.80 11.76 10.76 1126 9.48 7.58 8.63
Pl ICSB - 101D x SPV - 916 10.40 7.40 8.90 20.00 1326 16.63 16.20 10.33 1277
A ICSB - 101B x SPV - 104 9.60 7.00 8.30 39.50 39.00 3925 245 23.00 2378
23 ICSB - 10IB x 1S - 2284 570 420 4.95 20.76 15.00 17.88 13.23 9.60 11.42
2% ICSB - 10IB x IS - 6335 3.30 216 273 11.76 12.00 1188 7.53 7.08 7.31
ped ICSB -101B x 1S - 9471 396 366 381 17.50 16.00 16.75 10.73 9.83 10.28
-] AKms - 14 B x SRT - 261 10.20 8.00 9.10 37.50 33.50 3550 2385 2075 22.30
» AKu - 14 B x GJ-35-15-15 9.00 720 810 27.00 24.66 2583 18.00 15.93 16.97
0 AKms -14 B x SPV - 946 7.80 6.20 7.00 32.00 40.50 36.25 19.90 2335 2163
3 AKms - 14 B x SPV - 104 22.46 16.30 19.38 49.00 3850 4375 3573 27.40 31.57
32 AKmSs - 4B x 1S - 2284 7.80 600 6.90 21.00 17.50 1925 14.40 11.75 13.08
3 AKmS - 14 B x15 - 6335 5.66 366 466 17.50 14.50 16.00 11.58 9.08 10.33
M AKnB- MDXIS- 9471 6.50 580 615 1900 15.00 17.00 1275 10.40 11.58
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Tabk 63. Contd..

ss SRT- 26Bx G.l 351515 667
3% SRT-26B x SPV - 946 16.56
37 SRT- 26B x SPV -104 7.78
38 SRT-26B x IS - 2284 15.56
39 SRT- 26B x IS - 6335 2111
40 SRT- 26B x IS - 9471 17.78
41 GJ-35-15-15x SPV - 946 13.33
42 GJ-35-15-15x SPV- 104 54.45
43 GJ-35-15-15x 1S - 2284 14.45
“ GJ-35-15-15x 1S - 6335 333
45 GJ-35-15-15x IS - 9471 2111
46 SPV - 946 x SPV- 104 48.89
47 SPV-946 x IS - 2284 333
43 SPV - 946 x IS- 6335 5.56
49 SPV - 946 x 1S 9471 10.00
50 SPV-104x [S2284 18.89
st SPV - 104x IS 6335 37.78
52 SPV - 104 x 159471 16.67
3 1S 2284 x 15-0335 10.00
54 1S 2284 x 1S -9471 8.89
35 1S 6335 x IS 9471 5.56
Mcan 19.91
% increase (+Ydecrcase(-)
over untreated
% increase over location
SE (m)
A 0.452
B 2368
AXxB 3.348

LX7 R

1222

333
17.78
15.56
15.56

45.56
14.45
111
17.78
44.45
1.1
222
10.00
13.33
30.00
14.45
11
222

_.z2

14.24

CD 5%
1.252

9 281

5.56 733 10.00 867 7.00 722 741
13.89 16.00 14.00 15.00 1578 13.41 14.44
556 30.67 28.00 2933 19.2 15.67 17.44
16.67 12.00 21.33 16.67 13.78 19.56 16.67
18.33 10.00 10.67 1033 1556 13.11 1433
16.67 10.00 4.67 733 13.89 10.11 12,00
9.44 14.67 12.00 1333 14.00 8.78 11.39
50.00 16.67 14,00 1533 3556 29.78 3267
14.45 933 12.00 1067 11.89 132 1256
222 8.00 10.00 9.00 5.67 5.56 561
19.45 7.33 8.00 767 1“2 12.89 1356
46.67 1533 20.00 1767 321 22 3217
222 1333 733 1033 833 422 628
3.89 6.67 467 567 6.1 3.44 478
10.00 8.00 10.67 933 9.00 10.33 967
16.11 1.33 10.67 11.00 15.11 12.00 1356
3389 733 6.67 7.00 2256 18.33 2045
15.56 8.00 6.00 700 123 10.22 1128
556 8.67 733 8.00 9.33 422 6.78
556 12,00 16.00 14.00 10.44 9.11 978
389 4.00 533 467 478 378 428
17.08 15.19 1324 182 175 13.74 1565
(-12847 (1283 (12171
16.74
(Akola 96)
SE (m) CD5% SE (m) CD 5%
0.430 1193 0.589 1714
2258 3258 3083 9029
3193 8.8580 4375 12731

082



281

513 s €€ 002 9 68 [244 9GS 1LY6 - SIX € ¥l - Sunyv 3
91 W t244 91 000 €€°€ 9 2T 139 S€€9 - SIX € ¥I - sunjy €€
5] 613'E £€6 £EY £EE £€£'s 68’8 W £CEL ¥8ZZ - SI X € ¥l - SuDyv ze
[3%:] bkl 8L6 'vL 4904 €EL1 zeT t244 k~44 ¥OU = AdS X € pI - sunyv 1€
829 s £eL 00L 009 008 €S we 199 9¥6 - AdS X § ¥I- suryv ot
68L LL e £€'9 €€6 €eL we 0004 688 SI-S1-$E-MD X € p1 - sunfy 6T
12440 xYEL 9%5L 296 €€°G oyt 68'8L 991 iz €92 - LAS X € ¥l - Uiy 8
(43 t-141 96T 292 243 00’ (337 (333 (133 14¥6 - S1X €101~ €501 L
E444 L'y £2¢ 00t 19 €EE wey 955G £LE SEE9 - §1 X 101 - 9801 x
ose [:ZN% [z4] 19¢ €€ 009 €et e 1iad ¥82Z - €1 X 4101 - 981 T
€86 6L 8L 196 008 1L 000l 8LL ezl +01 - AdS X €101 - €501 14
6£S pithd H9 00t 92 €€€ 8LL 199 688 9¥6 - AdS X G101 - €801 24
tie 134 e €e'E 92 o0t 688 956 f-44% $1-$1-$€-1D X 9101 - G501 w
8ZL r ££°01 €T 190 oo’y zz 8LL 1991 192 -1YS X €101 - 9SOl 1z
8L 631 196 196 £€°6 009 688 1444 £EEL € ¥1 UiV X €101 - GSO1 oz
E-44 95'e: [2:34 €ET 192 e 3% 1444 8LL 1L¥6 - ST X 10Z1-AdS 61
144 <4 £er o't ooy [« 9 X4 966G 444 199 SEEO-SIX 10T1-AdS 8t
8z nz we 24 002 92 [<44 we k<44 ¥8ZZ- S1X 10Z1-AdS L
€9 68'G; 8L'9 £EY o0y 197 ££'8 8LL [2:4:1 Y01 ~AdS X 10Z1-AdS 9
volL 00¢€ 6a'tL 'Ll 9% EE61 68't €€t 1444 9¥6" AdS X 10TI-AdS st
6€S 68'L 68’8 196 19T 99t 1) [ 333 ST-S1SE-1O X 10T1-AdS n
144 L2410 199 [0 4 19 €€°€ 688 8Ll 0001 H9Z - LUS X (0Z1-AdS €1
69 00 687 00'S £€'S 97 68’8 199 (1973 € pI-8unv X 1021-AdS kA
14 e 009 9% 00y €eS o we 199 H101-9SOI X 10Z1-AdS u
t443 69t SS'L £€T 192 002 L 133 113 1L¥6-S1 o1
t~44 LLED €t €E'e 00’y 192 1353 e 000 SEE€9-S] 6
6T 8L 00T 19¢ 34 o0’y L [£44 000 ¥82Z-S1 8
611 €T 9L 1991 19'v4 1981 L 0001 1444 +01-AdS L
8z9 8L'G 8L'G 00'L 00’8 009 985G 95'G 9GS 9V6-AdS 9
6EY s £€E 292 198 199 133 t244 000 SI-S1SE-10 s
9501 8L £€6 199 00’8 €€'S Srvl 9GGL eEEL €9Z-1uS 14
921 wai [::x43 981 0091 >4 %4 99 688 vy avl-suny €
6€L IXA 19¢ 19'8 198 198 [3%:] 956 199 €r01-gsd!1 z
€8y 95y LS 008 008 008 91 (153 2z 10Z1-AdS 1
4 o1 [ 8 L 9 S v € [ 1
uBopN Pamaly Pamenun WIW pamasL pawodun L poray), PImINU(y
HUONED0| | B AC POjood 9661-¥ioXV $661 8100V BIBBALD/BIDIBY NS

9661 T[O}Y PUE 661 TIONV 1t 595505 [ pue sjuored Jo Qwov (%) 2uuofijiuous 4 tio Wwounesn-aid 3o WP 49 o—ﬁh



00 0zs'L vzl 0L'E «Zo6 9Te axv

959€ €51 9EL'S €S8l 08’9 10€2 o
$690 6€20 660 £5E°0 0T 6£Y°0 v
%S a0 {w)3s %S aD fw)3s %G Q0 (w)3s
(96 eosy)
88vL HOQLIO] JOAO ISEIINT 9
parTonun A0
v9tL-) 9'64(-) (-)aseai03p/(+) oseosowt o,
s SS9 (729 zes 99 sz'9 96 €69 ueo
9GSl T 191 002 €€'L [T} S [N 1Lr6 SIX SEEI SI s
8Ly 19t 296 €L 00t 8.2 2T £€E 1LV6- SIX YBTT SI ¥
96T 682 297 00y >4 8L2 i vy SEEO-SIXVBITSI €5
68'S 68'¢ 19t 00y £ee 19 8LL vry ILYGSIXPOI-AdS T
e 1901 002 292 £e) 8Lt 9561 0002 SEEISI X P01 - AdS 1S
8L's 9 €ES 009 197 199 95 8LL ¥8IT SIXPOI - AdS 05
8LS £e'¢ 197 009 €e'e 1444 95G €€ ILY6SIXW6-AdS 6
t24% 687 00 €e 9y 198 Iy AN SEE9 -SI X 9V6 - AdS 8y
68 e 19 9 199 91 1N T Y8IT - SI X 9v6 - AdS L
€€01 e 296 €€ 0oy 8L2L €€l zZz VOl -AdS X 9v6 - AdS o
247 €es 00y 00’y 00’y 95'g vy 199 1LY6-SIXSI-SISE(D v
68T (1% €€y 197 00 91 19} t7 44 SEE9 - SIXSI-CT1-SE-1D [
{24 %5t 00y £€€6 197 68°€ £€E Wy P8TT- SIXS1-C15E-1D (34
[Tw1} 8L8l €€ €€¢ 28] 9508 68'87 ze YOI -AdSXST-GISEfD v
8L€ i €EL €E'S €£'6 68 244 965G 9V6 - AdS XST-S1-6E-[D 144
(9% [>314 297 €e't 00y 8Lt 688 199 1L¥6 ~SIX 89T - 1¥S oy
€es 199 L9€ 00 €€ €ee 199 0004 SEEO-SIXEIT-1US  6¢
2z9 68 19'9 008 €€°C Wy "o ia4 ¥817 - S1X 99 - L¥S 8¢
e 006 292 00t > 411 Y 2T 199 vOI-AdSX 892 -1¥S i€
£€9 8Ll €€9 009 299 8L 199 688 9¥6 - AdS X 992 - L¥S 9€
zzs Wy €€V 009 /92 _00S_ _ ____wy¥_ 9SG SI-CI-SCIDXAIT-LAS 34
ol 6 8 L 9 3 v 3 z 1

“TTTpWOD T p9IIEL



283

000 £€0 €€'0 000 190 00C 000 000 106 ~S1X € 1 -y

"w
000 000 000 000 000 000 000 000 SEEO-SIXEYI -V €€
000 00t 00k 000 002 000 000 000 VIZ-SIXE Vi -mnY 76
££T £€0 9T 190 290 000 000 000 WU-AISXE Pl -mDY (€
190 000 190 L= 4% 000 000 000 000 96 - AdS X { #1- SUnyv (%
££0 €0 190 190 190 000 000 000 SISISCOXAr - &
00t 000 00t 00 000 000 000 000 e-1¥sX gyl -y
000 000 000 000 000 000 000 000 Wr6-SIXEIO1- G601 (T
000 000 000 000 000 000 000 000 SEE9-SIXAI0N-BSOl 9T
000 000 000 000 000 000 000 000 VZZ-SIXEI0l-8SD1 ST
000 000 000 000 000 000 000 000 W01 -AIS X €101 -6SD}  #T
000 000 000 000 000 000 000 000 9¥6 - AdS X 1101 - 9SOl €T
000 000 000 000 000 000 000 000 SISISE-OXAI0N-ASD 2T
000 000 000 000 000 000 000 000 992-14S X @I0l - §SD1 1T
000 000 000 000 000 000 000 000 ¥V X @101 - 65D 0T
000 000 000 000 000 000 000 000 ILV6-SIX 10ZI-AdS 61
000 000 000 000 000 000 000 000 SEEOSIX 0ZI-ADE 81
€€0 000 £€0 190 000 000 000 000 VBZZ-SIX10ZIADS L1
000 000 000 000 000 000 000 000 YOU-ASX1RIFAS 91
000 000 000 000 000 000 000 000 96~ AdS X I0ZI"AdS  §1
000 190 190 000 £eL 000 000 000 SISISCIDX II-ADS ¥l
££0 000 £€0 190 000 000 000 000 92-LUS X 10TI-AS €1
000 000 000 000 000 000 000 000 G VISUOY X 10ZI-ADS Tt
000 000 000 000 000 000 000 000 AIOAISOI X 10ZI-ADS 1
£€0 000 €£0 190 000 000 000 000 wyssl ol
000 000 000 000 000 000 000 000 $€£9-S1 6
000 000 000 000 000 000 000 000 v82ZS1 3
00y 000 00t 008 000 000 000 000 HO1-AdS L
000 000 000 000 000 000 000 000 9¥6-AdS 9
000 000 000 000 000 000 000 000 SI-SI-$E-10 s
000 000 000 000 000 000 000 000 92135 v
££0 000 £€0 190 000 000 000 000 apt-auory ¢
000 000 000 000 000 000 000 000 101-68D1 z
490 000 £90 €€ 000 000 000 000, 1021-AdS 1

o1 [ 8 L 9 S v € Z 1
pomoiL Powanin L= pomaiy poreaTun WeIN PowIL Pomaiiin
SUOTO0] J9A0 POJOO] 9661 BIOAV S661010AV SEBUDNDIE]

9661 BIONV PUT G661 FI0NV 1 Sas500 Ly pue sioied 16 (S5 (%) umasoopyind o uo uounean-o3d jo Bayyd 9 L



Ziso
298¢0
6900
(w)as

UONTOL] JPA0 ISTIIOS %
pareInUN 1040
(-)osea100pK(+) 9BaIOUT %

uca

146 SIX SE€9 SI
1L¥6- SIX ¥8IL SI
SEE9-SIX ¢8I SI

1Ly6 SI X V01 - AdS
€EE9 SIX Y01 - AdS
V8IZSIXPOI - AdS
1LP6 SIX 96 - AdS
SEE9 -SI X906 - AdS
¥8TT - SIX9¥6 - AdS
¥01 -AdS X 9¥6 - AdS
1L¥6 - SIXST-SI-$E-1D
SEE9 - SIXST1-C15E-1D
¥8LT - SIXSI-CISEID
vO1 -AdS X S1-S1-SE-1D
96 - AdS X ST-ST-SE-1D
1Lv6 - SIX 997 - 1¥S
SE€9 - SIX €9Z - LAS
¥817 - SIX 992 - 1S
¥01- AdS X 89T - L¥S
9¥6 - AdS X 69T - LYS
S1-gI-g¢- nO X €92 -IdS

£33
1£3
€
s
s
05
(14
8
124
b4
194
w
&
[A4
114
o¥
6€
8€
LE
9t
wn

“UPoD " €9 q_na._.




Vi

Table 66. Effect of pre-treatment on C. lunata (%) (UGS) of p

and F; crosscs at Akola 1995 and Akola 1996

S.N. Parcuts/Crosscs Akoln-1995 Akola-1996 oo .. Povlodover locationa
Untreated Treated Mean Untroated Treated Unirented Treated
1 2 3 4 5 3 7 T 5 10 11

1 SPV-1201 0.00 0.00 0.00 10.67 13.33 12.00 533 6.67 6.00
2 ICSB-101B 14.45 4.44 9.44 12.67 8.00 10.33 13.56 6.22 989
3 Akms-148 5.56 14.45 10.00 19.33 12.67 16.00 1244 13.56 13.00
4 SRT-26B 111 14.45 1278 7.33 6.00 6.67 922 10.22 972
5 GJ-35-15-15 0.00 4.44 222 10.67 11.33 11.00 5.33 7.89 6.61
6 SPV-946 15.56 17.78 16.67 6.00 10.67 8.33 10.78 1422 1250
7 SPV-104 10.00 6.67 833 16.00 16.00 16.00 13.00 11.33 1217
8 15-2284 7.78 5.56 6.67 333 6.00 467 5.56 578 567
9 1S-6335 222 0.00 1.1 4.00 267 333 an 133 222
10 15-9471 0.00 0.00 0.00 4.00 267 333 2.00 133 167
1 SPV-1201 x ICSB-101B 13.33 444 8.89 8.00 8.00 8.00 10.67 6.22 844
12 SPV-1201 x Akms-14 B 2.2 5.56 8.89 1067 7.33 9.00 11.44 6.44 894
13 SPV-1201 x SRT - 26B a1 6.67 13.89 267 467 367 11.89 5.67 878
14 SPV-1201 x GJ-35-15-15 222 0.00 1.1 16.67 267 9.67 9.44 133 6.38
15 SPV-1201 x SPV -6 222 222 222 1267 10.00 11.33 7.44 6.11 6.78
16 SPV-1201 x SPY- 104 16.67 11 13.89 733 8.00 767 12.00 9.56 1078
17 SPV-1201 x 1S -2284 111 0.00 056 333 2.00 267 222 1.00 161
18 SPV-1201 x 15-6335 444 222 333 133 200 167 289 21 250
19 SPV-1201 x IS - 9471 4.44 4.44 4.44 2,00 4.00 3.00 322 422 3.72
20 ICSB - 1018 x AKms 14 B 16.67 15.56 . 16.11 12.00 16.67 1433 1433 16.1 1%v22
21 ICSB - 101B x SRT-26 B 38.89 24.45 3167 6.00 6.67 6.33 245 15.56 19.00
22 ICSB - 1018 x QJ-35-15-15 2111 15.56 18.33 6.67 333 500 . 13.89 9.44 1167
2 ICSB - 101B x SPV - 946 16.67 1222 14.45 4.00 7.33 567 10.33 9.78 1006
%n ICSB - 101B x SPV - 104 14.45 1.1 1278 10.67 10.00 1033 12.56 10.56 1156
25 ICSB - 101B x 1S - 2284 11 0.00 0.56 4.00 7.33 567 256 3.67 an
26 ICSB - 101B x IS - 6335 222 0.00 1.1 333 267 3.00 278 133 206
27 ICSB -101B x IS - 2471 222 222 222 333 4.00 367 278 an 294
k- AKms - 14 B x SRT - 268 222 222 222 933 9.33 933 5.78 578 578
-J AKms - 14 B x GJ-35-15-15 222 1.1 16.67 8.00 1267 10.33 15.11 11.89 1350
30 AKms -14 B x SPV - 946 13.33 7.78 10.56 12.00 10.00 11.00 1267 8.89 10.78
31 AKms - 14 B x SPV - 104 14.45 1M1 1278 2400 18.00 21.00 19.2 14.56 16.89
32 AKms - 14 B x 1S - 2284 5.56 8.89 2 933 267 6.00 7.44 578 6.61
3 AKsms - 14 Bx1S - 6335 5.56 1.1 333 333 267 3.00 4.44 189 317
M AKma - 14 B x IS - 9471 7.78 5.56 6.67 5.33 4.00 467 656 418 5.67
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X-v
Table 72 Conelation coefficient between biochemnical characters, Akola, 1995

S, Characters Protein  Soluble Tannins Flavan-  Grain TGMR
No sugars 4-ols hardness

1 Protem - 027" 001 0.15 0.29* 0.16

2 Soluble sugars 035** 0.4 0.26*  -0.26*
3 Tannins 0.73**  037**  0.75**
4 Flavan-4-ols 0.59°* 0.7
5 Grain hardness -0.30*
d Significant at 5% **  Significantat 1%

762
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APPENDIX - XI-1

Table 78. Composition of stain

Mac Grunwald's stain

Methylene blue ~ 0.5%

EosinY 0.5% in methanol
Planeze I b

Malachite green 05g

Acid fuschin Olg

Martin gleb 001g

Water 150 ml

Ethanol (95%) 50 ml
Host tissues staining green and fungal mycelium deep pink in lignified and non-lignified
tissue.




APPENDIX - XI-1

Table 78. Composition of stain

Mac Grunwald’s staln

Methylenc blue ~ 0.5%

EosinY 0.5% in methanol
Pianeze II b

Malachite green 05¢g

Acid fuschin 0lg

Martin gleb 0.01g

Water 150 ml

Ethanol (95%) 50 mi
Host tissues staining green and fungal mycelium deep pink in lignified and non-lignified
tissue.
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ABSTRACT

Grain mold of sorghum is a complex problem involving several fungal species.
Resistance to grain mold in sorghum is known to be imparted by various factors
associated with host genotypes, fungal species and their interactions. The objectives of
the present investigations were to : determine infection sites and colonization by major
mold fungi (Fusarium moniliforme, F. pallidoroseum and Curvularia lunata), determine
physical, physiological and biochemical mechanism of resistance and determine genetics -
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and heretability of various host factors contributing to grain mold resistance in selected
sorghum lines.

The experimental comprised of 10 divergent parents and their 45 F,
corsses and 45 F, progenies of partial diallel, Experiments were conducted at two
locations, Akola under natural condition during 1995 and 1996 and at Patancheru under
controlled condition during 1996. Data were analyzed using model I, method 2 of
Griffings (1956b) further extended by Singh (1973a, 1973b).

Data were recorded on agronomic, physical, pathological and biochemical
parameters. Superior combination showing significant sca effects for germination with
their desirable sca effects were observed in crosses Akms 14B x IS-6335, Akms 14B x
18-9471 and SPV-1201 x SRT - 26B. On the basis of superior mean performance in
germination, four crosses viz. ICSB-101B x 1S-2284, ICSB-101B x IS-6335, ICSB-101B
x15-9471 and SPV-1201 x IS 2284, were selected to understand significant heterosis for
component characters. The results revealed that electrical conductivity, mesocarp
thickness, thresh grain mold rating (TGMR), glume covering, tannins and flavan-4-ols
are the major components imparting resistance. As regards to gene action governing
inheritance, it was noticed that in F, diallel the gene action was non-additive for
electrical conductivity, mesocarp thickness, germination, proteins, and it was additive for
grain hardness, glume covering, TGMR, F. moniliforme, C. lunata, tannins and flavan-4-
ols, whereas, in F, diallel, gene action changed for grain hardness and electrical
conductivity. )

Over all there was decrease in 100-grain weight, grain hardness,
germination, C. lunata and fungal load; and increase in electrical conductivity, TGMR, F.
moniliforme and F. pallidoroseum load at Patancheru compared with Akola location. F.
moniliforme, C. lunata, and F. pallidoroseum were important mold fungi, at
Patancheru, while C. lunata and F. moniliforme were important at Akola.F.
pallidoroseum remained a minor mold fungi at Akola. In general more fungal load was
recorded at Akola during 1996 than in 1995. Pre-treatment with HgCl, reduced fungal
load of grain deteriorating fungi and improved seed germination, except C. /unata at
Patancheru. However, fungal load of all fungi was reduced at Akola in both seasons.
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Soluble sugars could not show any effect on grain mold resistance.
However, tannins and flavan-4-ols were important biochemical parameters conferring
resistance to grain mold singles or in combination. Prolamin and cross-link prolamin
were recorded low in colored grain parents and crosses, have resistance to grain mold in
colored grain could be attributed to tannins and flavan-4-ols. Prolamin and cross-link
prolamin were more in white grain thus contribute for mold resistance. Fusarial
infection (both species) takes place through hilar areas, however, Curvularial infection
takes place from both ends ie. hilar and stylar or directly through pericarp.

Germinated seed (treated with HgClz) showed signiﬁc:tm negative
association with fungal load of all fungi at Akola, while it was positive‘Patanchem.
Ungerminated seed exhibited positive with fungal load of all fungi and score, negative
with germination and positive with TGMR. Grain hardness had significantly negative
correlation with endosperm texture, however, endosperm texture showed negative
association with electrical conductivity, mesocarp thickness, F. moniliforme, C. lunata
and TGMR. Mesocarp thickness exhibited positive correlation with F. moniliforme, C.
lunata and TGMR and negative with germination. Prolamin and cross-link prolamin
had showed positive correlation with grain hardness, however it was negative with
endosperm texture and germination.

Considering the above results it is concluded that :

1. Parental lines 1S-9471, SPV-1201, 1S-6335, GJ-35-35-15 and 1S-2284 with high
gea effect for most of the characters contributing towards resistance to grain mold
may be utilized in hybrid breeding program.

2. The cross : Akms 14B x IS-6335, ICSB-101B x 18-9471, ICSB-101B x 18-2284,
SPV-104 x IS-6335, GJ-35-35-15 x IS-335 and SPV-1201 x SRT-26B exhibited
high gea effects, desirable heterosis for most of the characters and additive gene
action for important traits (agronomic, physical and biochemical) related to grain
mold resistance. Therefore it is suggested that these crosses and their progenies
may be utilized to generate better tolerance to grain mold infection.

3. Important traits imparting resistance to grain mold fungi are : low electrical
conductivity, thin mesocarp, low TGMR, grain hardness, more glume covering,
more tannins, more flavan-4-ols, more prolamin and cross-link prolamin.
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