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1. INTRODUCTION

The cultivated groundnut (Arachis hypogaea L.), known to be one of the most
important oilseed crops of the world and it has a distinct position among the oil seed crops
grown in India. Currently, groundnut is grown on nearly 23.38 million ha around the world with
an annual production of 34.85 million tons of nuts-in-shell. The major producers are China,
India and the USA which together account for two-thirds of the world output. Developing
countries, account for 82 per cent of total groundnut area and 79 per cent of production of the
world. Among the developing countries, production is mainly concentrated in Asia and Africa
with Asia accounting for 51 per cent of global area and 60 per cent of production. India
occupies 30 per cent of global area (6.22 million ha) and contributes 26.8 per cent (7.35
million tons) of total groundnut production (Anon., 2009b). The vegetable oil economy of India
depends mainly on groundnut. Groundnut occupies 31.30 per cent of the total cropped area
under oilseeds and accounts for 36.10 per cent of the total oilseed production. Karnataka is
one of the five major groundnut growing states in the country with an area of 0.91 m ha and
production of 0.73 m tonnes (Anon., 2009a). Though India stands first in the production all
over the world, the average productivity is hovering around 900 kg/ha as against the average
of 2,995 kg/ha realized in USA. Many reasons are ascribed to the low productivity situation in
India, among which drought, disease, pest incidence and loss of pods in the field by in situ
germination takes away major share.

In Karnataka, non dormant bunch cultivars are grown extensively, especially in areas
with well distributed rainfall, as they are of short duration and can be harvested with ease.
Because of lack of dormancy, when the crop is caught in rains at harvest, the seeds show in
situ germination. The incidence of in situ germination is known to cause about 20-50 per cent
loss in pod yield (Varman and Raveendran, 1991) and gets aggravated with the incidence of
disease like leaf spot rust and Sclerotium. The risk or heavy loss due to in situ germination is
high in transitional tract of Karnataka because of biomodal distribution of rainfall, wherein, the
second peak of rainfall always coincides with harvesting period of this crop.

There are two subspecies in the cultivated groundnut, viz., Arachis hypogaea spp.
fastigiata and Arachis hypogaea spp. hypogaea. These two subspecies differ significantly in
their seed dormancy after maturity. The cultivars of subspecies hypogaea, the Virginia type,
are of long duration and possess seed dormancy for long periods after maturity. While those
of fastigiata, the Spanish and Valenica types, are generally characterized by a short life cycle
and non-dormant (Krapovickas, 1968). The longer periods of dormancy in the Virginia type do
not allow immediate use of harvested seeds from one season for sowing in the next or for
germination and other tests of seed quality. Therefore, a dormancy period of two to three
weeks in erect bunch cultivars of groundnut is desirable.

Although, there are methods available to induce as well as to break the seed
dormancy chemically in groundnut, the difficulties associated with these techniques such as
high cost involved, non-availability of chemicals and the need for expertise of treatment make
breeding dormant bunch varieties a more feasible strategy. But all the identified dormant
cultures have been found not suitable for direct use on account of long duration, low
productivity, poor adaptability and undesirable pod characters. Thus, incorporation of two to
three weeks of dormancy in the ruling erect bunch cultivars through hybridization becomes
essential. Many efforts in this direction are concentrated on inter-specific crosses involving
Virginia runner types as donors. Although these cultures are good sources of dormancy, they
can not be used directly to incorporate dormancy into Spanish and Valenica types because of
low recovery of erect bunch segregants and extremely rare occurrence of such segregants
combining dormancy (Wadia et al., 1987).

This forces one to search for source of dormancy from among the Spanish/Valencia
cultivars. It is essential to identify the dormant bunch cultivars available in the germplasm
collection and to quantify the period of dormancy and also to assess their yield potential along
with pod and kernel characteristics of economic importance, so that they can be used
conveniently as sources of dormancy in breeding programmes.



Dormancy can be controlled by the embryo or can be imposed by extra embryonic
tissues, which are of different genetic constitutions. Therefore, the prospect of discovering
straight forward Mendelian inheritance of dormancy is slight (Bewly and Black, 1985, Garbutt
et al.,, 1986). In case of groundnut, the unpredictable legume the complexity is further
intensified by non-synchronous pod formation followed by differential pod maturity and high
environmental sensitivity of the dormancy character. In planning genetic studies it is important
to identify the tissue associated with dormancy, in each of the dormant culture. Until the
genetics of dormancy is worked out there is no other way for the plant breeder except going
for selection from segregating populations. Therefore, generation of information about
response of dormancy to selection becomes essential. Apart from assessing germination
behaviour of dormant cultures over seasons, it is also necessary for any breeding programme
to identify the best recombinants for yield and other economic characters like pod and kernel
features for simultaneous improvement.

Keeping all these points in view, the present investigation was planned with the
following objectives.

1. To study the genetic variability of seed dormancy in RIL population of TAG 24 x
GPBD 4

2. To identify the dormant recombinant inbred lines with other economic traits

3. To assess nature, intensity and duration of dormancy in dormant lines identified in
mapping population.



2. REVIEW OF LITERATURE

Dormancy in the early-maturing groundnut cultivars has been recognized as a
desirable character (John ef al., 1948; Ramachandran et al., 1967; Muhammad and Dorairaj,
1968 and Gautreau, 1984). Efforts have been made towards evolving early maturing bunch
cultivars with optimum period of dormancy in groundnut. An attempt has been made to gather
all the relevant information on various aspects of dormancy in groundnut and presented in
this chapter under appropriate titles.

2.1  Dormancy and its significance

Dormancy is a natural evolutionary consequence. It is a device for optimising the
distribution of germination in time and space and its importance is therefore of ecological
significance. Dormancy is often assumed to be important in relation to the prevention of
vivipary and precocious germination and may also regulate geographical distribution of
species (Bewly and Black, 1985).

The failure of the fully mature and viable seed to germinate to an appreciable degree
under favourable environmental conditions is referred to as dormancy (Seshu and Sorrells,
1986).

Most of the popular Spanish bunch groundnut varieties lack dormancy due to which
they show in situ germination when the matured crop is caught in rains resulting in loss in pod
yield to an extent of 20-50 per cent (Anon., 1978; Varman and Raveendran, 1991). It is,
therefore, desirable to incorporate dormancy of about 2-3 weeks so that the crop overcomes
the problem of losses due to in situ germination on one hand and yet be available for
immediate sowing on the other (Ashok Kumar, 1989; Hemanth, 1990 and Patil et al., 1991).

2.2 Nature of dormancy

In a broad we have view to distinguish, viz. (1) Innate dormancy, where the seeds will
not germinate even under favourable conditions and (2) Imposed dormancy where the seeds
will not germinate when the conditions are unfavorable. Several forms of innate dormancy
have been recognized. Seeds may fail to germinate because of impermeable seed coat to
water or there is an unsatisfactory after-ripening requirement in storage (Matthews, 1976).

When we consider dormancy mechanism, there are basically two types (a) Embryo
dormancy, where the control of dormancy resides within the embryo itself and (b) Seed coat
dormancy, in which dormancy is due to structures enclosing the embryo, i.e., the seed coat
(Bewly and Black, 1985).

2.2.1 Embryo dormancy

The failure of the viable and mature embryo to germinate under favourable conditions
even when it is isolated from seed coat or dispersal unit in dormant seeds is referred to as
'embryo dormancy'.

Viathialingam and Rao (1973a) demonstrated in groundnut with ample evidence that
in some cases dormancy resides in the embryo.

Sometimes the maturity or physiological state of the embryo is a cause for dormancy
and seeds with immature embryos fail to germinate. Toole et al. (1964) observed a long
dormancy period in immature seeds of groundnut which declined as maturity advanced. On
the contrary, Patil (1967) studied the germination on excised embryos and intact seeds of
groundnut pods harvested at 30, 40 and 60 days after flowering and reported that excised
embryos had very high percentage of germination as compared to intact seeds and thus it
was concluded that, the mechanism under embryo dormancy may involve cotyledons and
germination inhibitors in the embryo. There is a good evidence that in many cases the
cotyledons are responsible for inhibiting the growth of the axis in dormant embryos (Bewly
and Black, 1985). In case of dormant groundnut seeds, germination was improved by
excising portions of the cotyledons (Toole et al., 1964).



In groundnut, the application of extracts from different parts of seeds of dormant
variety, TMV 1 to seeds of nondormant variety TMV 2, decreased the germination, shoot and
root growth. The concentration of inhibitors was higher in  the extracts from the embryo
region than in those from the seed coat (Viathialingam and Rao, 1973a). In some cases the
embryonic axis of non-dormant seeds of groundnut actively produced ethylene gas during
germination while dormant seeds produced very low levels of ethylene (Ketring and Morgan,
1971). Higher concentrations of hydroxy proline was specific in the seeds of dormant cultivar
TMV 1. In the non-dormant variety TMV 2, one conspicuous feature was the absence of
hydroxyproline both in primary axis and cotyledons whereas, it was too high in the primary
axis than in the cotyledons of dormant variety TMV 1 (Viathialingam and Rao, 1973b). Ashok
Kumar (1989) has reported that the cultures, viz.,, ICGS-30, ICG-11495 have embryo
controlled dormancy.

Venu et al. (1995) observed that the period of whole seed dormancy was more in
both Spanish and Virginia as compared to embryo dormancy. It was also revealed that the
fresh seeds of Dh-3-30 exhibited dormancy period of 20-30 days, whereas in embryos
absolutely there was no dormancy.

Bandyopadhyay et al. (1999) suggested that dormancy in groundnut is regulated
mainly by testa (maternal tissue) in the Spanish type. But by cotyledons and embryonic axis
(both zygotic tissue) as well as testa in Virginia type. Thus the genetic control of seed
dormancy in groundnut appears to be quantitative in nature.

Breakdown of the endosperm cap over the tip of the radicle is correlated with the
production of GA (Groot and Karssen, 1987) and with activities of various enzymes (Toorop
et al., 2000) and genes responsible for the various aspects of endosperm cap weakening are
being determined (Mella et al., 2004).

2.2.2 Seed coat dormancy

Bewley and Black (1985) stated that seed coat imposed dormancy may be due to (1)
interference with water uptake, (2) interference with gaseous exchange, (3) presence of
inhibitors in the coat, (4) prevention of the escape of inhibitors and (5) mechanical restraint.

In leguminous crops, seed coat characters were found to be responsible for imposing
dormancy (Ewart, 1908; White, 1908). Interference of seed coat with water uptake is
observed in some crops of leguminosae family (Barton, 1965; Ballard, 1973 and Rolston,
1978). The removal of outer layers of seed coat resulted in loss of dormancy and removal of
entire seed coat enhanced the germination percentage in groundnut (Toole et al., 1964 and
Patil, 1967).

The reason ascribed for failure of freshly harvested seeds of non-dormant variety
(TMV 2) to germinate was the resistance offered by its seed coat for oxygen infusion
(Sreeramulu and Rao, 1968). When the seeds of dormant (TMV 1) and non-dormant (TMV 2)
varieties were compared for their capacity to absorb water, non-dormant variety (TMV 2) was
found to be more efficient in absorption of water than dormant variety (Vaithailingam and Rao,
1973b). On the contrary, it has been reported that testa in groundnut is thin and does not
affect the rate of imbibition of water by the embryo and hence does not affect the dormancy
(Samad and Pearce, 1978).

Water soluble growth promoting hormones were found in non-dormant seeds of TMV
2 of groundnut variety, the seed coat extract of which induced root initials in dormant seeds of
TMV 3 (Nagarajan and Gopalakrishnan, 1958). Studies of Joshi et al. (1980) indicated that
the relative amount of inhibitors and promoters in the seed coat at any time, would regulate
the dormancy in groundnut seeds. It was noticed that high levels of auxin like substance in
the seed coat of non-dormant seeds which had root inducing activity (Sreeramulu and Rao,
1971a). On the contrary, when the non-dormant TMV 2 seeds were tested for germination in
the extract of dormant TMV 1 seeds, there was retarding effect on the shoot and root
development (Viathialingam and Rao, 1973a).

Of the various seed parts, the leachate from the seed coat of dormant seeds was
found to be most inhibitory and this inhibition gradually disappeared with the release of
dormancy. Further, decoating of dormant seeds during dormancy gave an increased
germination initially, followed by a fall. This may possibly be attributed to decrease in the



inhibitor : promoter ratio in the seed coat with an advance in the post harvest period (Joshi et
al., 1980). But the studies of Sengupta et al. (1977) indicated that, as tightly attached seed
coat delayed the germination and its removal enhanced the germination in some cultures of
both bunch, spreading and semi spreading groundnut seeds. Ashok Kumar (1989) reported
that the cultures, DER, ICG 118, ICG 9489, ICG 11498 and ICG 1497 have coat imposed
dormancy. Venu et al. (1995) observed that the whole seed dormancy was higher in both
spanish and Virginia types as compared to embryo dormancy.

Bandyopadhyay et al. (1999) observed that seed testa played an important role in
imparting dormancy followed by cotyledons and embryonic axis and also they revealed that
dormancy in groundnut is mainly regulated by testa (maternal tissue) in the Spanish type.

2.3 Stability of dormancy

The character dormancy is highly plastic in nature and it shows very high seasonal
fluctuations (Ashok Kumar, 1989). Dormancy in groundnut was seen to be a function of
temperature and time of storage (Hull, 1937). It was noticed that the period of dormancy
contracted as the storage temperatures increased from 3 to 40°%. In case of dormant
spreading ground nut varieties inverse relationship between high storage temperature and
duration of dormancy was reported by John et al. (1948). The duration of dormancy can be
shortened to 15 days by exposing the seeds at 40 to 50°c (Baiely et al., 1958). Similar
seasonal variation in dormancy period of groundnut has been reported by Gavrielith (1962),
Mcfarland and Smith (1966) and Gautreau (1984). Seeds in attached pods of fastigiata lines
germinated gradually only if the plants are healthy and well watered (Wadia et al., 1987).
Such instability in duration and intensity of dormancy as is observed in various crops
prompted Naylor et al., (1979) to term primary dormancy as a transient physiological trait
rather than a discrete at any time.

2.4 Fresh seed dormancy

Appreciable dormancy observed in the freshly harvested seeds of several bunch
groundnut cultivars, which disappears after curing is called fresh seed dormancy.

Sreeramulu and Rao (1968) reported that freshly harvested seeds of TMV 2 show
only 50 per cent germination and this is due to high moisture content of the seeds which
blocks oxygen diffusion. Occurrence of fresh seed dormancy, which disappeared after
seven days of curing has been reported in several spanish and Valencia bunch cultivars by
Wadia et al. (1987). CGS 1-19 (CGC 7), a new Spaniash bunch ground nut cultivar has
been identified with fresh seed dormancy in cross between J-11 X Robut 33-1 (Reddy et al.,
1985). Ashok Kumar (1989), also observed fresh seed dormancy in some of the non-
dormant cultures.

Asibuo et al. (2008) showed that the F; progenies obtained from crosses between
dormant (ICGV-86158 and ICGV-87378) and non-dormant parent (Shitaochi and Aprewa
adopted varieties in ghana but lack dormancy) were dormant. Where F, progenies fitted the
expected 3 dormant to 1 non-dormant ratio. Thus concluded that fresh seed dormancy is
controlled by monogenic inheritance with dormancy dominant over non-dormant.

Faye et al. (2010) studied the inheritance of fresh seed dormancy in Spanish x
Spanish crosses with two sets of segregating populations, in which an F, population derived
from true F; hybrids identified with peanut micro satellites markers and other populations
(F2, BC4, Pys and BC4P,s) from randomly selected F; individuals are used. Here the results
revealed that in the F, population developed with true F; hybrids, the chi-square test was
not significant for the deviation from the expected 3:1 (dormant : non-dormant). In addition
the bimodal frequency distribution curve with the F, population gave more evidence that
fresh seed dormancy is controlled by single dominant gene. Therefore, fresh seed
dormancy is Spanish varieties is qualitative in nature.

2.5 Variability for dormancy

The cultivated groundnut (Arachis hypogea L.) consists of two subspecies, viz.,
fastigiata and hypogaea. The cultivars belonging to subsp. fastigata are generally
characterized by a short life cycle and non-dormant seeds, while, those of subspecies
hypogaea gene Lally mature late and their seeds show dormancy for considerable length of



time after maturity (John et al.,, 1948 and Krapovickas, 1968). Among the different maturity
groups, viz., Spanish bunch (SB),Virginia bunch (VB)and Virginia Runner (VR), which showed
significant variation for dormancy, the VR exhibited maximum seed dormancy followed .by
VB, while, the SB had the lowest frequency of dormancy (Yadav et al., 1989).

Patil and Bhapkar (1987) observed highest phenotypic and genotypic variances for
seed dormancy in groundnut. A study involving 417 genotypes of groundnut belonging to
different botanical groups, showed wide range of variability for different dimensions of
dormancy intensity and duration (Presannakumari and Namboodiri, 1996). Pandya and Patel
(1986) identified dormant cultures both in Virginia (G 201, ICGS 6 and Robut 33-1) and
Spanish (ICGS 21, ICGS 30 and ICGS 57, TG 9, TG 17 and RSHY 6) groups from screening
four Virginia and 73 Spanish cultures). It was observed that there is variation for dormancy in
both Virginia bunch and Virginia Runner type groundnut (Zade et al., 1986, Kenoni et al.,
1993 and Sarala and Gowda, 1997). The experiments conducted over three seasons by
Ashok Kumar et al. (1989) resulted in identification of 16 bunch cultivars as dormant. Among
them high intensify of dormancy was observed for Dharwad Early Runner (DER), ICGS 30,
ICG 11498 and ICG 11493 over at least two of the three seasons whereas the cultures ICGS
11, ICG 118 and ICG 11495 fluctuated widely for intensity of dormancy. The cultures Dh 8,
DER, ICGS 30 and ICGS 57 were found to have more than three weeks of dormancy in all
the three seasons tested. A period of 2-3 weeks of dormancy was exhibited by ICG 11499,
11501, 11493, 118, 11497 and ICG 6810.

Duration of dormancy ranged from 9 to 50 days in Spanish bunch and valenica
groups while, in runner group it ranged from 110 to 210 days (Hull, 1937). Screening of 206
bunch varieties for seed dormancy 15-20 days after maturity, resulted in the identification of
six varieties with more than 90 per cent seed dormancy of which Ah-7851 had 95 per cent
dormancy and Ah 1716, Ah 7813 had only 5 per cent dormancy (Muhammad and Dorairaj,
1968). Similarly, Lin and Chen (1970) observed significant differences in the length of the
dormancy period among the 56 varieties screened by them. Thirumalaswamy et al. (1987),
observed less pre-harvested sprouting (8-10%) in some of the bunch varieties at 140 days
after sowing.

Naidu (1997) investigated to isolate dormant groundnut genotypes with desirable
agronomic traits from various crosses. Here the genotype x season showed significant
interaction for intensity and duration of dormancy. The entries JL-24, KRG-1 and Dh-40 were
non dormant, but lacking in one or the other productivity parameters and/or earliness.
GBFDS 272, CS-16, VLI and VL 1-45 showed fresh seed dormancy. The PCV and GCV
indicated moderate to high level of variation for dormancy (55.2-104.9) and low variation for
shelling per cent and hundred kernels weigh (1.9-17.9). Though heritability for dormancy was
low to moderate (17.6-53.4%), the genetic gain was moderate to high (28.3-115.4%).

Swain et al. (2001) analyzed the nature of variation for seed dormancy in 17 erect, 8
semi-spreading and 5 spreading varieties. Dormancy period (DG100) of the varieties ranged
from 33 to 107 days and dormancy intensity (NGHO), from 54 to 100 per cent. The range of
variation and PCV and GCV indicated presence of substantial genotypic variability for
dormancy period and intensity. Most the erect varieties showed short to medium dormancy
period and weak to moderate intensity and most semi-spreading and spreading varieties
possessed long dormancy period coupled with strong intensity of dormancy.

Naidu et al. (2003) revealed that seasonal variation existed for both intensity and
duration of dormancy, among the nine released cultivars of Karnataka only Dh-8 and ICGS-
11 were exhibited dormancy while KRG-1 exhibited fresh seed dormancy. All the non-
dormant cultivars had higher germination in summer than kharif season produced except
KRG-1 due to its fresh seed dormancy.

Diop and Faye (2009) showed strong similarity between the field test and the
laboratory test for seed dormancy. Where intensity of dormancy ranged from 12 per cent for
lines L6 to 100 per cent for line L2 and L4. These latter lines exhibited dormancy duration
longer than 35 days while the line L6 showed a period of dormancy of one to two weeks. On
the basis of the dormancy scale used, the rate of the degree of seed dormancy for the lines
used from level 3 for the line L6 which was the least dormant line to level 8 for the lines L2
and L4 which were the most dormant lines.



2.6 Inheritance of dormancy in groundnut

The highly plastic nature of dormancy because of the complexity of character
expression and environmental sensitivity has discouraged extensive studies on the genetics
of dormancy in groundnut. The study on dormancy is further complicated by non-synchronous
pod formation coupled with differential maturity. As dormancy is controlled by the embryo or
can be imposed by the extra embryonic tissues which are of different genetic constitution, viz,
the seed coat (diploid), the endosperm (triploid) and the embryo (diploid). Therefore the
prospect of discovering straight forward mendellian inheritance of dormancy is slight. Also the
seed is composed of parts of three distinct generations, viz., the seed coat (maternal), the
endosperm (filial) but with one paternal and variable number of maternal genomes along with
embryo (filial) (Bewely and Black, 1985 and Garbutt and Witcombe, 1986) and one or more of
these tissues may be associated with the cause of dormancy thus complicating the issue.
The resulting contradictory reports leave the genetics of dormancy in groundnut a foggy
issue. Dormancy was found to be partially dominant over non- dormancy (Stokes and Hull,
1937 and Ramchandran et al., 1967). In one case, dormancy was reported to be completely
dominant over non-dormant nature (Lin and Lin, 1971a) with single gene(D) controlling the
character and in F, some deviations from the expected 3:1 ratio was observed possibly
because of the unstable varieties used in the crosses (Lin and Lin, 1971b). Contrary to this, a
single pair of recessive genes were held responsible for dormancy (Chang, 1972), whereas,
possibility of multiple factors controlling the character (Hull, 1937) was not ruled out by John
et al., (1948), who, in erect x runner crosses observed intermediate dormancy of F; and
considerabie variability in F, generation. Khalfaoui (1991) in a study involving cross between
spanish dormant 73-30 and Spanish non-dormant Chico, observed that genetic control is not
very complex (additive, dominance and digenic epistatic effects) which is further supported by
average broad sense heritability (0.49 to 0.57) and narrow sense (0.54) heritability estimates.

Upadhyay and Nigam (1999) studied different populations from many crosses and
found that seed dormancy in that peanut type is controlled by a single gene and dormancy
allele is dormant.

Ndoye and Charles (2001) studied three crosses between Spanish varieties and
reported that beyond additive and dominant effects, there is duplicate epistasis in the control
of fresh seed dormancy.

Asibuo et al. (2008) revealed that the F; progenies from crosses between dormant
parents (ICGV-86158 and ICGV-87378) and non-dormant exotic varieties (Shitaochi and
Aprewa widely grown in ghana but lack dormancy) were dormant. Wherein F, progenies fitted
in expected 3 dormant to 1 non-dormant ratio. Thus revealed that fresh seed dormancy is
controlled by monogenic inheritance.

Faye et al. (2010) they revealed more evidence that fresh seed dormancy in Spanish
x Spanish crosses is controlled by single dormant gene. Therefore, fresh seed dormancy in
Spanish varieties is qualitative in nature. Pedigree selection from an F, population could be
suggested to effective strategy to obtain peanut lines with earliness and fresh seed
dormancy.

2.7 Breeding for dormancy

There are some cultivars which have been identified as source material for dormancy
and they can be used in breeding programmes so as to get early maturing and good yielding
varieties which is the aim in any breeding programme in groundnut. Gowda et al. (1989)
identified a new growth habit variant in cross between Dh-3-30 x CGC 1, which had some
characters of Arachis hypogaea sub spp hypogaea such as trailing branches, a short main
axis and 50-60 days seed dormancy and some of subsp. fastigiata including a short growth
period. Therefore, it is suggested, this new culture can be used to introduce seed dormancy
into spanish bunch Valencia groups. Varman and Raveendran (1991) identified another
variety ICGV 86011 derived from the cross (Dh-3-30 x UAS 20) x NcNc¢ 2232, which had seed
dormancy of 18 days and can be used to breed for dormancy. CGC 7 a Spanish cultivar,
derived from a cross between Spanish cultivar J11 and Virginia bunch cultivar Robut 33-1,
had seed dormancy period of 5 weeks (Reddy et al., 1987). This can be used as source for
breeding dormancy in the cultivars.



Nautiyal and Bandyopadhyay (2001) revealed that wide range of variability exists for
fresh seed dormancy in Spanish groundnut and suggested that Spanish type cultivars SB Xl
had a high degree of fresh seed dormancy and it may be used as a donar in breeding
programme for preventing in situ sprouting of seed.

Faye et al. (2009) conducted the study on seven (7) advanced peanut lines
developed from crosses between the dormant Spanish type variety (73-30) and two non
dormant Spanish type varieties (55-437 and Fluer 11) and the results suggested that dormant
variety (73-30) could be used as donar parent in breeding programmes to select lines with
fresh seed among Spanish x Spanish crosses.

Faye et al. (2010) conducted the study for fresh seed dormancy in Spanish x Spanish
crosses and gave more evidence that fresh seed dormancy is controlled by single dominant
gene and it is qualitative in nature and suggested that pedigree selection from an F,
population could be suggested to be an effective strategy to obtain peanut lines with earliness
and fresh seed dormancy.

2.8 Selection for dormancy in groundnut

As there is no clear idea about the genetics of seed dormancy in groundnut and the
urgent need for evolving dormant bunch cultivars, the plant breeders are left with three
options, viz., identification of dormant lines from available germplasm (Muhammad et al.,
1965), intersubspecific hybridization (Ramachandran et al, 1967) and intrasubspecific
hybrdization (Huang, 1981) have demonstrated their efficacy in coming up with a dormant
high yielding genotype. One potentially high yielding Spanish bunch dormant culture, CGC 7
that has been derived from the' cross J11 x Robut 33-1 (Reddy et al., 1985) is being used as
a donor of dormancy in crossing programmers (Pandya and Patel, 1986).

The study of yield and its components and general desirability criteria allow less
scope for direct utilization of identified dormant cultures for varietal development (Ashok
Kumar, 1989).

Despite the efforts, the progress by selection is slow because of lack of simple
breeding methodology. One of the simple methodologies suggested is to collect the pods
from the F; plants of a bunch x semi spreading cross and test for germination in trays 30
days after harvest (the required period of dormancy). The ungerminated seeds are treated
with ethrel to break dormancy and planted in the field to grow F,, the bunch type plants alone
are tagged. Single seed descent method followed until Fs or Fg (at each stage, the
ungerminated and ethrel treated seeds alone are planted) results in considerable
homozygosity after which single plant progenies can be evaluated for dormancy in Fg/F;
generation and superior lines combining dormancy and yield selected (Manoharan et al.,
1989). Mauboussin (1966) obtained an early maturing dormant cultivar (73-30) by pedigree
selection from a Spanish x Virginia cross. Khalfaoui (1991), suggested that pedigree
selection can be successfully carried out in Spanish type cultivars using 73-30, which is a
dormant early maturing cultivar as a parent, as broad sense and narrow sense heritabilities
ranged from 0.49 to 0.57 in the cross involving this with Chico, a early maturing non-dormant
cultivar.

Significant improvement in the frequency of dormant types in F3 was recorded upon
selection for dormancy in F, (Ashok Kumar, 1989). of the two methods - bulking and
forwarding the remaining seeds of dormant tested plants within a cross and bulking of
companion seeds of plants from same cross where one seed of a two seeded pod showed
dormancy the latter showed greater efficiency in selecting for dormancy in early generations.

In a study, 15 crosses involving non-dormant and dormant parents and two crosses
involving only dormant types, the proportion of dormant plants in F; generation upon mass
selection in F, was substantially higher (52% in NO x 0 and 94% in 0 x D crosses) indicating
its good response for selection. The response to selection for productivity in early
generations was very poor. But the fact that the dormant and non-dormant plants, both in F,
and F3 generations did not substantially differ for productivity parameters suggested that the
best strategy for breeding dormant productive cultivars should be to select for dormancy in
early generations and defer the selection for productivity to later generations (Hemanth,
1990).



Ousmane and Chasles (2000) thirty lines were evaluated from the crosses between
Spanish cultivars i.e., Spanish cultivator (73-30) with fresh seed dormancy as donor parent
and Spanish cultivar (55-437 and Fleur 11) that lack dormancy. Here the lines that exhibited
transgressive segregation were observed. Most of the lines belong to cross 55-437 x 73-30
as compared fewer lines in the cross Fleur 11 x 73-30 due to the fact that Fleur 11 is less
dormant than 55-437. Thus concluded that by using this technique it was possible to make
effective selection for fresh seed dormancy in short duration.

Nautiyal and Bandyopadhyay (2001) reported that fresh seed dormancy in SB Xl
remains for only 2-3 days and disappears during the drying and storage, whereas the
dormancy in M13 persists during drying and even after 40 days of storage and concluded that
regulation of fresh seed dormancy in groundnut seems to be a complex phenomena and
finally suggested for the cultivation of groundnut in Indian agro-ecological systems. Fresh
seed dormancy as reported in SB Xl, is more desirable than the type of dormancy in M 13.
Where cultivars SB Xl could be used as donar in breeding programme for incorporation of
fresh seed dormancy in Spanish type.

Asibuo et al. (2008) conducted the study to determine the heritability of fresh seed
dormancy in groundnut and to transfer this trait from exotic lines (ICGV 86158 and ICGV
87378) known to possess dormancy, into genetic background of two groundnut varieties
(Shitaochi and Aprewa) widely grown in Ghana but lack dormancy. But the result revealed F;
progenies were dormant from crosses of dormant and non-dormant parents and F, progenies
tested the excepted 3 dormant to 1 non-dormant ratio.

2.9 Association of dormancy with other characters

Characters like dormancy, which need lab tests for observation, are conveniently
selected if some associations are identified between dormancy and other visible plant
characters. This association will also make early generation selection easy.

Character association with dormancy are rare in groundnut. In general, it is
presumed that seeds from bunch type of groundnut varieties are non-dormant and those of
semi-spreading varieties are dormant (John et al.,, 1948). But this association of dormancy
with plant habit cannot be generalised as there are several reports demonstrating the
existence of dormant cultures in bunch types (Patil, 1967: Muhammed and Dorairaj, 1968:
Muhammed et al., 1965: Wadia et al., 1987: Upadhyaya et al., 1997). Some associations,
however, have been seen in groundnut, like dormancy of seeds was seen associated with
maturity (Toole et al., 1964), dark green colour of leaves was reported to be associated with
dormant nature of seeds (Ramachandran et al., 1967).

Dormant seeds produce low amount of ethylene than the non-dormant seeds.
Seedling vigour is found associated with the pattern of ethylene production (Venu, 1993).
However, dormancy did not exhibit significant association with any of the morphological
characters, like main stem length, primary branch length, number of primary branches,
number of secondary branches and number of reproductive nodes on primary branch,
indicating its independent genetic control (Sarala, 1993 and Diddimani, 1996). Nautiyal et al.
(1997), in an experiment on accelerated ageing using dormant and non-dormant genotypes
have reported that seedling vigour is more in case of dormant genotypes than in non-
dormant genotypes.

Martin (1999) noticed that the yield losses due to sprouts of Spanish varieties are
considerable and range from 10-20 per cent of the pod yield and also the sprouting is to
increase the susceptibility of parent to aspergillus infection, which can result to the aflatoxin
contamination.

2.10 Variability for productivity traits

Among the various oil seed crops, groundnut is a uniqgue commercial crop and has
been aptly described as “natures” master piece of food value. Pod yield in groundnut, a
quantitatively inherited complex trait, is the result of number of cumulative, duplicate and
dominant genes and highly influenced by G x E interaction. This necessitates a thorough
knowledge of variability owing to genetic factors.



Further, a comprehensive knowledge on the interrelationship between yield
determining characters and their association for enhancement of yield is of paramount
determining character and their association for enhancement of yield is of paramount
importance in crop improvement.

Many agronomically important traits in groundnut are quantitatively inherited (Murthy
and Reddy, 1993). Additive, non-additive and epistatic genetic effects are reported for pod
yield, pods and seeds per plant, pod length and shelling outturn (Parker et al., 1970, Layrisse
et al., 1980, Dwivedi et al., 1989, Upadhyaya and Nigam 1998).

In an experiment conducted by Deshmukh et al. (1986), the results revealed that
heritability for plant height, 100 pod weight, 100 kernel weight, shelling out turns and oil
content. Hundred pod weight and 100 kernel weight also expressed high genetic advance,
indicating the role of additive gene action in controlling these traits. They indicated the
possibilities of selection response based on phenotypic expression.

Deshmukh et al. (1987) studied 25 Virginia runner varieties of groundnut and
observed high genotypic coefficient of variation coupled with high heritability and genetic
advance for 100 pod weight followed by 100 kernel weight, suggesting predominant role of
additive gene action in manifesting of the traits and phenotypic selection was fuirtful for
improvement of these traits.

Vaddoria and Patel (1990) estimated genetic parameters for 9 traits from 50
accession of Virginia groundnut. They observed high heritability coupled with high genetic
advance for pod yield per plant, pods per plant and 100 kernel weight and moderate for
branches per plant and days to 50 per cent flowering, days to maturity, shelling out turns and
oil content recorded moderate genetic advance. They concluded that characters viz., pods
per plant, 100 kernel weight and shelling out turn provided good opportunities for improving
pod yield.

Mishra and Yadav (1992) reported high genotypic coefficient of variation for 100
kernel weight, dry pod and kernel yield and plant height in groundnut. High heritability and
genetic advance were also observed for these characters.

Reddy (1994) analyzed variability by recording information on yield and 11 yield
components in 48 genotypes of Spanish groundnut. He reported that the values of phenotypic
coefficient of variation were in general, higher than the genotypic coefficients of variation for
all the characters. High genotypic and phenotypic coefficients of variation were recorded for
number of secondries, pod yield, haulm yield, 100 pod weight and 100 seed weight. The
heritability estimates were high for 100 pod weight, number of secondries, harvest index, 100
seed weight, height of main axis and shelling percentage.

Venkataramana (2001) from the evaluation of 30 groundnut genotypes stated that
genotypic coefficient of variation was high for oil content, pod yield, 100 kernel weight and
kernel yield. Heritability (broad sense) estimates were high for oil content, 100 kernel weight
and sound mature kernel percentage. High heritability coupled with high genetic advance was
observed for 100 kernel weight.

Dashora and Nagda (2002) studied twenty two germplasm lines for seven characters
in which dry pod yield. 100 kernel weight and kernel yield had high genetic advance and
estimates for heritability.

Singh (2005) studied 163 genotypes of groundnut for different characters to assess
the genetic variability, heritability and genetic advance and reported that high percentage of
genetic advance were recorded for number of pods and pod yield per plant, which indicated
that there were more number of additive genes for these characters and improvement in pod
yield could be brought about by selection based on phenotypic observations. Number of pods
per plant and 100 kernel weight expressed highly significant and positive phenotypic genetic
association with pod yield per plant.

Parameshwarappa et al. (2005) studied 48 diverse large seeded groundnut
genotypes and reported the presence of high genetic variability for number of primary
branches, pod yield per plant, kernel yield and plant height. Considerable variability was also
noticed for number of pods, 100 kernel weight and seed size and protein content.



However, variability observed for oil content and sound mature kernels was low. High
heritability coupled with genetic advance was noticed in respect to kernel yield, sound mature
kernels and 100 kernel weight. The extent of genetic advance was quite low for kernel size,
protein content and oil content.

Kadam et al. (2007) studied 40 groundnut genotypes of different botanical groups to
assess the amount of genetic variation, heritability and genetic advance with respect to pod
yield and other agronomic characters. The genotypic coefficient of variation was high for
kernel yield, pod yield, number of pods, number of branches, plant height and harvest index.
High heritability coupled with high genetic advance was observed for pod yield and kernel
yield.

Kumar et al. (2008) studied sixty four genotypes (39 accessions and 25 advanced
breeding lines) of groundnut and reported wide range of variability. The estimates of
genotypic and phenotypic coefficient variations were moderate for plant height, matured pods
per plant, pod yield per plant, kernel yield per plant, shelling percentage, 100 kernel weight,
harvest index and specific leaf area. High heritability coupled with high genetic advance was
noticed for all the characters under study except for days to 50 per cent flowering, days to
maturity, sound mature kernel per cent and oil content.

Khote et al. (2009) studied fifty six groundnut genotypes for genetic variability,
heritability, and genetic advance for yield and yield contributing characters. Higher phenotypic
and genotypic coefficients of variations were observed for dry fodder yield per plant followed
by dry pod yield per plant. High heritability values were recorded in respect to 100 dry pod
weight, number of days to maturity, oil per cent in kernels, pod length and dry fodder yield per
plant. The characters which showed high genetic advance as per cent of mean were dry
fodder yield per plant, dry pod yield per plant, leaf area, number of pods per plant, number of
sound mature kernels per plant and 100 dry pod weight.

2.10.1 Test weight (g)

Hundred seed mass is quantitatively inherited trait controlled by additive, dominance
and epistatic effects (Garet, 1976, Sandhu and Khera, 1976, Layrisse et al, 1980,
Arunachalam et al., 1984, Upadhaya and Nigam 1998).

Pod yield possessed significant positive association with kernel yield, test
weight and oil yield at both genotypic and phenotypic levels (Laksmidevamma et al., 2004).

The size of kernel is one of the important factors for export. Normally varieties with
hundred seed mass of 60 g or more are considered as large seeded groundnut and are
preferred for confectionary purpose. Large seeds of groundnut have a greater consumer
performance and fetch higher prices in domestic and international markets. Birsa 1 was one
of the first confectionary varieties released for cultivation in India (Rahaman et al., 1995) in
pod/seed yield and 15 per cent in 100 seed mass.

Highest pod yield per plant was reported in hypogaea group with the range of 6.68 to
11.49 @) rather than fastigiata group ranged from 3.69 to 8.76 g (Mallikarjuna Swamy et al.,
2003). They also reported that pod yield per plant had a significant negative correlation with
oil content and positive correlation with test weight.

2.10.2 Shelling per cent

Many agronomically important traits in groundnut are quantitatively inherited (Murthy
and Reddy, 1993). Additive, non-additive and epistatic genetic effects are reported for pod
yield, pods and seeds per plant, pod length and shelling outturn (Parker et al., 1970, Layrisse
et al., 1980, Dwivedi et al., 1989, Upadhyaya and Nigam 1998).

Upadhyaya (2003) reported significant variation for shelling per cent between
hypogaea and fastigiata showed higher shelling per cent than hypogaea accessions of which
910 belonged to sub spp. fastigiata and 794 to sub spp. hypogaea.

Genetic variability components revealed high heritability for shelling per cent, 100
seed weight and low for pod yield per plant (Upadhyaya et al., 2005 and Vasanthi et al,
1998).



2.10.3 Late leaf spot and rust

The foliar diseases viz., late leaf spot and rust are commonly present wherever the
groundnut is cultivated. Each disease alone is capable of causing substantial yield loss but
when they occur together losses are further increased up to 70 per cent in India
(Subrahmanyam et al., 1980). These diseases also have an adverse influence on the
recovery of pods, quality of seeds and haulms.

Rust is one of the most destructive fungal diseases in almost all groundnut-growing
areas of the world. It is caused by Puccinia arachidis Speg. and first noted by Spegazzini
(1884). The disease occurs in most of the groundnut growing Indian states and more
intensively in South Indian states as conditions favours the development and spread of the
disease (Subrahmanyam and McDonald, 1982). Pod loss caused by rust reach 50-80 per
cent in epidemic year (Sandhikar et al., 1989).

The Cercospora or tikka leaf spots (Early and late leaf spots) are the most important
foliar fungal diseases of groundnut. Late leaf spot distributed throughout the world and more
predominant compared to early leaf spot because of its fast spreading nature. It is caused by
Cercospora personatum (Berk and Curt) and was described in USA in 1875. The perfect
stage Mycosphaeselles berkeleyii was described by Jenkins (1938). But, recently, it
was renamed as Phaeoisariopsis personata (Berk and Curt) V. Arx.

Reys and Romasata (1940) reported that leaf spot lesions are not only confined to
the leaf lamina, but may occur on petioles, stems and pegs leading to direct deterioration of
the developing pods. Leaf spot causes damage by causing lesion formation, reduction in
photosynthetic area by way of defoliation (Boote et al, 1980) and premature leaflet
abscission. Generally, 10 to 15 per cent yield losses were reported due to late leaf spot
(McDonald et al., 1985) worldwide and reduced seed yield could be due to reduction in dry
weight, chlorophyll, protein and sugar (Ghosh and Biswas, 1995).

Sources of resistance to both early and late leaf spot have been identified in Arachis
hypogaea (Chiteka et al. 1988; Anderson et al. 1993). Very high level of resistance to late leaf
spot has been found in wild species of groundnut (Stalker and Simpson 1995) and used to
develop breeding lines with resistance (Gorbert et al. 1982; Melouk et al. 1984; Wells et al.
1994; Xue and Holbrook 1998). Programmes are going on to introgress this resistance into A.
hypogaea (Stalker and Beute 1993).

Dinakaran et al. (1992) conducted separate field evaluations of disease damage
caused by late leaf spot and rust with 28 groundnut genotypes and the standard cultivars JL-
24 and TMV-2. Their study revealed that PI-215696, NCAC-927, EC76446 (292), PI350680
and PI1259747 were resistant to both diseases.

Gopal et al. (1993) screened 56 groundnut genotypes for late leaf spot and rust
diseases during the rainy season (1990). The results showed that 2 Spanish, 3 Virginia bunch
and 5 Virginia runners were resistant to both diseases.

Gopal et al. (1994) evaluated six genotypes and four susceptible controls Girnar 1,
JL-24, TMV-2 and KRG-1 for late leaf spot and rust resistance. R 8972 was the most resistant
to LLS and rust with scores of 3.0 and 2.5, respectively.

Aquino et al. (1995) found that latent period and maximum percentage of lesion that
sporulated were the components of resistance most highly correlated with late leaf spot
diseases development. They suggested that using either of these two components to
evaluate breeding populations might facilitate more rapid selection of lines with improved
levels of rate reducing resistance.

Vasanthi et al. (1998) reported a significant and positive association of leaf spot and
rust severity with shelling percentage. By studying the eleven elite lines developed at
ICRISAT and three varieties for late leaf spot and rust, which showed high heritabilities of
96.55 and 93.28 per cent, respectively.

Until the release of ‘Southern Runner’ in 1984, no commercial cultivar was available
with meaningful resistance to late leaf spot (Gorbet et al., 1999). Holbrook and Isleib (2001)
observed that screening of 13000 accessions at IAC led to the identification of 69 genotypes
resistance to LLS (Mehan et al., 1996). Forty-nine of these resistance sources were land



races from Peru. Out of 69 LLS resistant genotypes only 19 were being used in breeding
programme. Only one of them (ICG 4747) had resulted in release of resistant cultivars as ICG
(FDRS) 4 and ICGV 86590 from IAC and Girnar 1 from Indian national programme. Some
resistant accessions from Peru are ICGS-10920, ICGS-11182, and ICGS-12720.

Gowda et al. (2002) developed GPBD-4 an early maturing resistant variety of late leaf
spot and rust from the cross KRG-1 x ICGV-86855.

Reddy et al. (2004) studied molecular diversity among genotypes for resistance to
late leaf spot and rust in groundnut. The susceptible lines clustered distinctly away from the
resistant group and GPBD-4 occupied a distinct cluster.

The effect of important diseases of groundnut and sorghum on pod and grain yield
and crop residue yield and quality. In four genotypes of groundnut, late leaf spot
(Phaeoisasariopsis personata) and rust (Puccinia arachidis) are the two major foliar diseases
that together could reduce pod and haulm yield by 70% and in vitro digestibility of haulms by
22%. Two genotypes (ICGV 9202 and 92093) were highly resistant to these foliar diseases
maintaining high pod and haulm yield as well as high in vitro digestibility of haulms (>62.3%)
even under highest disease pressure. (Bandyopadhyay et al., 2003).

Mondal et al. (2005) studied nineteen groundnut genotypes with varying resistance to
late leaf spot and rust VG-9514, TFDRG-5, GPBD-4, DTG-27, DTG-57, DTG-58, DTG-60,
TDG-56 and Mutant 28-2 resistant to both diseases.

2.10.4 Nutritional quality traits
2.10.4.1 Oil content

The oil content of kernels shows significant genotypic variations. The crop season,
habit group, geographical location, soil fertility, moisture availability, maturity crop at harvest
seed mass etc. have a bearing on the oil content.

The oil content of groundnut produced in India may vary from 42 to 55 per cent. Rao
et al. (1965) have reported the widest range of (42.3 to 56.5%) oil content on the basis of
analysis of 121 genotypes.

Tai and Young (1975) reported that oil content is quantitatively inherited, while Martin
(1967) estimated that only two pairs of major genes control oil content in peanut seeds. Martin
(1967) and Patil (1972) obtained high heritability estimates of oil content.

Cherry (1977) determined the quantity of oil from 37 selected wild species and 21
cultivars and found that oil content in seeds was 46.50 to 63.10 per cent for wild species and
43.6 to 55.50 per cent for the cultivars. The oil content of groundnut has been reported to
range from 35.80 to 54.20 per cent and average near 45 per cent (Jambunathan et al., 1985
and Dwivedi et al., 1990).

Cultivars Dh 3-20, NCAC 17494, NCAC 17278, NCAC 17500, S.Am. Coll 79, TMV3,
TG 7 and TMV 10 have been reported to contain 52 per cent or more oil (Nagaraj et al.,
1986).

Raheja et al. (1987) and Bansal et al. (1993) reported that the oil content of
groundnut genotypes is independent of habit group (Virginia runner, Viriginia bunch and
Spanish bunch).

QOil content is generally higher in kernels obtained from the crop grown in summer
season (dry irrigated conditions) than those from rainy season (Nagaraj and Chauhan, 1987).

The oil content is also influenced by the maturity of the crop at harvest. The oil
content increases with advancing maturity in most cultivars (Nagaraj et al., 1987).

On the basis of analysis of graded samples of 33 genotypes, Dwivedi et al. (1990)
observed that oil content could not be significantly correlated with seed mass (size) across
the genotypes. Generally, within a genotype, oil content (%) increased with the increasing
mass of seed.



The oil content differs considerably with geographical locations of crop growth in
India. On the basis of an experiment conducted by cultivating eight Virginia groundnut
cultivars in five different geographical locations in the country (Junagadh, Jalagaon, Dharwad,
Khargaon and Chintamani), Nagaraj et al. (1984a) concluded that the highest oil content was
observed in the seeds obtained from Junagadh (Gujarat) while the lowest was in the seeds
from Dharwad (Karnataka).

Compared to refined oil, raw groundnut oil is fairly stable because of its iodine
number, saponification number, acetyl number and free fatty do not change during heat
treatments and hence, groundnut oil is highly reusable. Besides, groundnut oil can be stored
at room temperature for 18 months without significant deterioration in quality. Hence,
groundnut oil is considered as an excellent cooking medium (Misra et al., 2000).

Peanut (Arachis hypogaea L.) is an important oilseed crop worldwide because oil
comprises ~ 50 per cent of its seed dry weight (Isleib et al., 2004).

2.10.4.2 Protein content

Groundnut kernels are considered as important source of vegetable protein, as it is
the second most abundant constituent of kernel after oil. The protein content shows
considerable genotypic variations and is affected by crop reason, location, soil moisture and
nutrient availability etc. Groundnut protein is increasingly becoming popular as food and feed
source, especially in developing countries where protein from animal sources is not within the
means of majority of the population. The groundnut kernels contain more protein than meat,
eggs and most of other vegetables. This is especially important for children.

Punnoose and George (1974) have reported that the application of nitrogen or
phosphorous or both leads to increase in protein content.

Pancholy et al. (1978) reported crude protein content of whole seed groundnut range
between 22 to 30 per cent showing large variation which is generally influenced by genotype
and environmental conditions.

The development of nutritionally balanced foods to feed the growing population of
dietary deficiencies of proteins is receiving increasing attention of the food scientist and
nutritionists, oilseeds are used to manufacture and market high protein foods at reasonably
low prices (Bookwaltes et al., 1979).

Gupta et al. (1982) reported protein content to be in the range of 24.05 to
33.25 per cent among twenty five genotypes grown at Hissar (Haryana).

The protein content of groundnut kernels is generally determined by multiplying the
nitrogen content with a nitrogen-to-protein conversion factor. Some authors have used a
factor of 5.46 (Nagaraj et al., 1984a, Dwivedi et al., 1990, Jambunathan et al., 1993, Misra et
al., 2000) while the others have used a factor of 6.25 (Gadgil and Mitra, 1983, Bangar
et al., 1997). Obviously depending upon the conversion factor used, the protein content of
samples containing same nitrogen content may be reported to be different from each other.

Nagaraj et al. (1987) reported that unlike oil content, the protein content of kernels is
not much affected by the maturity status of the at harvest.

Reddy et al. (1987) indicated that the seeds of groundnut contain 25 to
32 per cent protein and the cake, the residual matter after oil extraction contains 46 to 60 per
cent protein. Whereas, Gupta et al. (1982) reported the protein content in the range of 24.05
to 33.25 per cent among the 25 genotypes of groundnut grown at Hissar. A range of 16.00 to
34.00 per cent protein was observed in 8000 germplasm accessions analyzed at ICRISAT
(Dwivedi et al., 1993).

Jambunathan et al. (1993) have reported protein content in groundnut kernels in the
range 20.0 to 30.8 per cent of five ICGS cultivars and two other cultivars.

The end-of-season drought results in increased protein content of kernels (Dwivedi et
al., 1996) and the kernels obtained from the rainy season generally contain higher protein
than that of summer season.



Protein content varies much between accessions of botanical varieties but between
accessions of botanical varieties it ranges from 16.10 to 34.00 per cent (Singh et al.,
1998).

The groundnut kernels contain high quality protein than meat, eggs and most of other
vegetables. Hence, it is important for children, women and people eating more meatless
meals (Misra et al., 2000). In absence of adequate carbohydrate and fat in diets, dietary
proteins are broken down to provide energy (4 Kcal/g).

Misra et al. (2000) reported protein content in the range of 18.6-26.0 per cent among
18 cultivars grown at Junagadh.

Groundnut protein comprises almost entirely of two globulins viz., arachin (63%) and
conarachin (33%). As both arachin and conarachin contain 18.3 per cent nitrogen, hence, the
nitrogen protein conversion factor for groundnut is 5.46. However, there is possibility of
variation in the value of nitrogen to protein conversion factor due to differences in genotypes
and geographical locations (Misra et al., 2000).

The protein content of the kernels obtained from the crop of rainy season is generally
higher than that of summer season (Misra, 2004).



3. MATERIAL AND METHODS

A population of 268 F;, derived recombinant inbred lines (RILs) from the cross TAG
24 x GPBD 4 were utilized for the study. In the summer season, the experimental material
was sown on 1* January, 2010 in a Randomized Complete Block Design (RCBD) with two
replications. Each recombinant inbred line (RIL) was grown in a row of 2.25 m length with
spacing of 30 cm between rows and 10 cm between plants. The crop was harvested on 24"
April 2010. In the kharif season, the experimental material was sown on 26" June, 2010 in a
Randomized Complete Block Design (RCBD) with two replications. Each recombinant inbred
line (RIL) was grown in a row of 2.5 m length with spacing of 45 cm between rows and 10 cm
between plants. The crop was harvested on 20" November 2010. Individual RIL harvested
was evaluated for seed dormancy, nutritional traits (protein content and oil content), yield and
yield related traits.

3.1 RILs population

Recombinant inbred lines derived from the crosses TAG 24 x GPBD 4 were used for
genetic variability for seed dormancy of linkage map. This comprised 268 genotypes which
segregated for agronomic trait, foliar disease reaction, nutritional and oil quality traits.

3.1.1 Salient features of parental material

TAG 24 a Spanish bunch type variety derived from TGE-2 x TGE-1 (Patil et al., 1995)
is a popular high yielding cultivar which matures early with high harvest index, better
partitioning coefficient and field tolerance to bud necrosis diseases it contains 29 per cent
protein, 45 per cent oil, low O/L ratio (Table 1). TGS-2 was derived from TG-187A x M-13 and
TGE-1 from TG-9 x Tall, where TG-18A, TG-9 and Tall are either mutants or mutant
derivatives traced to Spanish improved.

GPBD 4 (D-39d) is an improved Spanish bunch groundnut variety derived from KRG-
1 x CS16 (ICGV-86855) developed at University of Agricultural Sciences, Dharwad (Gowda et
al., 2002). GPBD 4 is a second cycle product of inter specific hybridization with desirable
combination of medium maturity, high yield resistant to leaf spot and rust diseases, desirable
pod and kernel features. Besides these, it has high oil content, better O/L ratio and better
protein content (Table 1).

Table 1: Preliminary evaluation of parental lines

Variety Oil content (%) Protein (%) O/L ratio
GPBD 4 50.04 33.17 1.90
TAG 24 45.03 29.04 1.06

3.1.2 Development of mapping population

The mapping population was developed at the University of Agricultural Sciences,
Dharwad from the cross TAG 24 x GPBD 4. F;s were selfed to produce F, and advanced
through Single Seed Descent (SSD) method till Fg generation. Each Fg line epitomizes the
individual F» plant from which it is derived (Plate 1).

3.2 Experimental site and climatic condition

Experimental material was evaluated at Botany Garden, Department of Genetics and
Plant Breeding, UAS, Dharwad, during summer and kharif 2010-11. The soil type of the
experimental block of UAS, Dharwad was vertisol with pH in the range of 7.0 to 7.5. Dharwad
is located in the transitional tract of Karnataka at 15°13 north Latitude, 75°07 east longitude
and at an altitude of 678 m above mean sea level with an average rainfall of 800 mm.
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Plate 1: Development of TAG 24 x GPBD 4 mapping population

Plate 1: Development of TAG 24 x GPBD 4 mapping population



3.3 Cultivation practices

The seed bed was prepared to the fine tilth before taking up the sowing. The
recommended package of practices for cultivation of groundnut crop was adopted.

3.4 Environmental seasons

The monthly meteorological data obtained from Meteorological department of Main
Agricultural Research Station, University of Agricultural Sciences, Dharwad, with regard to
temperature, relative humidity, rainfall and number of rainy days during the course of
investigation is presented in Appendix 1.

3.5 Observations recorded
Days to 50% flowering

Per cent of germination

Kernel yield per plant (g/plant)
Intensity of dormancy

Duration of dormancy

Dry pod yield per plant (g/plant)
Shelling per cent (%)

© N o ok~ w D~

100 kernel weight (g)

©

Sound mature kernel per cent
10. Qil content (%)

11. Protein content (%)

12. Scoring for late leaf spot and rust
13. Scoring for Spodoptera litura L.

3.5.1 Days to 50 per cent flowering

Out of the total population when 50 per cent of plants flowered after sowing was
recorded as days to 50 per cent flowering.

3.5.2 Per cent of germination

Germination test was conducted by drawing 25 mature seeds random from parents
and 10 from each line at 15 days after harvest (DAH) and were rolled in 15 x 12 cm sized
germination paper and stapled at both the ends. Each roll was labeled appropriately. These
rolls were then arranged in a polythene sheet and rolled over to ensure minimum loss of
water through evaporation. These were then transferred to germination chamber and per cent
germination was recorded after seven days.

3.5.3 Kernel yield per plant (g)

Kernel yield per plant (g) was calculated based on multiplication of dry pod yield and
shelling per cent divided by 100.

Dry pod yield per plant x shelling (%)
100

Kernel yield/plant (g/plant)=

3.5.4 Intensity of dormancy

Intensity of dormancy was measured as percentage of non-germinated seeds at 7
days after harvest.



3.5.5 Duration of dormancy

Number of days taken from the day of harvest to achieve full germinability. This was
estimated by probit analysis (Wardlaw, 1985).

3.5.5.1 Estimation of G70

The number of days taken for 70 per cent germination (G 70) by each of the lines and
parents was estimated by ‘probit method’ (Wardlaw, 1985). The steps are explained.

3.5.5.2 Graphical approach

The curve obtained for the germination test date when the proportion of seeds
germinated is plotted against number of days. This curve is transformed into a straight line by
expressing each proportion as a percentage and converting this in turn into a probit value
consulting. The plot of probit of germination against number of days is drawn by plotting in the
figure.

After plotting the probit values, a straight line is fitted through the points by eye. G 70
is read directly as the day corresponding to a probit of 7.0 (equivalent to 70%).

3.5.6 Sound mature kernels per cent

Well developed and shriveled kernels were separated, counted and percentage was
computed as

Number of well developed kernels
SMK (%)= x 100
Total number of kernels

3.5.7 Dry pod yield (g/ plant)

Pod yield per plant was calculated by dividing total pod yield per plot by number of
plants in the plot, expressed as g/plant.

Dry pod yield per plot (g)
Number of plants per plot

Dry pod yield per plant (g) =

3.5.8 Shelling per cent

Hundred grams of dry pods were taken and shelled. The weight of kernels gave
shelling per cent.

Weight of kernels (g)
Weight of dry pods (g)

Shelling per cent = x 100

3.5.9 Test weight (g)

The well dried and cleaned pods from each genotype were shelled and 100 kernels at
random were counted and weight was recorded in grams.

3.5.10 Oil content (%)

Oil content of each RIL for both the seasons was estimated by near infrared
spectroscopy (NIRS).

3.5.11 Protein content (%)

Protein content of each RIL for both the seasons was estimated by near infrared
spectroscopy (NIRS) at the seed quality testing lab of UAS, Dharwad.



3.5.12 Disease resistance
3.5.12.1 Rust and late leaf spot

The modified 9 point scale for rust (Table 3 and Fig. 1) and late leaf spot
(Table 4 and Fig. 2) diseases as given by Subbarao et al. (1990) were used for screening
genotypes. The visual scores (1-9) and extent of leaf area destroyed (1-100%) are linearly
related. The field disease scores are mainly based on the extent of leaf area damaged. For
late leaf spot, the extent of defoliation is also incorporated into the scale. Genotypes were
scored to 80 (Stage |) and 90 (Stage Il) days after sowing for both rust and late leaf spot.
3.6 Statistical analysis

The data collected on the mean of five randomly selected plants per plot of each
genotype at each replication was used to calculate mean, range, genetic parameters.

The chi square (xz) test was calculated to examine the goodness of fit between the
observed and the expected ratios in RILs populations at the probability p = 0.05 level of
significance.

3.6.1 Mean and range
The mean and range of each character were calculated for each trait.

Mean: it is a measure of central tendency. The arithmetic average of the number of
observations.

Mean = ZXi

Where,
¥X = sum of all observation
n = Number of observation

Range : It was simple measure of variability. The difference between the maximum and
minimum value observed for each trait.

3.6.2 Analysis of variance (ANOVA)

The mean data were statistically analysed by split plot analysis for the experiment-I.
The critical differences were calculated at five per cent level of probability wherever F test
was significant.

The data on different characters for experiment-1l were subjected to analysis of
variance for Randomized Complete Block Design (RCBD) as detailed by Panse and
Sukhatme (1967).

3.6.3 Analysis of variance pooled over seasons

Sou.rcg- of Df M.S.S. Expected mean E
variation square
Replication in s(r-1) - - -
environment
Season (S) (s-1) M, os® + Yo°gs + Ygo’s M;Ms;
Genotypic (G) (g-1) M, 0s® + Yo°gs + Yso'g MM,
GxS (g-1) (s-1) Ms os” + Yo°gs MsM,
Pooled error s(r-1) (g-1) M, cs? MM,




Where,
r = Number of replications
g = Number of genotypes

= Number of seasons
2

GS = Error variance
og® = Genotypic variance
(5982 = Genotypic-enviornmental interaction variance

For the combined analysis over seasons, a pooled error mean squares was
calculated by pooling the error mean squares of each individual experiment with the help of
the following formula.

Pooled error mean squares = %
Where,
e = Number of seasons
Coefficient of variation (CV %) = EMSS x 100

X
Critical difference (CD) = S. E4 x t at 0.05 for (r-1) (g-1) df
Phenotypic and genotypic variances

These were calculated according to the formula given by Lush (1940) and Choudhary
and Prasad (1968).

Genotypic variance ng = (GMSS — EMSS)/r

Phenotypic variance o’p =o°g+o°e

Error variance o°e = EMSS
Coefficient of variance

The components of variance viz., phenotypic and genotypic variance were used for
the estimation of phenotypic and genotypic coefficient of variation as per ha methods
suggested by Singh and Choudhary (1979).

Vo p
Phenotypic coefficient of variation (PCV %) = - x 100
X

. - - No' g

Genotypic coefficient of variation (GCV %) = < x 100
Where,

o°p = Phenotypic variance
o°g = Genotypic variance

X = Mean of the character



The GCV and PCV values were classified as described by Sivasubramanian and
Menon (1973).

GCV and PCV values Classification
0-10 Low
10-20 Medium

20 and above High

Heritability

Heritability in broad sense (h® was computed as a ratio of genotypic variance to the
total variance Hanson et al., 1956).

= %9 x100
op
Where,
o°g = Genotypic variance
o’ = Phenotypic variance

Heritability estimates were classified into low, moderate and high by following Hanson
et al. (1956).

Heritability (%) Classification
0-30 Low
30 -60 Medium
60 and above High

Genetic advance
Genetic advance was estimated by using the formula given by Johnson et al. (1955).
GA =h®xk x c°p

Where,
h? = Heritability estimate
k = Selection differential which is equal to 2.06 at 5% intensity of selection
(Lush, 1940)
c = Phenotypic standard deviation

Genetic advance percentage over mean

GAM = GA x 100

Where,
GA = Genetic advance

X = General mean of the character



Classification of GAM is as follows (Johnson et al., 1955).

GAM Classification
0-10 Low
10-20 Medium

20 and above High

Table 2: Modified 9-point scale used for field screening groundnut genotypes for
resistance to rust diseases

Disease Disease
score Description severity
(%)
1 No disease 0
2 Pustules sparsely distributed, largely on lower leaves 1-5
3 Many pustules on lower leaves, necrosis evident, 6-10
very few pustules on middle leaves
4 Number of pustules on lower and middle leaves, severe necrosis of 11-20
lower leaves
5 Severe necrosis of lower and middle leaves, pustules may be 21-30
present on top leaves but less severe
6 Extensive damage to lower leaves, middle leaves, necrotic with 31-40
dense distribution of pustules on top leaves
7 Severe damage of lower and middle leaves, pustules densely 41-60
distributed on top leaves
8 100 per cent damage to lower and middle leaves, pustules on top 61-80
leaves
9 Almost all leaves withered, bare stems seen 81-100
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Fig. 1: The modified 9-point scale for field evaluation of rust of groundnut



Table 3: Modified 9-point scale used for field screening groundnut genotypes for

resistance to late leaf spot disease

Disease Disease
score Description severity
(%)
1 No disease 0
2 Lesions present largely on lower leaves, no defoliation 1-5
3 Lesions present largely on lower leaves, very few on middle leaves;
defoliation of some leaflets evident on lower leaves 6-10
4 Lesions present on lower and middle leaves but severe on lower
leaves, defoliation of some leaf lets evident on lower leaves 11-20
5 Lesions present on lower and middle leaves, over 50 % of
defoliation of lower leaves 21-30
Severe lesions on lower and middle leaves; lesions present but less
6 severe on top leaves; extensive defoliation of lower leaves; some
defoliation on middle leaves 31-40
7 Lesions on all leaves but less severe on top leaves; defoliation of
all lower and middle leaves 41-60
8 Defoliation of all lower and middle leaves; severe lesions on top
leaves evident 61-80
9 Almost all leaves defoliated, leaving bare stem; some leaflets may
remain, but show severe leaf spot 81-100




Fig.2: The modified 9-point scale for field evaluation of late leaf spot of groundnut



4. EXPERIMENTAL RESULTS

The results obtained for phenotyping of recombinant inbred population (TAG 24 x
GPBD 4), for diseases (rust and LLS) nutritional quality traits (protein and oil) and productivity
traits and dormancy in two seasons (summer and kharif, 2010) are presented in this chapter.

The Experimental results of the present investigation are presented under following
headings.

4.1 Phenotypic data analysis of RILs population
4.1.1 Genetic variability for agronomic and productivity traits in RILs population
4.1.2 Genetic variability for protein and oil content traits in RILs population
4.1.3 Genetic variability for disease resistance to LLS and Rust in RILs population
4.1.4 Genetic variability for intensity and duration of dormancy in RILs population
4.2 Dormancy analysis of RILs population
4.2.1 Dormancy of RILs population during summer 2010
4.2.2 Dormancy of RILs population during kharif 2010
4.2.3 Intensity and Duration of dormancy of RILs population
4.2.4 Nature of dormancy

4.3 Frequency of desirable segregants

4.1 Phenotypic data analysis

4.1.1 Genetic variability for agronomic and productivity traits in RIL
population

4.1.1.1 Analysis of variance (ANOVA)

Two seasons data of RILs population (TAG 24 x GPBD 4) grown at UAS, Dharwad
and the pooled analysis were carried out and ANOVA of yield and yield component traits are
presented in Table 4.

Recombinant inbred lines of the mapping population (TAG 24 x GPBD 4) differed
significantly from each other for all the traits studied in both seasons and across season
while, sound mature kernel differed non-significantly during kharif season. These genotypes
had significant interaction with environment for kernel yield per plant and shelling percentage
but for dry pod yield per plant at 5 per cent only and non-significant for days to 50% flowering,
sound mature kernel and hundred kernel weight. Season had shown significant effect on all
the traits studied.

4.1.1.2 Mean, range and components of variation

The nature and magnitude of variation for individual trait was assessed by phenotypic
coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability and genetic
advance as per cent mean (GAM) and are explained below along with their mean and range
(Table 5).

Low GCV (3.70, 2.28 and 3.32), PCV (4.76, 5.42 and 5.53) and GAM (7.59, 2.54 and
5.27.) were recorded for days to 50 per cent flowering in summer, kharif season and across
the seasons respectively. However, high heritability (60.30) was recorded for the same trait
when RILs are grown in summer. Where as in kharif, across the seasons low (17.80) and
moderate (36.10) heritability was found with mean of 37.59, 30.30 and 33.95 days to 50 per
cent of flowering in summer, kharif and across the two seasons, respectively The range for
days to 50 per cent flowering was less in kharif (29.50 to 31 days), compared to summer
(35.50 to 41 days).



Table 4: ANOVA for yield components traits and dormancy among RILs of TAG 24 x GPBD 4 mapping population

Sources of Location/ DPY Intensity | Duration
variation season df DFF SP (%) HKW (g) KY (g/plant) (g/ plant) SMK (%) . of . of
ormancy | dormancy
Summer 5.44 0.26 227.13 0.16 0.06 1316.30 230.75 8.66
Replication Kharif 1 1.52 93.08 307.51 20.53 14.13 511.37 84.80 2.61
Pooled 6.36 931.73 267.32 10.34 7.0982 913.84 157.78 5.63
Summer 4.12%* 171.88* 56.31* 10.42% 20.15** 145.21* 709.32 ** 44.05**
Genotype Kharif 269 3.61* 93.40%* 59.75* 18.26** 27.40** 43.44 726.82 ** 48.19**
Pooled 6.93** 146.25* 75.68 20.13** 33.68** 94.37* 1211.61** 57.37**
Season Pooled 1 14322.68** 17811.34** 9625.44** 6097.24** 6683.54** | 36073.62** | 7456.00** 0.005
G x E interaction Pooled 1 0.58 2699.68** 40.38 8.55** 13.87* 94.29 224 53** 34.87*
Summer 2.02 22.25 37.00 171 3.03 118.88 0.45 0.053
Error Kharif 29 2.52 56.48 20.05 3.92 3.71 37.91 0.47 0.09
Pooled 538 2.13 39.37 28.52 2.82 3.37 78.40 0.46 0.071

* - Significant at 5% level probability

Note : df — Degrees of freedom
HKW(g) — Hundred kernel weight (g)
Pooled = Across season

** _ Significant at 1% level probability

DFF — Days to Fifty per cent flowering

KY (g/plant) — Kernel yield (g/plant)

SP (%) — Shelling per cent

DPY (g/plant) — Dry pod yield (g/plant)




Genetic variation for sound mature kernels in each season and across season was
low as indicated by low GCV (4.29, 1.73, 1.80), PCV (10.07, 4.85, 5.37) low heritability
(18.13, 12.73, 11.31) and low GAM (3.76, 1.27, 1.25) were recorded in each season and
across the seasons respectively. Wide range viz., 74.78 to 100.00, 42.01 to 98.80 for this trait
was observed in kharif and summer season with high mean (96.09) in kharif when compared
to summer (84.53) respectively.

For hundred kernel weight, low GCV (7.80, 9.72 and 7.22) and moderate PCV (17.14,
13.79 and 9.63) in each season and across the seasons were estimated. For the same trait
low heritability (20.69) and GAM (5.56) was recorded in summer whereas, it was moderate
heritability (49.73 and 56.12) and GAM (16.33 and 11.14) in kharif and across the seasons
respectively. There was a much variation between the seasons in terms of 100 kernel mean
weight. The mean kernel weight was 40.00g in summer 45.64 g in kharif and 42.91 g in
across the seasons. Wide range (22.00 — 57.00 g) was observed in summer and range was
comparatively high in kharif (33 — 67.75 g).

RILs had moderate GCV (13.47) for shelling percentage in summer and low GCV
(5.94 and 5.33) in kharif and across the season but moderate PCV (15.35, 11.97), was
recorded in each season and across the season it was low (7.58). Heritability was high (77.06
and 53.25) in summer and across seasons but moderate (24.63) in kharif. On the other hand,
moderate GAM (18.45) was estimated in summer whereas in kharif (5.35) and across the
season (8.31) it was low. But shelling per cent was not affected much with two seasons and
across the season with mean (65.22, 72.44and 68.83) but range for this trait also differed in
both seasons viz., 52.00 to 90.00 per cent during kharif and 35.61 to 78.25 per cent during
summer season.

For kernel yield, moderate GCV (20.49, 17.92 and 15.62), high PCV (22.42, 22.23)
were recorded in both the seasons and across the season it was moderate (17.86). High
heritability (83.52, 78.48 and 76.50) and GAM (38.59, 32.71 and 28.16) was estimated in
kharif, summer and across the seasons. On the other hand, variation was observed for mean
kernel yield (14.93 g, 10.18 g and 12.56 g) during kharif, summer and across the seasons,
range was high (4.50 to 23.54 g) in kharif when compared to summer (4.06 to 15.66 Q)
respectively.

Moderate GCV (18.71, 16.7 and 14.28) coupled with moderate PCV (20.30, 17.96
and 16.01) were estimated for dry pod yield in each season, and across the seasons. On the
other hand high heritability (84.93, 86.44 and 79.59) and high GAM (35.52, 31.98 and 26.25)
was recorded for dry pod yield in each season and across the seasons. Mean dry pod yield
was high (20.6 g) in kharif season compared to summer (15.63 g). Wide range (8.90 t023.50
g) for this trait was observed in summer season, when compared to kharif season (10.99 to
31.319).

4.1.2 Genetic variability for protein and oil content traits of RILs population

Data on RILs population grown at UAS, Dharwad in kharif season was analyzed
statistically. Analysis of variance for protein and oil content are presented in Table 6 and
Table 7.

RILs recorded significant analysis of variance for both protein and oil content during
kharif season at both 1 and 5 per cent significance level (Table 6). Among the RILs there was
low GCV (6.41) and PCV (7.80) for protein content, but high heritability (67.00) and moderate
GAM (11.87) was recorded (Table 7). Low genotypic (2.99) and phenotypic (4.11) coefficients
of variation were recorded for ail content also and low GAM (5.11) for this trait. Moderate
heritability (52.00) was observed for this trait. The mean oil content (47.21%) and protein
content (28.24%) and range was 42.87 to 51.67 for oil content and 22.1 to 36.95 for protein
content.



Table 5: Mean, range and estimates of genotypic and phenotypic coefficient of variability, heritability and genetic advance in RILs population over

two seasons (summer and kharif)

Parameters ng;;i(?n“/ DFF SP (%) HKW (g) KY (g/ plant) DPJa(ﬁg’er SMK 'ggﬁ'r‘rf;tgcg’,f %‘érr?;iggcgf
Summer 37.59 65.22 40 10.18 15.63 84.53 16.80 6.18
Mean Kharif 303 72.44 45.81 14.93 206 96.09 11.55 6.08
Pooled 33.95 68.83 42.91 12.56 18.12 90.32 14.18 14.03
Summer 35.50-41.00 35.61-78.25 22.00-57.00 4.06-15.66 8902350 | 42.01-98.80 | 0.00-9005 | 2.84-38.20
Range Kharif 29.50-31.00 52.00-90.00 33.00-67.75 4502354 | 10.99-31.31 | 74.78-100.00 | 0.00-76.75 | 3.43-37.84
Pooled 32.75-36.00 52.00-82.00 30.12-55.00 6551851 | 10342459 | 68.54-9858 | 0.00-9000 | 3.43-32.68
Summer 3.70 13.47 7.80 20.49 18.71 4.29 111.09* 76.6
GCV (%) Kharif 2.28 5.04 9.72 17.92 16.7 1.73 164.80* 80.50
Pooled 3.32 5.53 7.22 15.62 14.28 1.80 118.89* 738
Summer 4.76 15.35 17.14 22.42 20.30 10.07 112.20% 77.50
PCV (%) Kharif 5.42 11.97 13.79 22.23 17.96 4.85 165.10* 80.68
Pooled 5.53 7.58 9.63 17.86 16.01 5.37 122.76* 71.28
Summer 60.30 77.06 20.69 83.52 84.93 18.13 75.00* 76.00
(broa dh;ense) Kharif 17.80 24.63 49.73 78.48 86.44 12.73 80.00* 78.00
Pooled 36.10 53.25 56.12 76.50 79.59 11.31 93.00* 95.00
Summer 7.59 18.45 5.56 38.59 35.52 3.76 29.12* 9.78
GAM Kharif 254 5.35 16.33 32.71 31.98 1.27 31.42" 7.88
Pooled 5.27 8.31 1114 28.16 26.25 1.25 33.62" 7.63

Note : df — Degrees of freedom

HKW(g) — Hundred kernel weight (g)

Pooled = Across season

DFF — Days to Fifty per cent flowering
KY (g/plant) — Kernel yield (g/plant)

* - Indicates transformed values

SP (%) — Shelling per cent
DPY (g/plant) — Dry pod yield (g/plant)




4.1.3 Genetic variability for disease resistance (Rust and LLS) traits of RILs
population

4.1.3.1 Analysis of variance (ANOVA)

Two seasons data of RILs population grown at UAS, Dharwad and the pooled
analysis were carried out and ANOVA for rust and LLS at different stages of crop growth are
presented in Table 8.

Recombinant inbred lines of the mapping population differed significantly for rust and
LLS at 70, 80 and 90 DAS both during summer and kharif season. Whereas, RILs differed
significantly for LLS at all stages but it differed non-significantly for rust across season. These
genotypes had non-significant interact with in environment for rust at all stages and for LLS at
70 DAS but shows significant G x E interaction for LLS at 80 and 90 DAS. Whereas, season
had showed significant effect on both the traits at all the stages studied.

4.1.3.2 Mean, range and components of variation

The nature and magnitude of variation for individual trait was assessed by phenotypic
coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability and genetic
advance as per cent mean (GAM) and are explained below along with their mean and range
(Table 9).

For rust, low GCV (4.31, 5.61 and 8.66) (8.38 and 9.09) (6.26 and 7.60) was
observed during summer, kharif and across season at 70, 80, 90 DAS. where as moderate
GCV (19.95 and 15.10) was observed at 90 DAS in kharif and across season. Moderate PCV
(10.19, 11.14 and 16.39) (11.12 and 13.71) (10.17, 10.57 and 18.14) was recorded in each
season and across season at 70, 80, 90 DAS and high PCV (23.23) was recorded at 90
DAS in kharif. However, moderate heritability (23.41, 25.37 and 27.95) (56.79 and 44.03)
(59.02 and 51.72) was recorded in each season and across seasons but high heritability
(73.81 and 69.33) was observed at 90DAS in kharif and across seasons. Genetic advance as
per cent mean was found to be low (5.11, 5.82 and 9.43) in summer at 70, 80, 90 DAS.
Where as it was moderate (13.01 and 12.43) in kharif at 70, 80 DAS and high (35.32) at 90
DAS. On the other hand high GAM (25.73 and 25.91) was recorded at 70 and 90 DAS across
seasons. There was a much variation between the seasons in terms of mean score for rust at
all the stages. Wide range (0.00 to 4.50, 0.00to4.00 and 3.00 to 6.50) at 70, 80 and 90 DAS
respectively was observed in kharif and range was comparatively less in summer (0.00 to
3.00, 0.00 to 3.50 and 0.00 to 4.00) at 70, 80 and 90 DAS respectively.

For LLS, low GCV (4.63, 8.05 and 9.95) was observed during summer at 70, 80 and
90 DAS while during kharif and across the season low GCV (8.17 and 6.86) was recorded at
70 DAS. But moderate GCV (14.73 and 23.66) (11.30 and 17.28) was observed at 80 and 90
DAS respectively. On the other hand moderate PCV (10.49, 14.17 and 18.42) (11.35, 16.78
and 25.32) (10.61, 13.55 and 20.07) was recorded in each season and across seasons at 70,
80 and 90 DAS respectively. The heritability was found to be moderate (26.81, 32.31 and
29.20) in summer but in kharif and across season it was found high (51.84, 77.11 and 87.29)
and (69.13, 69.54 and 74.13) at 70, 80 and 90 DAS respectively. Here genetic advance as
per cent mean was found to be low (6.37, 9.43 and 11.08) during summer but it was
estimated to be high (12.12 26.65 and 45.54) and (28.87, 19.42 and 30.66) in kharif and
across the seasons at all stages respectively, There was a much variation between the
seasons in terms of mean score for LLS at all the stages. Wide range (3.00 to 6.50, 3.00 to
8.50 and 3.00 to 9.00) at 70, 80 and 90 DAS respectively was observed in kharif and range
was comparatively less in summer (0.00 to 4.50, 2.00 to 6.00 and 2.00 to 6.00) at 70, 80 and
90 DAS respectively.

4.1.4 Genetic variability for intensity and duration of dormancy in RILs
population

Recombinant inbred lines of the mapping population differed significantly for intensity
and duration of dormancy during summer, kharif and across seasons. RILs have significant
interaction with environment for both the traits. Season had shown significant effect with
intensity of dormancy but it shown non-significant with duration of dormancy as presented in
Table 4 and 5.



population during kharif season

Table 6;: ANOVA for protein and oil content among RILs of TAG 24 x GPBD 4 mapping

Source of df Protein (%) Oil (%)

variation

Replication 1 1064.01 52.30

Genotypes 269 8.14** 5.77**
Error 269 1.57 1.78

* - Significant at 5% level probability

** _ Significant at 1% level probability

Table 7: Component of variation for protein and oil content among RILs of TAG 24 x
GPBD 4 mapping population during kharif season

Parameters Protein (%) Qil (%)
Mean 28.24 47.21
Range 22.10 - 36.95 42.87 —51.67

GCV (%) 6.41 2.99
PCV (%) 7.80 4.11

h2 (broad Sense) 67.0 52.0
GAM 11.87 5.11




Table 8: ANOVA for disease component traits among RILs of TAG 24 x GPBD 4 mapping population

. Rust LLS
Sources of variation Location/ df
season
70 DAS 80 DAS 90 DAS 70 DAS 80 DAS 90 DAS
Summer 0.09 0.02 3.11 2.14 8.31 30.34
Replication Kharif 1 0.74 0.18 5.60 0.41 22.81 3.75
Pooled 0.415 0.1074 4.35 1.27 15.56 17.04
Summer 1.56** 1.50** 0.25** 0.46** 0.81** 1.00**
Genotype Kharif 269 0.24** 0.26** 0.74** 1.23** 3.45** 4.70%*
Pooled 0.95 1.04 0.65 1.19* 2.99** 3.94**
Season Pooled 1 745.00%* 472.03** 413.17** 455.00%* 853.33* 1322.24**
G x E interaction Pooled 1 0.85 0.71 0.34 0.49 1.27* 1.75**
Summer 0.20 0.12 0.19 0.31 0.58 0.70
269
Error Kharif 0.10 0.12 0.41 0.28 0.90 0.59
Pooled 538 0.15 0.12 0.30 0.29 0.74 0.65

* - Significant at 5% level probability ** _ Significant at 1% level probability



Table 9: Mean, range and estimates of genotypic and phenotypic coefficient of variability, heritability and genetic advance in RILS population over

two seasons (summer and kharif)

Sources of Location/ Rust LLS
variation season 70 DAS 80 DAS 90 DAS 70 DAS 80 DAS 90 DAS
Summer 1.47 1.85 3.2 3.38 3.88 3.84
Mean Kharif 3.13 3.18 4.44 4.68 5.66 6.05
Pooled 2.30 3.83 4.77 2.52 4.03 4.95
Summer 0.00-3.00 0.00-3.50 0.00-4.00 0.00-4.50 2.00-6.00 2.00-6.00
Range Kharif 0..00-4.50 0.00-4.00 3.00-6.50 3.00-6.50 3.00-8.50 3.00-9.00
Pooled 0.00-3.50 1.50-5.00 2.50-7.00 0.00-3.50 1.50-5.25 2.50-7.00
Summer 4.31 5.61 8.66 4.63 8.05 9.95
GCV (%) Kharif 8.38 9.09 19.95 8.17 14.73 23.66
Pooled 6.26 7.60 15.10 6.86 11.30 17.28
Summer 10.19 11.14 16.39 10.49 14.17 18.42
PCV (%) Kharif 11.12 13.71 23.23 11.35 16.78 25.32
Pooled 10.17 10.57 18.14 10.61 13.55 20.07
Summer 23.41 25.37 27.95 26.81 32.31 29.20
h2 (%) (broad ,
Sense) Kharif 56.79 44.03 73.81 51.84 77.11 87.29
Pooled 59.02 51.72 69.33 69.13 69.54 74.13
Summer 5.11 5.82 9.43 6.37 9.43 11.08
GAM Kharif 13.01 12.43 35.32 12.12 26.65 45.54
Pooled 25.73 11.27 25.91 28.87 19.42 30.66

DAS — Days after sowing




For intensity of dormancy high GCV (111.09, 164.80 and 118.89) and PCV (112.20,
165.10 and 122.76) was observed in each season and across the seasons. Genetic advance
as per cent mean (31.42 and 33.62) was estimated to be high in kharif and across the
seasons, whereas, it was moderate (29.12) in summer. High heritability (75.00, 80.00 and
93.00) was recorded in both seasons and across the seasons. There was a much variation
between the seasons in terms of mean intensity of dormancy. The mean intensity of
dormancy was 11.55 in kharif, 16.80 in summer and14.18 across the seasons. Wide range of
intensity of dormancy (0.00 to 90.05) was observed in summer and range was moderate in
kharif (0.00 to 76.75).

High GCV (76.6 and 80.50) and PCV (77.50 and 80.68) were estimated for duration
of dormancy in each season, whereas, across the seasons both GCV (73.8) and PCV (71.28)
were also high. High heritability (76.00 and 78.00) was recorded for duration of dormancy in
each season. However, across the seasons (95.00), it was high. The GAM (9.78, 7.88 and
7.63) was high from evaluation in summer, kharif season and across the two seasons. Mean
duration of dormancy was high (6.18 days) in summer season compared to kharif (6.08 days).
Wide range (2.84 to 38.20) for this trait was observed in summer season, compared for kharif
season (3.43 to 37.84 days).

4.2 Dormancy analysis of RILs population
4.2.1 Dormancy of RILs population during summer 2010

In summer, 268 RILs were evaluated for dormancy along with their parents. The
results were shown in the Table 10

Analysis of variance with respect to germination percentage of different RILs showed
significant differences at all the intervals for germination test starting from seven days after
harvest upto 28 days after harvest.

Out of 268 RILS which were put for germination test only 52 lines (5, 11, 23, 40, 46,
48, 72, 79, 80, 84, 89, 90, 91, 98, 103, 104, 106, 110, 111, 114, 127, 130, 135, 158, 160, 165,
172, 176, 183, 195, 196, 202, 209, 213, 214, 216, 217, 220, 222, 230, 242, 245, 247, 248,
254, 255, 257, 259, 265, 266 and 267) recorded 70 and less than 70 per cent germination.
Among these lines identified only 16 lines (5, 40, 79, 84, 89, 91, 104, 160, 165, 183, 209, 213,
247, 259, 265 and 267) (Fig. 3), 6 lines (40, 84, 183, 209, 213 and 259) and 5 lines (40, 84,
209, 213 and 259) showed 70 and less than 70 per cent germination at 14, 21 and 28 days
after harvest, respectively.

The RILs which exhibited 70 and less than 70 per cent germination at 7 days after
harvest. Among them the RILs No. 79, 80, 91, 110, 160, 172, 195, 248 and 254 line recorded
less than 35 per cent of germination but at 14 days these RIL lines attained more than 70 per
cent germination level and later at 21 days after harvest recorded 100 per cent germination.

Whereas, RILs No. 89 and 165 which recorded less than 5 per cent germination at 7
days after harvest attained 50 per cent germination at 14 days after harvest.

On the other hand the RILs No. 213 and 259 which recorded less than 30 per cent of
germination at 7 days after harvest took at least 21 days for attaining 50 per cent of
germination level (Fig. 3).

In this season the RILs No. 84, 209, 165 and 89 recorded very low germination
percentage (i.e., < 10%) at seventh days after harvest. Among these lines the RIL No. 84 and
209 required 28 days each for attaining 50 and 60 per cent germination level, respectively

(Fig. 3).
4.2.2 Dormancy of RILs population during kharif 2010

In kharif, 268 RILs were evaluated for dormancy along with their parents. The results
were shown in the Table 10

Analysis of variance with respect to germination percentage of different RILs showed
significant differences at all the intervals for germination test. Starting from seven days after
harvest upto 28 days after harvest.



Table 10: Germination percentage mean of groundnut RILs at weekly intervals after harvest
during summer and Kharif seasons

Days after harvest during summer

Days after harvest during kharif

Lines
7 14 21 28 7 14 21 28
TAG-24 90 100 100 100 100 100 100 100
(71.60) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
GPBD-4 50 85 100 100 85 85 85 100
(45.02) | (67.25 | (90.05) | (90.05) | (67.25) | (67.25) | (67.25) | (90.05)
1 100 100 100 100 100 100 100 100
(90.05) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
2 95 100 100 100 100 100 100 100
(77.12) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
3 80 90 95 100 100 100 100 100
(63.47) | (71.60 | (77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
4 100 100 100 100 100 100 100 100
(90.05) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
5 50 65 80 100 30 35 45 60
(45.02) | (53.76 | (63.47) | (90.05) | (33.23) | (36.29) | (42.15) | (50.79)
6 100 100 100 100 90 100 100 100
(90.05) | (90.05 | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)
7 90 100 100 100 100 100 100 100
(71.60) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
8 100 100 100 100 100 100 100 100
(90.05) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
9 85 95 100 100 100 100 100 100
(67.25) | (77.12 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
10 100 100 100 100 100 100 100 100
(90.05) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
11 50 75 100 100 90 100 100 100
(45.02) | (60.03 | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)
12 100 100 100 100 100 100 100 100
(90.05) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
13 100 100 100 100 100 100 100 100
(90.05) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
14 90 100 100 100 100 100 100 100
(71.60) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
15 90 100 100 100 100 100 100 100
(71.60) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
16 100 95 100 100 100 100 100 100
(90.05) | (77.12 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
17 80 100 100 100 100 100 100 100
(63.47) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
18 100 100 100 100 100 100 100 100
(90.05) | (90.05 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...



Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

19 100 90 100 100 100 100 100 100
(90.05) | (71.60 | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

20 80 100 100 100 95 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

21 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

22 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

23 60 75 90 100 100 100 100 100
(50.79) | (60.03) | (71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

24 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

25 75 90 100 100 85 85 85 100
(60.03) | (71.60) | (90.05) | (90.05) | (67.25) | (67.25) | (67.25) | (90.05)

26 100 100 100 100 90 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

27 95 100 100 100 80 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (63.47) | (90.05) | (90.05) | (90.05)

28 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

29 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

30 50 75 100 100 30 35 45 60
(45.02) | (60.03) | (90.05) | (90.05) | (33.23) | (36.29) | (42.15) | (50.79)

31 95 100 100 100 90 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

32 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

33 90 100 100 100 95 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

34 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

35 95 100 100 100 90 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

36 100 100 100 100 90 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

37 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

38 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

39 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

40 40 45 55 60 25 45 100 100
(39.25) | (42.15) | (47.89) | (50.79) | (30.02) | (42.15) | (90.05) | (90.05)

41 90 100 100 100 90 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

42 95 100 100 100 95 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

43 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

44 100 100 100 100 95 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

45 85 100 100 100 90 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

46 70 85 100 100 100 100 100 100
(56.82) | (67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

47 95 100 100 100 95 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

48 45 95 100 100 35 100 100 100
(42.15) | (77.12) | (90.05) | (90.05) | (36.29) | (90.05) | (90.05) | (90.05)

49 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

50 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

51 80 100 100 100 85 100 85 100
(63.47) | (90.05) | (90.05) | (90.05) | (67.25) | (90.05) | (67.25) | (90.05)

52 100 (200 100 100 90 100 100 100
(90.05) | 90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

53 80 (200 100 100 80 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (63.47) | (90.05) | (90.05) | (90.05)

54 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

55 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

56 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

57 100 100 100 100 90 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

58 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

59 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

60 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

61 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

62 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

63 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

64 75 100 100 100 100 100 100 100
(60.03) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

65 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

66 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

67 80 100 100 100 100 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

68 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

69 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

70 80 100 100 100 100 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

71 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

72 50 100 100 100 45 90 100 100
(45.02) | (90.05) | (90.05) | (90.05) | (42.15) | (71.60) | (90.05) | (90.05)

73 90 100 100 (200 95 100 100 100
(71.60) | (90.05) | (90.05) | 90.05) (77.12) | (90.05) | (90.05) | (90.05)

74 100 100 100 (200 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

75 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

76 95 100 100 100 35 95 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (36.29) | (77.12) | (90.05) | (90.05)

77 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

78 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

79 25 70 90 100 50 60 80 100
(30.02) | (56.82) | (71.60) | (90.05) | (45.02) | (50.79) | (63.47) | (90.05)

80 30 80 100 100 100 95 100 100
(33.23) | (63.47) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05)

81 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines
7 14 21 28 7 14 21 28
82 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
83 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
84 10 25 35 55 35 35 60 90
(18.44) | (30.02) | (36.29) | (47.89) | (36.29) | (36.29) | (50.79) | (71.60)
85 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
86 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
87 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
88 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
89 5 50 100 100 35 100 100 100
(12.93) | (45.02) | (90.05) | (90.05) | (36.29) | (90.05) | (90.05) | (90.05)
90 65 80 100 100 50 70 100 100
(53.76) | (63.47) | (90.05) | (90.05) | (45.02) | (56.82) | (90.05) | (90.05)
91 35 60 90 100 100 100 100 100
(36.29) | (50.79) | (71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
92 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
93 100 100 100 100 85 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (67.25) | (90.05) | (90.05) | (90.05)
94 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)
95 75 100 100 100 55 65 80 100
(60.03) | (90.05) | (90.05) | (90.05) | (47.89) | (53.76) | (63.47) | (90.05)
96 75 100 100 100 90 100 100 100
(60.03) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)
97 100 100 100 100 100 100 100 100)
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05
98 70 90 100 100 100 100 100 100)
(56.82) | (71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05
99 100 100 100 100 100 100 100 100)
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05
100 95 100 100 100 100 100 100 100)
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05
101 100 100 100 100 85 100 100 100)
(90.05) | (90.05) | (90.05) | (90.05) | (67.25) | (90.05) | (90.05) | (90.05)
102 85 100 100 100 95 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

103 65 85 100 100 35 35 95 100
(53.76) | (67.25) | (90.05) | (90.05) | (36.29) | (36.29) | (77.12) | (90.05)

104 45 70 100 100 90 100 100 100
(42.15) | (56.82) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

105 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

106 60 100 100 100 95 100 100 100
(50.79) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

107 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

108 80 100 100 100 100 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

109 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

110 20 75 100 100 45 50 80 100
(26.58) | (60.03) | (90.05) | (90.05) | (42.15) | (45.02) | (63.47) | (90.05)

111 50 75 100 100 100 100 100 100
(45.02) | (60.03) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

112 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

113 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

114 65 100 100 100 90 100 100 100
(53.76) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

115 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

116 95 100 100 100 95 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

117 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

118 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

119 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

120 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

121 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

122 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

123 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...



Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

124 95 100 100 100 95 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

125 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

126 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

127 60 100 100 100 90 100 100 100
(50.79) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

128 85 100 100 100 95 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

129 100 100 100 100 95 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

130 55 100 100 100 80 100 100 100
(47.89) | (90.05) | (90.05) | (90.05) | (63.47) | (90.05) | (90.05) | (90.05)

131 95 (200 100 100 100 100 100 100
(77.12) | 90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

132 100 (200 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

133 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

134 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

135 55 90 100 100 35 95 100 100
(47.89) | (71.60) | (90.05) | (90.05) | (36.29) | (77.12) | (90.05) | (90.05)

136 95 100 100 100 95 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

137 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

138 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

139 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

140 80 100 100 100 100 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

141 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

142 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

143 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

144 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

145 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

146 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

147 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

148 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

149 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

150 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

151 95) 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

152 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

153 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

154 80 100 100 100 95 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

155 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

156 85 100 100 100 90 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

157 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

158 70 100 100 100 100 100 100 100
(56.82) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

159 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

160 25 70 100 100 25 75 100 100
(30.02) | (56.82) | (90.05) | (90.05) | (30.02) | (60.03) | (90.05) | (90.05)

161 80 100 100 100 65 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (53.76) | (90.05) | (90.05) | (90.05)

162 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

163 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

164 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

165 0 50 80 100 20 25 90 100
(0.00) (45.02) | (63.47) | (90.05) | (26.58) | (30.02) | (71.60) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

166 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

167 80 100 100 100 95 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

168 95 100 100 100 90 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

169 100 100 100 100 90 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

170 75 100 100 100 95 100 100 100
(60.03) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

171 90 100 100 100 95 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

172 40 75 75 75 40 100 100 100
(39.25) | (60.03) | (60.03) | (60.03) | (39.25) | (90.05) | (90.05) | (90.05)

173 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

174 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

175 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

176 70 100 100 100 100 100 100 100
(56.82) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

177 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

178 100 100 100 100 90 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

179 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

180 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

181 90 100 100 100 90 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

182 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

183 35 40 60 90 45 45 65 100
(36.29) | (39.25) | (50.79) | (71.60) | (42.15) | (42.15) | (53.76) | (90.05)

184 100 100 100 100 90 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

185 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

186 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

187 90 100 100 100 90 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

188 80 100 100 100 65 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (53.76) | (90.05) | (90.05) | (90.05)

189 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

190 100 100 100 100 90 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

191 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

192 100 100 100 100 100 100 100) 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.0)5 | (90.05)

193 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

194 90 100 100 100 95 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

195 15 90 100 100 45 90 100 100
(22.80) | (71.60) | (90.05) | (90.05) | (42.15) | (71.60) | (90.05) | (90.05)

196 60 100 100 100 95 100 100 100
(50.79) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

197 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

198 75 100 100 100 100 100 100 100
(60.03) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

199 90 100 100 100 95 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

200 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

201 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

202 25 80 100 100 35 95 100 100
(30.02) | (63.47) | (90.05) | (90.05) | (36.29) | (77.12) | (90.05) | (90.05)

203 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

204 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

205 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

206 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

207 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

208 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

209 10 30 40 60 10 25 35 100
(18.44) | (33.23) | (39.25) | (50.79) | (18.44) | (30.02) | (36.29) | (90.05)

210 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

211 95 100 100 100 90 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

212 100 100 100 100 85 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (67.25) | (90.05) | (90.05) | (90.05)

213 30 40 55 70 10 45 55 65
(33.23) | (39.25) | (47.89) | (56.82) | (18.44) | (42.15) | (47.89) | (53.76)

214 60 100 100 100 100 100 100 100
(50.79) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

215 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

216 70 100 100 100 65 70 100 100
(56.82) | (90.05) | (90.05) | (90.05) | (53.76) | (56.82) | (90.05) | (90.05)

217 25 100 100 100 35 95 100 100
(30.02) | (90.05) | (90.05) | (90.05) | (36.29) | (77.12) | (90.05) | (90.05)

218 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

219 95 100 100 100 45 45 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (42.15) | (42.15) | (90.05) | (90.05)

220 50 85 100 100 35 45 95 100
(45.02) | (67.25) | (90.05) | (90.05) | (36.29) | (42.15) | (77.12) | (90.05)

221 100 100 100 100 100 100 80 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (63.47) | (90.05)

222 45 90 100 100 100 100 100 100
(42.15) | (71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

223 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

224 100 100 100 100 95 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

225 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

226 90 100 100 100 85 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (67.25) | (90.05) | (90.05) | (90.05)

227 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

228 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

229 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

230 70 100 100 100 85 100 100 100
(56.82) | (90.05) | (90.05) | (90.05) | (67.25) | (90.05) | (90.05) | (90.05)

231 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

232 95 100 100 100 55 80 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (47.89) | (63.47) | (90.05) | (90.05)

233 100 100 100 100 95 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

234 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

235 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

236 95 100 100 100 65 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (53.76) | (90.05) | (90.05) | (90.05)

237 80 100 100 100 45 100 100 100
(63.47) | (90.05) | (90.05) | (90.05) | (42.15) | (90.05) | (90.05) | (90.05)

238 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

239 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

240 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

241 100 100 100 100 95 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

242 60 100 100 100 50 80 100 100
(50.79) | (90.05) | (90.05) | (90.05) | (45.02) | (63.47) | (90.05) | (90.05)

243 90 100 100 100 95 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

244 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

245 60 100 100 100 70 100 100 100
(50.79) | (90.05) | (90.05) | (90.05) | (56.82) | (90.05) | (90.05) | (90.05)

246 95 100 100 100 100 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

247 35 65 100 100 30 90 100 100
(36.29) | (53.76) | (90.05) | (90.05) | (33.23) | (71.60) | (90.05) | (90.05)

248 30 75 100 100 30 35 80 100
(33.23) | (60.03) | (90.05) | (90.05) | (33.23) | (36.29) | (63.47) | (90.05)

249 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

Contd...




Days after harvest during summer

Days after harvest during kharif

Lines

7 14 21 28 7 14 21 28

250 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

251 90 100 100 100 100 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

252 85 100 100 100 100 100 100 100
(67.25) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

253 100 100 100 100 95 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

254 30 80 100 100 25 50 75 100
(33.23) | (63.47) | (90.05) | (90.05) | (30.02) | (45.02) | (60.03) | (90.05)

255 40 80 100 100 80 100 100 100
(39.25) | (63.47) | (90.05) | (90.05) | (63.47) | (90.05) | (90.05) | (90.05)

256 95 100 100 100 90 100 100 100
(77.12) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

257 65 90 100 100 10 25 75 100
(53.76) | (71.60) | (90.05) | (90.05) | (18.44) | (30.02) | (60.03) | (90.05)

258 100 100 100 100 95 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (77.12) | (90.05) | (90.05) | (90.05)

259 30 45 55 60 20 50 75 100
(33.23) | (42.15) | (47.89) | (50.79) | (26.58) | (45.02) | (60.03) | (90.05)

260 90 100 100 100 70 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (56.82) | (90.05) | (90.05) | (90.05)

261 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

262 100 100 100 100 100 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05) | (90.05)

263 90 100 100 100 80 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (63.47) | (90.05) | (90.05) | (90.05)

264 100 100 100 100 90 100 100 100
(90.05) | (90.05) | (90.05) | (90.05) | (71.60) | (90.05) | (90.05) | (90.05)

265 20 70 100 100 35 80 100 100
(26.58) | (56.82) | (90.05) | (90.05) | (36.29) | (63.47) | (90.05) | (90.05)

266 60 90 100 100 50 70 100 100
(50.79) | (71.60) | (90.05) | (90.05) | (45.02) | (56.82) | (90.05) | (90.05)

267 50 60 75 100 10 15 25 50
(45.02) | (50.79) | (60.03) | (90.05) | (18.44) | (22.80) | (30.02) | (45.02)

268 90 100 100 100 80 100 100 100
(71.60) | (90.05) | (90.05) | (90.05) | (63.47) | (90.05) | (90.05) | (90.05)

* Value in parenthesis indicates transformed value
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Out of 268 RILs which were put for germination test only 41 lines (5, 30, 40, 48, 72,
76, 79, 84, 89, 90, 95, 103, 110, 135, 160, 165, 172, 183, 188, 195, 202, 209, 213, 216, 217,
219, 220, 232, 236, 237, 242, 245, 247, 248, 254, 257, 259, 260, 265, 266 and 267) recorded
70 and less than 70 per cent germination. Among these lines identified only 22 line (5, 30, 40,
79, 84, 90, 95, 103, 110, 165, 183, 209, 213, 216, 219, 220, 248, 254, 257, 259, 266 and 267)
(Fig. 4) 7 lines (5, 30, 84, 183, 209, 213 and 267) and 4 lines (5, 30, 213 and 267) showed 70
and less than 70 per cent germination at 14, 21 and 28 days after harvest.

The RILs which exhibited 70 and less than 70 per cent germination at 7 days after
harvest. Among them the RIL No. 89, 90, 110, 135, 160, 172, 195, 202, 219, 217, 232, 237,
242, 265 and 266 recorded less than 50 per cent of germination but within 21 days after
harvest recorded 100 per cent germination.

Whereas, the RIL No. 40, 84, 103, 165, 183 and 220 recorded less than 35 per cent
of germination at 7 days after harvest showed more than 60 per cent germination at 21 days
after harvest.

On the other hand the RILs No. 209, 248, 254, 259 has shown les than 30 per cent of
germination at seven days after harvest took nearly 21 days for reaching 75 per cent of
germination level (Fig. 4).

In this season the RILs No. 209, 213, 257, 259 and 267 recorded very low
percentage (< 20%) of germination at 7 days after harvest. Among these lines the RILs No.
267 and 213 required 28 days each for attaining 50 and 65 per cent germination level,
respectively. Whereas, the RIL No. 5 and 30 recorded 30 per cent germination at seventh day
after harvest required 28 days for attaining 60 per cent germination level (Fig. 4).

4.2.3 Intensity and duration of dormancy of RILs population

In general, the intensity of dormancy and duration of dormancy was higher in Kharif
than in summer indicating seasonal difference.

The data on the intensity of dormancy on 7" day after harvest over different seasons
are presented in Table 11.

The intensity of dormancy was ranged from 0 to 100 per cent during summer and 0 to
90 per cent during Kharif season. During summer, high intensity of dormancy was recorded
by line no.165 (100%) and lowest was O per cent while during Kharif, high intensity was
noticed by line no.209, 213, 257 and 267 (90%) and least was 0O per cent.

Among parents dormant line GPBD 4 recorded 50 and 15 per cent of intensity during
summer and Kharif, while TAG 24 recorded 10 and O per cent of intensity during summer and
Kharif, respectively.

Out of 268 lines studied, 7 lines viz., RIL no. 84, 89, 110, 165, 195, 209 and 265 have
recorded more than 80 per cent dormancy during summer season (Fig. ). While, 6 lines viz.,
RIL no. 165, 209, 213, 257, 259 and 267 exhibited more than 80 per cent dormancy during
Kharif season (Fig. 5).

The RIL no. 165 and 209 have recorded more than 80 per cent dormancy both in
Kharif and summer seasons. As many as 9 lines viz., RIL no. 80, 79, 84, 89, 110, 195, 202,
217 and 265 have recorded low intensity of dormancy less than 70 per cent in Kharif but
relatively high intensity in summer season.

The RIL no. 89 have recorded 95 per cent dormancy in summer but showed relatively
low intensities during Kharif (65%). While, RIL no. 257 and 267 has registered high intensity
(90%) in Kharif but relatively low intensities during summer (30 and 25% respectively)

Among the RILs tested line no. 165, 259, 160, 172, 209, 254, 213, 247, and 248 have
high stable intensities of dormancy over seasons. While line no. 84, 89, 110, 195, 257 and
267 have registered high fluctuations in intensity of dormancy during Kharif and summer.

The days taken for 70 per cent germination by each dormant RILs has been
considered as an indicator for the duration of dormancy for that RILs. The C70 values
estimated by probit method for different RILs identified as dormant are presented in the Table
12.



Table 11: Intensity of dormancy as shown by different dormant RILs at seven days

after harvest during summer and kharif seasons

Intensity of Intensity of Intensity of
Lines dormancy Lines dormancy Lines dormancy
Summer | Kharif Summer | Kharif Summer | Kharif
TAG 24 10.00 0.00 33 10.00 5.00 67 20.00 0.00
GPBD 4 50.00 15.00 34 15.00 0.00 68 0.00 0.00
0.00 0.00 35 5.00 10.00 69 0.00 0.00
2 5.00 0.00 36 0.00 10.00 70 20.00 0.00
3 20.00 0.00 37 10.00 0.00 71 5.00 0.00
4 0.00 0.00 38 10.00 0.00 72 50.00 55.00
5 50.00 70.00 39 0.00 0.00 73 10.00 5.00
6 0.00 10.00 40 60.00 75.00 74 0.00 0.00
7 10.00 0.00 41 10.00 10.00 75 0.00 0.00
8 0.00 0.00 42 5.00 5.00 76 5.00 65.00
9 15.00 0.00 43 0.00 0.00 77 10.00 0.00
10 0.00 0.00 44 0.00 5.00 78 5.00 0.00
11 50.00 10.00 45 15.00 10.00 79 75.00 50.00
12 0.00 0.00 46 30.00 0.00 80 70.00 0.00
13 0.00 0.00 47 5.00 5.00 81 0.00 0.00
14 10.00 0.00 48 55.00 65.00 82 0.00 0.00
15 10.00 0.00 49 15.00 0.00 83 5.00 0.00
16 0.00 0.00 50 5.00 0.00 84 90.00 65.00
17 20.00 0.00 51 20.00 15.00 85 10.00 0.00
18 0.00 0.00 52 0.00 10.00 86 0.00 0.00
19 0.00 0.00 53 20.00 20.00 87 5.00 0.00
20 20.00 5.00 54 15.00 0.00 88 5.00 0.00
21 0.00 0.00 55 5.00 0.00 89 95.00 65.00
22 10.00 0.00 56 15.00 0.00 90 35.00 50.00
23 40.00 0.00 57 0.00 10.00 91 65.00 0.00
24 5.00 0.00 58 0.00 0.00 92 10.00 0.00
25 25.00 15.00 59 0.00 0.00 93 0.00 15.00
26 0.00 10.00 60 0.00 0.00 94 5.00 0.00
27 5.00 20.00 61 0.00 0.00 95 25.00 45.00
28 5.00 0.00 62 10.00 0.00 96 25.00 10.00
29 5.00 0.00 63 0.00 0.00 97 0.00 0.00
30 50.00 70.00 64 25.00 0.00 98 30.00 0.00
31 5.00 10.00 65 5.00 0.00 99 0.00 0.00
32 0.00 0.00 66 0.00 0.00 100 5.00 0.00

Contd...




Intensity of Intensity of Intensity of
Lines dormancy Lines dormancy Lines dormancy

Summer | Kharif Summer | Kharif Summer | Kharif
101 0.00 15.00 136 5.00 5.00 171 10.00 5.00
102 15.00 5.00 137 0.00 0.00 172 60.00 60.00
103 35.00 65.00 138 0.00 0.00 173 0.00 0.00
104 55.00 10.00 139 10.00 0.00 174 10.00 0.00
105 0.00 0.00 140 20.00 0.00 175 15.00 0.00
106 40.00 5.00 141 0.00 0.00 176 30.00 0.00
107 0.00 0.00 142 0.00 0.00 177 5.00 0.00
108 20.00 0.00 143 0.00 0.00 178 0.00 10.00
109 10.00 0.00 144 15.00 0.00 179 0.00 0.00
110 80.00 55.00 145 10.00 0.00 180 0.00 0.00
111 50.00 0.00 146 0.00 0.00 181 10.00 10.00
112 5.00 0.00 147 10.00 0.00 182 0.00 0.00
113 0.00 0.00 148 0.00 0.00 183 65.00 55.00
114 35.00 10.00 149 10.00 0.00 184 0.00 10.00
115 0.00 0.00 150 10.00 0.00 185 10.00 0.00
116 5.00 5.00 151 5.00 0.00 186 0.00 0.00
117 0.00 0.00 152 0.00 0.00 187 10.00 10.00
118 5.00 0.00 153 0.00 0.00 188 20.00 35.00
119 5.00 0.00 154 20.00 5.00 189 10.00 0.00
120 0.00 0.00 155 15.00 0.00 190 0.00 10.00
121 10.00 0.00 156 15.00 10.00 191 15.00 0.00
122 0.00 0.00 157 0.00 0.00 192 0.00 0.00
123 0.00 0.00 158 30.00 0.00 193 10.00 0.00
124 5.00 5.00 159 5.00 0.00 194 10.00 5.00
125 0.00 0.00 160 75.00 75.00 195 85.00 55.00
126 5.00 0.00 161 20.00 35.00 196 40.00 5.00
127 40.00 10.00 162 5.00 0.00 197 0.00 0.00
128 15.00 5.00 163 0.00 0.00 198 25.00 0.00
129 0.00 5.00 164 0.00 0.00 199 10.00 5.00
130 45.00 20.00 165 100.00 80.00 200 5.00 0.00
131 5.00 0.00 166 15.00 0.00 201 5.00 0.00
132 0.00 0.00 167 20.00 5.00 202 75.00 65.00
133 10.00 0.00 168 5.00 10.00 203 10.00 0.00
134 15.00 0.00 169 0.00 10.00 204 10.00 0.00
135 45.00 65.00 170 25.00 5.00 205 0.00 0.00

Contd...




Intensity of dormancy

Intensity of dormancy

Lines Lines
Summer Kharif Summer Kharif
206 0.00 0.00 237 20.00 55.00
207 5.00 0.00 238 0.00 0.00
208 0.00 0.00 239 0.00 0.00
209 90.00 90.00 240 0.00 0.00
210 0.00 0.00 241 0.00 5.00
211 5.00 10.00 242 40.00 50.00
212 0.00 15.00 243 10.00 5.00
213 70.00 90.00 244 5.00 0.00
214 40.00 0.00 245 40.00 30.00
215 0.00 0.00 246 5.00 0.00
216 30.00 35.00 247 65.00 70.00
217 75.00 65.00 248 70.00 70.00
218 5.00 0.00 249 0.00 0.00
219 5.00 55.00 250 15.00 0.00
220 50.00 65.00 251 10.00 0.00
221 0.00 0.00 252 15.00 0.00
222 55.00 0.00 253 0.00 5.00
223 0.00 0.00 254 70.00 75.00
224 0.00 5.00 255 60.00 20.00
225 5.00 0.00 256 5.00 10.00
226 10.00 15.00 257 35.00 90.00
227 0.00 0.00 258 0.00 5.00
228 0.00 0.00 259 70.00 80.00
229 0.00 0.00 260 10.00 30.00
230 30.00 15.00 261 0.00 0.00
231 0.00 0.00 262 0.00 0.00
232 5.00 45.00 263 10.00 20.00
233 0.00 5.00 264 0.00 10.00
234 5.00 0.00 265 80.00 65.00
235 15.00 0.00 266 40.00 50.00
236 5.00 35.00 267 50.00 90.00
268 10.00 20.00
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The parents TAG 24 recorded 4.52 values as G 70 during summer and Kharif
seasons and GPBD 4 recorded 10.29 and 5.66 days as G 70 values during summer and
Kharif respectively. Among 268 RILs population, 30 (5, 11, 23, 30, 40, 79, 80, 84, 89, 91, 104,
110, 111, 160, 165, 172, 183, 195, 202, 209, 213, 220, 222, 247, 248, 254, 255, 259, 265 and
267) lines recorded more than 10 days (Fig. 6) as G 70 values and among them 5 (40, 84,
209, 213 and 259) lines recorded high G 70 values (more than 25 days) during summer and
in Kharif 33 lines (5, 30, 40, 72, 76, 79, 84, 90, 95, 103, 110, 135, 160, 165, 183, 195, 202,
209, 213, 216, 217, 219, 220, 232, 242, 247, 248, 254, 257, 259, 265, 266 and 267) exhibited
more than 10 days (Fig. 7) as G 70 values and out of which 4 lines (5, 30, 213 and 267)
showed high G 70 values as more than 25 days.

The RILs no. 5, 30 and 267 shows more than 36 days as G 70 value during Kharif
season but during summer recorded less than 20 days as G 70 values. Whereas, RILs no. 40
and 84 recorded higher G 70 values (38.21 and 34.43 days) in summer but showed lesser G
70 (less than 25 days) values.

The RIL no. 209 exhibited 31.81 days in summer as G 70 value and the same
recorded 23.39 days in Kharif season. While, the RIL no. 213 shown 28.57 days in summer
and 27.75 days in Kharif and the RIL no. 259 recorded 33.57 and 18.061 days as G 70 value
during summer and Kharif respectively.

4.2.4 Nature of dormancy

The detailed experimental results of the study made on nature of dormancy in
dormant lines identified at 21 days after harvest is furnished in Table 16 and 17.

In case of with seed coat and without seed coat, analysis of variance indicated
significant differences between RILs for germination percentage. High germination
percentage (> 90%) are obtained for most of the lines studied.

The information regarding the germination percentage of dormancy in RILs of kernels
with and without seed coat at two different seasons has been presented in Table 13. In kharif,
the GPBD-4 a dormant genotype recorded 70 per cent germination whenever seed coats
were not removed and recorded 80 per cent germination with seed coat. On the other hand,
the highly dormant lines (RIL no 267, 209, 213, 254 and 259) recorded less than 50 per cent
germination with seed coat and less than 80 per cent germination when seed coat is
removed. Other dormant lines 84, 183 and 254 exhibited 90 per cent germination when seed
coat is removed.

During summer, dormant lines RIL no 40, 84, 209 and 213 recorded less than 50 per
cent germination percentage when with seed coat and less than 70 per cent germination
when without seed coat while, other dormant line 183 and 259 recorded 90 and 80 per cent
germination percentage when seed coat is removed (Table 14). Across seasons, the dormant
lines 84, 209, 213 and 183 showed 90 per cent germination in without seed coat.

4.2.5 Inheritance pattern of dormancy in RILs of TAG 24 x GPBD 4

The chi-square test performed on RILs population derived from cross between TAG
24 x GPBD 4 fitted in the 15:1 (non-dormant : dormant) ratio at 14 days after harvest (< 70%)
was non-significant (P=3.841) indicating that the trait is controlled by duplicate recessive gene
(Table 14a).

4.3 Frequency of desirable segregants

The mean performance and magnitude of variation may not always indicate the
potential segregants available for selection. Therefore, population was assessed for superior
segregants for different characters and presented in Table 15 to 24 and Fig. 8 to 13. For dry
pod yield, shelling percentage, SMK, kernel yield, dry pod yield per plant, rust and late leaf
spot GPBD 4 was considered as check and for hundred kernel weight and days to 50 per cent
flowering TAG 24 was considered as check and accordingly numerically superior segregants
were counted. For the lines showing < 70 per cent germination were considered as dormant
and lines having more than 13 days of duration were considered superior for that these
character.



Table 12: Duration of dormancy (days) as shown by different dormant RILs at harvest
during summer and kharif seasons

Duration of Duration of Duration of
Lines dormancy (G 70) Lines dormancy (G 70) Lines dormancy (G 70)
Summer | Kharif Summer | Kharif Summer | Kharif
TAG-24 4.52 4.52 33 4.52 3.44 67 6.30 4.52
GPBD-4 10.29 5.66 34 5.66 4.52 68 4.52 4.52
1 4.52 452 35 3.44 4.52 69 4.52 4.52
2 3.44 4,52 36 4.52 4.52 70 6.30 4.52
3 3.14 452 37 4.52 4.52 71 3.44 4.52
4 4.52 4,52 38 4.52 4.52 72 8.00 10.16
5 17.21 36.87 39 4.52 4.52 73 4.52 3.44
6 4.52 452 40 38.21 15.22 74 4.52 4.52
7 4.52 452 41 4.52 4.52 75 4.52 4.52
8 4.52 4.52 42 3.44 3.44 76 3.44 10.13
9 2.84 452 43 4.52 4.52 77 4.52 4.52
10 4.52 4.52 44 4.52 3.44 78 3.44 4.52
11 11.26 452 45 5.66 4.52 79 14.73 14.96
12 4.52 452 46 7.73 4.52 80 12.09 4.52
13 4.52 452 47 3.44 3.44 81 4.52 4.52
14 4.52 452 48 9.56 8.48 82 4.52 4.52
15 4.52 452 49 5.66 4.52 83 3.44 4.52
16 4.52 452 50 3.44 4.52 84 34.43 22.35
17 6.30 4,52 51 6.30 5.66 85 4.52 4.52
18 4.52 452 52 4.52 4.52 86 4.52 4.52
19 4.52 4,52 53 6.30 6.30 87 3.44 4.52
20 6.30 3.44 54 5.66 4.52 88 3.44 4.52
21 4.52 452 55 3.44 4.52 89 15.37 8.48
22 4.52 452 56 5.66 4.52 90 9.07 11.74
23 11.02 452 57 4.52 4.52 91 14.93 4.52
24 3.44 452 58 4.52 4.52 92 4.52 4.52
25 6.25 5.66 59 4.52 4.52 93 4.52 5.66
26 4.52 452 60 4.52 4.52 94 3.44 4.52
27 3.44 6.30 61 4.52 4.52 95 6.71 13.90
28 3.44 4,52 62 4.52 4.52 96 6.71 4.52
29 3.44 452 63 4.52 4.52 97 4.52 4.52
30 11.26 36.87 64 6.71 4.52 98 7.33 4.52
31 3.44 452 65 3.44 4.52 99 4.52 4.52
32 4.52 452 66 4.52 4.52 100 3.44 4.52

Contd...



Duration of

Duration of

Duration of

Lines dormancy (G 70) Lines dormancy (G 70) Lines dormancy (G 70)
Summer | Kharif Summer | Kharif Summer | Kharif
101 4.52 5.66 136 3.44 3.44 171 4.52 3.44
102 5.66 3.44 137 4.52 4.52 172 19.54 8.26
103 8.58 16.22 138 4.52 4.52 173 4.52 4.52
104 12.13 4.52 139 4.52 4.52 174 4.52 4.52
105 4.52 4.52 140 6.30 4.52 175 5.66 4.52
106 7.50 3.44 141 4.52 4.52 176 7.00 4.52
107 4.52 4.52 142 4.52 4.52 177 3.44 4.52
108 6.30 4.52 143 4.52 4.52 178 4.52 4.52
109 4.52 4.52 144 5.66 4.52 179 4.52 4.52
110 13.00 16.28 145 4.52 4.52 180 4.52 4.52
111 11.26 4.52 146 4.52 4.52 181 4.52 4.52
112 3.44 4.52 147 4.52 4.52 182 4.52 4.52
113 4.52 4.52 148 4.52 4.52 183 22.00 18.55
114 7.25 4.52 149 4.52 4.52 184 4.52 4.52
115 4.52 4.52 150 4.52 4.52 185 4.52 4.52
116 3.44 3.44 151 3.44 4.52 186 4.52 4.52
117 4.52 4.52 152 4.52 4.52 187 4.52 7.25
118 3.44 4.52 153 4.52 4.52 188 6.30 4.52
119 3.44 4.52 154 6.30 3.44 189 4.52 4.52
120 4.52 4.52 155 5.66 4.52 190 4.52 4.52
121 4.52 4.52 156 5.66 4.52 191 5.66 4.52
122 4.52 4.52 157 4.52 4.52 192 4.52 4.52
123 4.52 4.52 158 7.00 4.52 193 4.52 3.44
124 3.44 3.44 159 3.44 4.52 194 4.52 3.44
125 4.52 4.52 160 13.24 12.80 195 11.71 10.16
126 3.44 4.52 161 6.30 7.25 196 7.50 3.44
127 7.50 4.52 162 3.44 4.52 197 4.52 4.52
128 5.66 3.44 163 4.52 4.52 198 6.71 4.52
129 4.52 3.44 164 4.52 4.52 199 4.52 3.44
130 7.75 6.30 165 18.12 17.98 200 3.44 4.52
131 3.44 4.52 166 5.66 4.52 201 3.44 4.52
132 4.52 4.52 167 6.30 3.44 202 12.33 10.13
133 4.52 4.52 168 3.44 4.52 203 4.52 4.52
134 5.66 4.52 169 4.52 4.52 204 4.52 4.52
135 9.34 10.13 170 6.71 3.44 205 4.52 4.52

Contd...




Duration of dormancy

Duration of dormancy

Lines (G 70) Lines (G 70
Summer Kharif Summer Kharif
206 4.52 4.52 237 6.30 8.27
207 3.44 4.52 238 4.52 4.52
208 4.52 4.52 239 4.52 4.52
209 31.81 23.39 240 4.52 4.52
210 4.52 4.52 241 4.52 3.44
211 4.52 4.52 242 7.50 10.78
212 4.52 5.66 243 4.52 3.44
213 28.57 27.75 244 3.44 4.52
214 7.50 4.52 245 7.50 7.00
215 4.52 4.52 246 3.44 4.52
216 7.00 10.10 247 13.19 11.03
217 8.96 10.13 248 12.57 18.15
218 3.44 4.52 249 452 4.52
219 3.44 16.70 250 5.66 4.52
220 10.29 15.48 251 4.52 4.52
221 4.52 4.52 252 5.66 4.52
222 10.29 4.52 253 4.52 3.44
223 4.52 4.52 254 12.09 17.88
224 4.52 3.44 255 11.53 6.30
225 3.44 4.52 256 3.44 4.52
226 4.52 5.66 257 8.15 19.74
227 4.52 4.52 258 4.52 3.44
228 4.52 4.52 259 33.57 18.07
229 4.52 4.52 260 4.52 7.00
230 7.00 5.66 261 4.52 4.52
231 4.52 4.52 262 4.52 4.52
232 3.44 10.31 263 4.52 6.30
233 4.52 3.44 264 4.52 4.52
234 3.44 4.52 265 13.44 11.83
235 5.66 4.52 266 8.81 11.74
236 3.44 7.25 267 17.21 37.85
268 4.52 6.30
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2010




Table 13: Nature of dormancy in dormant lines at 21 days after harvest during Kharif

Genotypes With seed coat Without seed coat
TAG 24 100 (90.05) 100 (90.05)
GPBD 4 80 (63.47) 70(56.82)

5 50 (45.02) 70 (56.82)
259 70 (56.82) 100 (90.05)
209 40 (39.25) 80 (63.47)
213 50 (45.02) 90 (71.60)
254 70 (90.05) 100 (90.05)
267 30 (33.25) 70 (90.05)
84 60 (50.79) 90 (71.60)
183 60 (50.79) 90 (71.60)
254 70 (90.05) 100 (90.05)

SEm+ 0.61 1.05
CD at 5% 2.73 4.70

*value in parenthesis indicates transformed value

Table 14: Nature of dormancy in dormant lines at 21 days after harvest during summer

Genotypes With seed coat Without seed coat
TAG 24 100 (90.05) 100 (90.05)
GPBD 4 90 (71.60) 80 (63.47)

40 50 (45.02) 70 (56.82)

84 40 (39.25) 70 (56.82)

183 60 (50.79) 90 (71.60)

209 40 (39.25) 60 (50.79)

213 50 (45.02) 70 (56.82)

259 60 (50.79) 80 (63.47)
SEm+ 0.71 0.78
CD at 5% 3.54 3.86

* Value in parenthesis indicates transformed value




In the population during kharif, high frequency of segregants were recovered for
shelling per cent (48.88%) followed by hundred kernel weight (25.37%) and for dormancy it
was 12.68 and that for duration of dormancy it was 7.09. Comparatively less (4.10%)
segregants were obtained for dry pod yield in the population (Table 15). When dry pod yield
and dormancy considered together, the frequency of segregants was very less (0.74%) and
the trend was similar as that for considering dry pod yield, dormancy and shelling per cent
together (0.37%).

During summer, high frequency of segregants was recovered for dry pod yield per
plant (85.82%) followed by kernel yield (66.79%) and SMK (39.55%). For dormancy it was
10.82 per cent and that for duration of dormancy it was 5.60 per cent. Comparatively less
(4.10%) segregants were obtained for dry pod yield per plant followed by hundred kernel
weight (4.80%) and shelling per cent (5.60%) in the population. When dry pod yield and
dormancy considered together, the frequency of segregants was very less (0.37%) and there
is no segregants obtained when considering dry pod yield, dormancy and shelling per cent
together (Table 15).

Taking dormancy (14 DAS) in consideration totally 16 lines during summer (Table 16
and Fig. 8) and 22 lines during kharif (Table 18 and Fig. 9) were selected. These lines were
selected for dormancy based on the lines showing less 70 per cent germination were
considered as dormant indicating the usefulness of dormant genotypes in yielding segregants
combining dry pod yield per plant. When these lines were assessed for combination of
characters, there were some lines which were having one or more desirable characters along
with dormancy (Table 17 and 19).

Out of 16 dormant lines selected during summer, as many as 13 lines were found
superior for dry pod yield per plant, seven lines for SMK, seven lines for kernel yield per plant
and none of the lines were found superior for hundred kernel weight, dry pod yield (kg/ha) and
shelling per cent. The RIL no. 183 showed less than 40 per cent germination recorded higher
yield (g/plant) than GPBD 4 and recorded moderate intensity (65.00%) and duration of
dormancy (22 days) (Table 17) and the RIL no. 247 and 104 recorded higher yield and high
SMK, kernel yield but moderately dormant having 70 per cent germination. The RIL no 84,
209 and 40 recorded less than 50 per cent germination and high intensity and duration (> 30
days) of dormancy but recorded moderately high yield (g/plant) than GPBD 4 (Table 17 and
Fig. 8).

Among 22 lines selected during kharif, as many as 8 lines (RIL no. 165, 30, 40, 213,
219, 220, 110 and 90) showed superior for hundred kernel weight, 5 lines (RIL no. 90, 110,
219, 248 and 84) for shelling per cent and two lines (RIL no 248 and 110) showed superior for
dry pod yield and kernel yield per plant. However the RIL no.248 and 110 (Table 19 and Fig.
9) which has dormant having 50 per cent germination exhibited higher dry pod yield per plant
(> 27.0 g) and dry pod yield of more than 2700 kg/ha which is having lesser than GPBD 4 but
recorded moderate intensity (70%) and duration (15 — 18 days) of dormancy. The highly
dormant line (RIL no. 267 with 15% germination) recorded 100 per cent SMK with higher dry
pod yield per plant (20.40 g) and high intensity (90%) and duration (37.84 days) of dormancy
(Table 19). The RIL no 5 and 30 also recorded high intensity and duration (36 days) of
dormancy but less dry pod weight.

At 21 days after harvest seven and six dormant superior lines were selected during
kharif (Table 22 and Fig. 11) and summer (Table 21 and Fig. 10) respectively and RIL no 84,
213, 209 and 183 were found superior lines in both seasons. At 28 days after harvest four
and five superior dormant lines were identified during kharif (Table 24 and Fig. 13) and
summer (Table 23 and Fig. 12) respectively and of which, RIL no 213 was found superior line
in both seasons with more than 70 per cent intensity and more than 25 days of dormancy with
moderate dry pod weight per plant.

4.4 Frequency distribution, mean and range

The frequency distribution among the RILs in comparison with parents is given in the
figures (Fig. 14 to 26). X-axis represents traits which are divided into equal class intervals and
Y-axis represents the genotype frequencies and range of traits.



Table 14a: Inheritance pattern of dormancy in RILs of TAG24 x GPBD4 at 14 days

x%value
RILs Summer 2009-10 Kharif 2010
Calculated | Table
Observed 12.00 18.00
Dormant 1.435
Expected 16.75 16.75
3.841
Observed 256.00 250.00
Non-Dormant 0.009
Expected 251.25 251.25
Total Observed 268.00 268.00

Duplicate recessive gene for dormancy

Table 15: Frequency of desirable segregants for various parameters in the population

percent

Characters Kharif Summer
DFF 268 (100.0) 74 (27.61)
SMK 129 (48.13) 106 (39.55)
LLS@70 0 (0) 40 (14.92)
Rust@70 0 (0) 63 (23.50)
LLS@80 0(0) 0(0)
Rust@80 0 (0) 0(0)
LLS@90 0(0) 0(0)
Rust@90 0 (0) 0(0)
Kernal Yield (KY) 6 (2.24) 179 (66.79)
Shelling percent (SP) 131 (48.88) 15 (5.60)
Hundred kernal weight (HKW) 68 (25.37) 13 (4.80)
Dry pod yield per plant 28 (10.44) 230 (85.82)
Dormancy 34 (12.68) 29 (10.82)
Duration of dormancy (DFG) 19 (7.09) 15 (5.60)
Dry pod yield (DPY) 11 (4.10) 11 (4.10)
Dry pod yield + Dormancy 2(0.74) 1(0.37)
Dry pod yield + Dormancy + Shelling 1(0.37) 0(0)

Parenthesis value indicates percentage




Table 16: List of superior lines selected for further evaluation based on dormancy during summer (14 DAH)

RiLs No. | CEAon | pp | RS LS | sp g | Hawie)| S | 0| geeY | ey of | Duraton o
84 25.00 37.00 4.00 3.00 70.50 43.50 93.65 9.51 13.49 75 34.432
209 30.00 36.50 4.00 3.00 58.00 36.00 87.13 7.58 13.04 70 31.812
183 40.00 38.50 4.50 4.00 48.75 33.50 85.41 10.95 22.50 60 22.00
213 40.00 37.00 4.00 4.00 59.25 37.00 87.20 8.26 14.01 60 28.565
40 45.00 36.00 4.50 5.00 59.75 36.50 92.72 8.69 1451 55 38.206
259 45.00 39.50 4.00 3.00 62.25 38.50 82.24 8.66 13.95 55 33.572
89 50.00 37.00 3.50 3.50 67.25 39.50 88.25 10.39 15.35 50 15.373
165 50.00 37.00 5.50 3.50 70.00 38.50 97.57 8.40 12.00 50 18.121
91 60.00 36.50 4.50 4.00 60.25 40.00 79.58 8.87 14.71 40 14.933
247 65.00 39.50 4.50 4.00 69.00 36.00 94.74 13.34 19.33 35 13.193
79 70.00 38.50 4.00 4.00 67.75 34.00 79.87 8.68 12.78 30 14.731
104 70.00 37.00 3.50 3.50 70.50 43.00 92.13 13.77 19.56 30 12.125
160 70.00 37.50 4.50 5.00 72.00 41.50 89.47 10.43 14.48 30 134
265 70.00 36.50 4.50 4.50 71.75 37.50 94.75 8.32 11.53 30 13.441

5 65 36.50 3.50 4.50 65.50 42.50 80.57 8.71 14.01 35 17.219
267 60 37.50 4.50 3.00 50.50 36.50 76.74 9.71 19.23 40 17.219
TAG24 100 39.00 6.00 7.50 72.00 48.00 90.96 6.99 9.71 0 4.52
GPBD4 85 38.00 2.00 2.00 75.00 42.50 85.34 9.02 12.05 15 10.29
CD at5% 7.822 5.378 2.721 2.313 13.359 10.134 25.029 3.997 4.691 7.823 0.618
SEm+ 1.861 1.274 0.644 0.548 3.166 2.401 5.931 0.947 1111 1.861 0.147
Note : df — Degrees of freedom DFF — Days to Fifty per cent flowering SP (%) — Shelling per cent SMK (%) — Sound mature

kernel

HKW (g) — Hundred kernel weight (g)  KY (g/plant) — Kernel yield (g/plant) DPY (g/plant) — Dry pod yield (g/plant) LLS — Late leaf spot



Table 17: Superior RILs identified for intensity, duration of dormancy, yield and yield components during summer (14 DAH)

Intensity Duration KY DPY
RILs No. | Dormancy of of RILs No. DFF RILs No. | SMK (%) | RILs No. RILs No.
(g/plant) (g/plant)
dormancy | dormancy
84* 25 90 34.432 40 36 165+ 97.57 104* 13.77 183 225
209+ 30 90 31.812 209+ 36.5 265+ 94.75 247% 13.34 104+ 19.56
183* 40 65 22 91* 36.5 247* 94.74 183* 10.95 247* 19.33
213+ 40 70 28.565 265 36.5 84* 93.65 160* 10.43 267+ 19.23
40* 45 60 38.206 5 36.5 40 92.72 89* 10.39 89* 15.35
259* 45 70 33.572 84* 37 104* 92.13 267 9.71 91* 14.71
89* 50 95 15.373 213+ 37 84* 9.51 40 14.51
165+ 50 100 18.121 89* 37 160* 14.48
o1* 60 65 14.933 165+ 37 213+ 14.01
247% 65 65 13.193 104* 37 5* 14.01
79* 70 75 14.731 160* 375 259+ 13.95
104* 70 55 12.125 267+ 375 84 13.49
160* 70 75 13.4 209* 13.04
265* 70 80 13.441 79 12.78
- 65 50 17.219
267+ 60 50 17.219
TAG24 100 10 4.52 TAG24 39.00 TAG24 90.96 TAG24 6.99 TAG24 9.71
GPBD4 85 50 10.29 GPBD4 38.00 GPBD4 85.34 GPBD4 9.02 GPBD4 12.05

* indicates superior for more than one character
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Table 18: List of superior lines selected for further evaluation based on dormancy during kharif (14 DAH)

R Intensit Duration
RILs No. Ge:}"‘({;‘;"“o DFF 5@”53 é‘-;o SP (%) H(KW SMK= | KY(g/ | DPY (gf of of oil Protein
9 (%) plant) plant) dormancy | dormancy
267 15 30.50 4.00 8.50 73.00 38.00 100.00 14.94 20.40 85 37.846 48.49 30.30
165 25 30.00 8.00 5.50 63.00 47.00 91.42 16.21 25.65 75 17.978 46.37 29.50
209 25 30.00 6.50 4.50 72.00 41.00 100.00 17.12 23.85 75 23.394 47.52 26.73
257 25 30.50 7.50 4.00 71.00 43.00 95.35 15.30 21.54 75 19.735 46.74 28.07
5 35 31.00 6.00 5.50 67.00 42.00 89.32 10.63 15.68 65 36.866 48.85 27.15
30 35 30.50 4.50 7.50 69.00 49.00 88.60 13.40 19.45 65 36.866 51.22 34.93
84 35 30.50 6.00 7.00 78.00 43.00 93.48 16.72 21.36 65 22.349 47.38 29.86
103 35 30.50 4.50 8.00 69.00 45.00 100.00 11.93 17.37 65 16.218 48.60 28.75
248 35 30.00 6.50 7.50 81.00 39.00 100.00 22.41 27.711 65 18.417 47.61 28.79
40 45 30.00 6.50 7.50 75.00 49.00 100.00 12.82 17.10 65 15.224 49.17 27.42
183 45 31.00 6.00 7.50 70.00 42.00 96.39 17.12 24.40 55 18.552 48.00 28.34
213 45 30.00 5.50 7.50 76.00 49.00 97.22 17.21 22.65 55 27.748 45.37 26.67
219 45 29.50 4.00 5.00 82.00 50.00 94.06 20.43 24.83 55 16.704 45.28 29.44
220 45 31.00 6.50 4.00 76.00 51.00 100.00 16.96 22.33 55 15.488 47.64 28.31
110 50 30.00 4.00 6.00 77.00 47.00 100.00 21.60 28.10 50 16.247 46.60 29.43
254 50 31.00 4.00 4.50 56.00 43.00 100.00 11.33 20.43 50 17.882 48.45 28.91
259 50 30.00 7.50 4.50 67.00 40.00 100.00 15.14 22.61 50 18.068 49.19 31.61
79 60 30.50 4.50 7.50 67.00 44.00 74.78 10.53 15.78 40 14.957 47.93 30.67
95 65 31.00 4.50 8.00 68.00 45.00 94.62 14.05 20.75 35 13.895 46.81 28.28
90 70 30.00 8.00 5.00 80.00 46.00 100.00 16.47 20.55 30 11.736 46.92 28.50
216 70 30.00 5.00 8.00 74.00 45.00 100.00 16.32 22.00 30 10.099 49.51 30.92
266 70 30.50 4.50 8.50 65.00 36.00 89.02 13.19 20.40 30 11.736 44.63 27.37
TAG24 100 30.00 7.00 9.00 73.50 46.00 97.25 14.29 19.45 0 4.52 45.38 25.60
GPBD4 85 30.00 3.00 3.00 77.00 42.00 91.88 21.14 27.46 15 5.66 48.25 31.40
o 10.734 1168 | 2225 | 1592 | 20.460 | 12.881 | 20.360 | 5.571 4.450 10.381 0.514 5.357 9.154
SE m#+ 2.600 0.282 0.545 0.384 4.945 3.113 4.21 1.346 1.075 2.059 0.124 0.957 1.636
Note : df — Degrees of freedom DFF — Days to Fifty per cent flowering SP (%) — Shelling per cent SMK (%) — Sound mature

kernel

HKW(g) — Hundred kernel weight (g)

KY (g/plant) — Kernel yield (g/plant) DPY (g/plant) — Dry pod yield (g/plant)

LLS — Late leaf spot




Table 19: Superior RILs identified for intensity, duration of

dormancy, yield, yield components and nutritional quality during kharif

(14 DAH)
RILS | 0 ancy '”te(;‘fs'ty D”r;f'on RILs | g | RILs | SP | RILs | HKW | RILs | SMK | RILs KY RILs DPY RILs oi RILS | b orein
No. dormancy | dormancy No. No. (%) No. (9) No. (%) No. (g/plant) No. (g/plant) No. No.
267* 15 90 37.846 219* | 29.5| 219* 82 220* 51 267* 100 248* 22.41 110* 28.1 30 51.22 30 34.93
165* 25 80 17.978 165* 30 248* 81 219* 50 209* 100 110* 21.6 248* 27.71 216* | 49.51 | 259* 31.61
209* 25 90 23.394 209* 30 90 80 30 49 103* 100 259* | 49.19
257 25 90 19.735 248* 30 84+ 78 40* 49 248* 100 40* 49.17
5* 35 70 36.866 40* 30 110* 77 213* 49 40* 100 5* 48.85
30 35 70 36.866 213* 30 165* 47 220* 100 103* 48.6
84* 35 55 22.349 110* 30 110* 47 110* 100 267* | 48.49
103* 35 65 16.218 259* 30 90* 46 254* 100 254* | 48.45
248* 35 70 18.417 90* 30 259* 100
40* 45 75 15.224 216* 30 90* 100
183 45 55 18.552 216* 100
213* 45 90 27.748 213* | 97.22
219* 45 55 16.704
220* 45 65 15.488
110* 50 55 16.247
254* 50 75 17.882
259* 50 80 18.068
79 60 50 14.957
95 65 45 13.895
90* 70 50 11.736
216* 70 35 10.099
266 70 50 11.736
TAG24 100 0 4.52 TAG24 | 30 | TAG24 | 735 | TAG24 | 46 | TAG24 | 97.25 | TAG24 | 14.29 | TAG24 | 19.45 | TAG24 | 4538 | TAG24 | 25.60
GPBD4 85 15 5.66 GPBD4 | 30 | GPBD4 | 77 | GPBD4 | 42 | GPBD4 | 91.88 | GPBD4 | 21.14 | GPBD4 | 27.46 | GPBD4 | 48.25 | GPBD4 | 31.40

* indicates superior for more than one character
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Table 20: List of superior RILs identified in mapping population at both seasons (14 DAH)

Ris No. | SO | ore | B0 g SPe0 MW@ | G| ik any | dormancy | dermaney
5 50.00 33.75 4.75 5.00 66.25 42.25 84.95 9.67 14.85 50.00 27.04
40 45.00 33.00 5.50 6.25 67.38 42.75 96.36 10.76 15.81 60.00 26.72
84 30.00 33.75 5.00 5.00 74.25 43.25 93.57 13.12 17.43 70.00 28.39
165 37.50 33.50 6.75 4.50 66.50 42.75 94.50 12.31 18.83 62.50 18.05
183 42.50 34.75 5.25 5.75 59.38 37.75 90.90 14.04 23.45 57.50 20.28
209 27.50 33.25 5.25 3.75 65.00 38.50 93.57 12.35 18.45 72.50 27.60
213 42.50 33.50 4.75 5.75 67.63 43.00 92.21 12.74 18.33 57.50 28.16
259 47.50 34.75 5.75 3.75 64.63 39.25 91.12 11.90 18.28 52.50 25.82
267 37.50 34.00 4.25 5.75 61.75 37.25 88.37 12.33 19.82 62.50 27.53
TAG24 100.00 34.50 6.50 8.25 72.75 47.00 94.11 10.64 14.58 0.00 4.52
GPBD4 85.00 34.00 2.50 2.50 76.00 42.25 88.61 15.08 19.76 15.00 7.98
SEm+ 3.386 0.626 0.504 0.337 2.405 2.194 2.886 0.743 0.706 5.253 0.130
CD at 5% 14.909 2.790 2.248 1.502 10.720 9.779 12.863 3.314 3.149 23.125 0.574
Note : df — Degrees of freedom DFF — Days to Fifty per cent flowering SP (%) — Shelling per cent SMK (%) — Sound

mature kernel
HKW (g) — Hundred kernel weight (g)  KY (g/plant) — Kernel yield (g/plant) DPY (g/plant) — Dry pod yield (g/plant) LLS — Late leaf
spot




Table 21: List of superior lines selected for further evaluation based on dormancy during summer (21 DAH)

Re | Comion orr | Bt | US| spon | maw | swkoo | (i (PRY ety of | Duaton of
84 35* 37.00 4.00 3.00 70.50 43.50 93.65* 9.51* 13.49* 65* 34.43*
209 40* 36.50 4.00 3.00 58.00 36.00 87.13 7.58 13.04* 60* 31.81*
40 55* 36.00 4.50 5.00 59.75 36.50 92.72* 8.69 14.51* 45* 38.21*
213 55* 37.00 4.00 4.00 59.25 37.00 87.20 8.26 14.01* 45* 28.57*
259 55* 39.50* | 4.00 3.00 62.25 38.50 82.24 8.66 13.95*% 45* 33.57*
183 60* 38.50 4.50 4.00 48.75 33.50 85.41 10.95* 22.50* 40* 22.00*

TAG24 100 39.00 6.00 7.50 72.00 48.00 90.96 6.99 9.71 0 4.52
GPBD4 100 38.00 2.00 2.00 75.00 42.50 85.34 9.02 12.05 0 10.29
CD at 5% 9.515 6.444 | 3.096 2.662 16.969 | 14.156 21.386 3.177 4.326 2.063 0.782

SE m+ 2.063 1.362 | 0.645 0.582 3.588 2.993 4.522 0.671 0.914 2.063 0.169
Note : df — Degrees of freedom DFF — Days to Fifty per cent flowering SP (%) — Shelling per cent SMK (%) — Sound

mature kernel
HKW (g) — Hundred kernel weight ()

spot

* - Indicates superior over parents

KY (g/plant) — Kernel yield (g/plant)

DPY (g/plant) — Dry pod yield (g/plant) LLS — Late leaf
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Table 22: List of superior lines selected for further evaluation based on dormancy during kharif (21 DAH)

RILs

Germination

Rust

LLS

SP

HKW

SMK

KY

DPY

Intensity of

Duration of

No. (%) DFF @90 | @90 (%) (9) (%) (g/plant) | (g/plant) | dormancy | dormancy oil Protein
267 25* 30.50* | 4.00 | 8.50 | 73.00 | 38.00 | 100.00* 14.94 20.40 75* 37.85* 48.49* | 30.30
209 35* 30.00 | 650 | 4.50 | 72.00 | 41.00 | 100.00* 17.12 23.85 65* 23.39* 4752 | 26.73
5 45* 31.00* | 6.00 | 5.50 | 67.00 | 42.00 89.32 10.63 15.68 55* 36.87* 48.85* | 27.15
30 45* 30.50* | 450 | 7.50 | 69.00 | 49.00* | 88.60 13.40 19.45 55* 36.87* 51.22* | 34.93*
213 55* 30.00 | 550 | 7.50 | 76.00 | 49.00* | 97.22* 17.21 22.65 45* 27.75* 45.37 | 26.67
84 60* 30.50 | 6.00 | 7.00 | 78.00* | 43.00 93.48 16.72 21.36 40* 22.35* 47.38 | 29.86
183 65* 31.00* | 6.00 | 7.50 | 70.00 | 42.00 96.39 17.12 24.40 35* 18.552* 48.00 | 28.34
TAG24 100 30.00 | 7.00 | 9.00 | 73.50 | 46.00 97.25 14.29 19.45 0 4.52 45.38 | 25.60
GPBD4 85 30.00 | 3.00 | 3.00 | 77.00 | 42.00 91.88 21.14 27.46 15 5.66 48.25 | 31.40
Cé)(%)at 12.682 1.153 | 2.850 | 1.921 | 16.91 | 9.224 25.945 4.693 4.239 10.580 0.721 3.993 | 6.083
SE m+ 2.803 0.25 | 0.618 | 0.416 | 3.666 | 2.000 5.625 1.017 0.919 2.294 0.159 0.882 | 1.344
Note : df — Degrees of freedom DFF — Days to Fifty per cent flowering SP (%) — Shelling per cent SMK (%) — Sound

* - Indicates superior over parents

mature kernel

HKW (g) — Hundred kernel weight ()

spot

KY (g/plant) — Kernel yield (g/plant)

DPY (g/plant) — Dry pod yield (g/plant) LLS — Late leaf
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Table 23: List of superior lines selected for further evaluation based on dormancy during summer (28 DAH)

RILs Germination DFEF Rust LLS SP HKwW SMK KY DPY Inte:fsity Durs;[ion
No. ) @0 @0 (%) © (%) (@/plant) (@/plant) dormancy dormancy
84 55* 37.00 4.00 3.00 70.50 43.50 93.65* 9.51* 13.49* 45* 34.43*
40 60* 36.00 4.50 5.00 59.75 36.50 92.72* 8.69 14.51* 40* 38.21*
209 60* 36.50 4.00 3.00 58.00 36.00 87.13 7.58 13.04* 40* 31.81*
259 60* 39.50* 4.00 3.00 62.25 38.50 82.24 8.66 13.95* 40* 33.57*
213 70* 37.00 4.00 4.00 59.25 37.00 87.20 8.26 14.01* 30* 28.57*

TAG24 100 39.00 6.00 7.50 72.00 48.00 90.96 6.99 9.71 0 452
GPBD4 100 38.00 2.00 2.00 75.00 42.50 85.34 9.02 12.05 0 10.29
CD at 5% 5.158 6.879 2.201 1.925 18.919 13.231 23.489 3.337 3.987 5.158 0.857
SE m+ 1.090 1.405 0.449 0.393 3.566 2.703 4.779 0.681 0.814 1.090 0.181
Note : df — Degrees of freedom DFF — Days to Fifty per cent flowering SP (%) — Shelling per cent SMK (%) — Sound mature kernel
HKW (g) — Hundred kernel weight (g) KY (g/plant) — Kernel yield (g/plant) DPY (g/plant) — Dry pod yield (g/plant) LLS — Late leaf spot

* - Indicates superior over parents




Table 24: List of superior lines selected for further evaluation based on dormancy during Kharif (28 DAH)

Ky Py Intensity Duration
IT\:I(;S Gerrrz:;))atlon DFF (R@u;’é 5"980 SP (%) H(E;N S(D//(l)? (@lplant) | (@/plant) of of il protein
dormancy | dormancy

267 50* 30.50* | 4.00 | 8.50 73.00 | 38.00 | 100.00* 14.94 20.40 50* 37.85* 48.49* | 30.30

5 60* 31.00* | 6.00 | 5.50 67.00 | 42.00 89.32 10.63 15.68 40* 36.87* 48.85* | 27.15

30 60* 30.50 | 450 | 7.50 69.00 | 49.00* | 88.60 13.40 19.45 40* 36.87* 51.22 | 34.93*
213 65* 30.00 | 5.50 | 7.50 76.00 | 49.00* | 97.22 17.21 22.65 35* 27.75* 45.37 26.67
TAG24 100 30.00 | 7.00 | 9.00 73.50 | 46.00 97.25 14.29 19.45 0 452 45.38 25.60
GPBD4 100 30.00 | 3.00 | 3.00 77.00 | 42.00 91.88 21.14 27.46 0 5.66 48.25 31.40
CD at 5% 6.017 1.153 | 3.051 | 1.997 | 14.296 | 9.546 | 27.856 4.592 4,948 5.493 0.820 4.001 5.746
SE m+ 1.22 0.235 | 0.623 | 0.408 | 2.921 1.950 5.692 0.938 1.001 1.122 0.167 0.817 1.174

Note : df — Degrees of freedom DFF — Days to Fifty per cent flowering SP (%) — Shelling per cent SMK (%) — Sound mature kernel

HKW (g) — Hundred kernel weight (g)

* - Indicates superior over parents

KY (g/plant) — Kernel yield (g/plant) DPY (g/plant) — Dry pod yield (g/plant)

LLS — Late leaf spot
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Fig. 14: Frequency distribution of RILs for test weight | in TAG 24 x GPBD 4 population
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Fig. 23: Frequency distribution of RILs for kernel yield (g/plant) in TAG 24 x GPBD 4

population
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Fig. 25: Frequency distribution of RILs for duration of dormancy in TAG 24 x GPBD 4
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Fig. 26: Frequency distribution of RILs for protein and oil in TAG 24 x GPBD 4
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The distribution pattern was normal for all the productivity traits studied in both the
seasons. Most of the RILs were falling within the range of parents; however, few RILs were
showing transgressive segregation towards both higher (GPBD 4) and lower value (TAG 24)
parents for all the traits (Fig. 14, 15, 23 and 27).

Skewed distribution was observed for both intensity and duration of dormancy in both
the season towards parent TAG 24 (Fig. 24 and 25).

The frequency distribution for rust was bimodal (stage | in summer) (Fig. 17) to
normal (stage Il and Il in kharif and stage Il in summer) (Fig. 19 and 22). The distribution
was skewed towards susceptible in kharif (stage | and stage Il in summer) (Fig. 18 and 20).
Majority of the RILs fell within the range of parents.

For late leaf spot, the distribution was mostly normal but skewed towards
susceptibility at stage | in kharif (Fig. 20) and at stage Il in summer (Fig. 18). The distribution
was bimodal at stage | in summer (Fig. 17).

Normal distribution was observed for both oil and protein content in kharif season with
few RILs exhibiting transgressive segregation beyond both higher (GPBD 4) and lower value
(TAG 24) parents. More transgressive segregants were observed for oil content compared to
a very few for protein content (Fig. 26).



5. DISCUSSION

World wide there is an increased awareness that agricultural practices must be
sustainable. Plant breeding has an important role in sustainable agriculture. Duvick (1993)
has described the general needs of a sustainable agricultural system and included
characteristics needed in cultivars for such a system. These characteristics were included
biotic and abiotic stress resistance and adaptation to relatively unmodified soil and climatic
conditions.

In India , like in other developing countries groundnut average yield remains well
below the levels achieved in the country like USA , where in yields average 2800 to 3400
kg/ha. The low yield in developing countries are due to constraints that vary from place to
place and system to system. In almost all situations, biotic and abiotic stresses would reduce
the groundnut crop yield, if uncontrolled. Among the abiotic stresses, lack of dormancy in the
cultivated genotypes leading to in-situ germination when the matured crop is caught in rains
has its own share.

Nearly 70 per cent of the area under groundnut in Karnataka is covered with bunch
varieties belonging to subspecies Arachis fastigate and Arachis hypogaea, which are popular
because of their short duration and suitability for easy harvesting. In general, varieties
belonging to subspecies fastigata are characterized by non-dormancy, while those of sub
species hypogaea which possess long periods of seed dormancy. Bunch varieties under
cultivation lack seed dormancy and hence germinate in situ especially when the crop is
caught in rains or affected by foliar disease and Sclerotium stem rot, causing heavy losses.
Though efforts were made to hybridize between these two subspecies, recovery of desirable
segregants with 2 to 3 weeks of dormancy was very low (Wadia et al., 1987, Naidu, 1997,
Nautiyal and Bandobadhyay, 2001, Naidu et al., 2003 and Diopt and Faye, 2009). However,
in recent years, some of the erect bunch cultivars have been reported to possess varied
periods of dormancy after harvest (Hull, 1937; John et al., 1948; Muhammad and Dorairaj,
1968; Lin and Chen. 1970; Reddy et al., 1985; Pandya and Patel, 1986). But these genotypes
were poor in productivity, adaptability and other agronomic features (Ashok Kumar, 1989).
There is a strong need for hybridization between dormant and non-dormant Spanish bunch
cultivars. Knowledge of genetics of a trait helps in improving the efficiency of breeding for the
trait following hybridization .Dormancy being a resultant of complex interactions of the
parental and the embryonic genotypes and also highly environmentally sensitive, few
attempts towards elucidating its inheritance have been inconclusive (Stokes and
Hull,1930:John et al.,1948 ; Ramachandran et al ., 1967 : Lin and Lin ,1971b and Chang ,
1972 Naidu, 1997, Nautiyal and Bandobadhyay, 2001 and Naidu et al., 2003).In such a case
as, an alternative , an empirical approach on potential response to selection for dormancy
besides identification of dormant segregants with other desirable attributes in the segregating
generations would be a useful breeding strategy.

In order to alleviate the problem of loss due to in situ germination there is a great
need to evolve locally adopted, high yielding dormancy bunch cultivars with desirable pod and
kernel features. Long period of seed dormancy is also undesirable under situation like using
the seeds produced in one season for sowing in the succeeding season, to grow more
generations per year, to advance breeding material and to subject the seeds technologists for
the seed tests upon harvest. Based on such conflicting requirements, two week period of
dormancy has been considered as an optimum period.

The present investigation is an attempt towards systematic evaluation of mapping
population for dormancy and other characters over two seasons. The population was
generated using ruling non-dormant bunch variety TAG 24 and dormant bunch variety GPBD
4 were evaluated for variability to explore the potentiality of the cross in giving dormant
segregants combining other desirable characters.



In this context the generated information on RILs population are discussed under the
following headings.

5.1 Analysis of yield and its component traits in RIL population
5.1.1 Genetic variability for yield and its component traits
5.1.2 Component of variation, heritability and genetic advance
5.1.3 Disease resistance to rust and late leaf spot

5.2 Dormancy in RIL population
5.2.1 Methodology for evaluation for dormancy
5.2.2 Occurrence and extent of dormancy
5.2.3 Nature of dormancy

5.2.4 Frequency of desirable segregants in population
5.1 Analysis of yield and its component traits in RIL population
5.1.1 Genetic variability for yield and its component traits

RILs used in present study were nearly homogzygous and the analysis of variance for
different traits revealed highly significant difference among the genotypes, suggesting a high
degree of genetic variability in the material evaluated. This could be attributed to use of
diverse parents in development of this population. There was variability for yield, yield
component traits and dormancy.

RILs were evaluated in two distinct seasons at UAS, Dharwad to understand the
effect of season on productivity traits and to know the effect of environment on dormancy
related traits and this data from two different locations were analyzed. The critical analysis of
mean of RILs indicated that there was no much difference in means of the traits studied in two
seasons for productivity traits and dormancy.

Analysis of variance revealed significant variation among the RILs, seasons and also
significant G x E interaction for all the traits studied in the populations suggesting the need to
screen in multiple seasons/locations. Extensive prevalence of G x E interaction for
productivity traits in groundnut was also reported by Wynne and Isleib (1978), Niadu (1997),
Swain (2001), Swain (2002) and Naidu (2003).

Frequency distribution for all the productivity traits was mostly normal indicating
quantitative inheritance. Transgressive segregants were observed in both the directions for all
the traits revealing the contribution of favourable alleles from both the parents.

The most important component of edible groundnut export consists of the bold
seeded, hand picked and selected (HPS) types, which have great demand all over the world
and fetch higher prices in domestic and international markets. In India, groundnut trade is
restricted to hand picked selected kernels in the absence of genotypes with large kernels and
good quality (Chandrashekhara, 1991 and Dwivedi and Nigam, 1995). Existing large seeded
genotypes lack disease resistance and the emphasis is on incorporation of multiple disease
resistance. The cross involving TAG 24 was superior for seed size as revealed higher seed
size. Hence, the cross was analyzed for lines with 100-seed weight combining disease
resistance. Since varieties with hundred seed mass of 60g or more are considered as large
seeded groundnut which are preferred for confectionery purpose, RILs exceeding 60g seed
weight were compared with the parents. Only two lines (No.19 and 233) in kharif with
moderate resistance to rust and LLS and having large seed size coupled with higher yield
were observed. None of the lines combined multiple disease resistance. This suggests there
is need for large population size to get better segregants (Sarala and Gowda, 1998 and
Reddy, 2004) or through intermating among the selected lines. Selected lines could be
evaluated in large scale trials for their suitability in commercial cultivation and future breeding
programmes to combine multiple stress resistance.



The resistant germplasm lines belonging to Virginia or Valencia land races, suffer
from poor agronomic features. Early maturing Spanish bunch cultivars are popular because of
ease in cultivation and harvesting but are susceptible to most of the biotic and abiotic
stresses. Same trend was observed in the present study.

5.1.2 Component of variation, heritability and genetic advance

Effectiveness of selection depends on the extent of genetic variability for trait of
interest. Hence, it is necessary to study the variability in respect of quantitative characters
with reference to genetic parameters such as genotypic variance, phenotypic variance,
heritability and genetic advance.

The difference between PCV and GCV was more for yield and yield component traits
in each the season. This indicated the prevalence of the environmental influence on the
expression of these traits. However, the effect of environment on the duration of dormancy,
kernel yield and dry pod yield (g/plant) was little low as indicated by the narrow difference
between the phenotypic and genotypic coefficient of variation for each trait studied. Among
productivity traits, hundred kernel weight, shelling percent, sound mature kernel and intensity
of dormancy recorded little wider difference between PCV and GCV indicating the role of
environment on the expression these traits. There was a low genotypic coefficient of variation
for days to 50 per cent flowering and protein content, indicating lack of genetic variability for
these traits and as parents also had less variation for these traits. This kind of discrimination
between different characters from being influenced by external factor may be attributed to the
difference in their genetic effects. Those which showed more difference at phenotypic and
genotypic level may have more of additive gene effects than dominance and epistatic gene
effect (Singh et al., 1996, Mather and Manivel, 2000, Jatti et al., 2008, John et al., 2009 and
Kavera, 2008).

In present study, genotypes consisted recombinant inbred lines advanced to Fj;
generation, hence all were expected to be homozygous. Thus, for the prediction of response
to selection it is apt to use broad sense heritability because the entire genotypic values are
transmitted to the progeny when any selection is advanced through selfing. The results of
genetic advance hold good as long as selection is practiced between the lines. The results of
present study on heritability for yield and yield component traits suggested that except days to
50 per cent flowering and sound mature kernel in kharif season and sound mature kernel and
hundred kernel weight in summer season, all characters studied had moderate to high
heritability. Whereas, protein, oil, intensity and duration of dormancy recorded high heritability,
the estimates of genetic advance over mean suggested that real progress could be made for
100 kernel yield, kernel yield per plant, dry pod yield per plant, intensity and duration of
dormancy. This also indicated that these traits are mainly under the control of additive genes.
Whereas, the traits like days to 50 per cent flowering, shelling percentage, oil content, sound
mature kernel and protein content had profound influence of non-additive effects. According
to Panse (1957) if heritability is mainly due to non-additive effects, the genetic advance will be
low, whereas if the heritability is due to additive effects it would be associated with high
genetic advance.

5.1.3 Disease resistance to rust and late leaf spot

Genetic studies on LLS and rust revealed that resistance is mostly controlled by
recessive genes thus necessitating more generations and large populations to identify
resistant segregants (Nevill, 1982 and Kalekar et al., 1984). Further, when the diseases occur
together they interfere with each other and LLS dominates rust leading to difficulties in
identification of resistant lines to these diseases (Subramanyam et al., 1984). Occurrence of
these diseases is irregular most of the time. Transfer of resistance to these diseases from
land races and wild relatives to cultivated background is difficult due to linkage drag, viz.,
undesirable traits like thick shell, low yield, poor adaptability and long duration are associated
with resistance (Singh et al., 1997).

The ANOVA showed significant variation for rust and LLS in both the seasons.
Significant seasonal and genotype x season interaction indicated the need for screening in
multiple environments. In earlier studies also, the significant role of G x E interaction in
conditioning the reaction of RILs to these two diseases were reported (Narasimhulu, 2007,
Khedikar, 2008 and Sarvamangala, 2009).



The components of variation, viz., PCV and GCV revealed substantial variation for
both the diseases (Table 9). Further, moderate to high heritability and GAM indicated highly
heritable nature of the variation.

The pattern of distribution of RILs was mostly bimodal for rust and normal for LLS in
both the populations, indicating possibility of simple inheritance with few genes for rust as
compared to complex nature of inheritance for LLS. Wide distribution indicated good
segregation for both the diseases. The distribution of RILs was mostly within the range of
parents for both LLS and rust in both the populations indicating the possible contribution of
resistance mostly by only one of the parents.

Only a few RILs exhibited high level of resistance to both the diseases. 65 for rust
and 55 RILs for LLS exhibited resistance to both rust and LLS, respectively at stage | in
summer. But, none of the RILs exhibited high level of resistance to both the diseases at stage
Il and stage Il in the populations.

5.2 Dormancy in RIL population
5.2.1 Methodology for evaluation for dormancy

The dormancy is one of the highly developmentally unstable and environmental
sensitive character, besides it is a physiological translent stage of the seeds (Naylor et al.,
1979) and often less amenable for quantification. Further the dormancy in groundnut lacks
definite periodically and is a feature of the individual kernel rather than that of the whole plant,
because of asynchronous pod development and maturity. Hence there is a need to adopt an
appropriate methodology to assess relative dormancy among different genotypes. In the
present investigation since the germination tests were conducted at weekly intervals after
harvest, two parameters were considered to interpret the dormancy. The germination
percentage at seven days after harvest was taken as an indicator of intensity of dormancy.
While the days taken to obtain 50 per cent germination as estimated by probit method
represented the duration of dormancy.

5.2.2 Occurrence and extent of dormancy

The RILs which have shown less than 70 per cent germination at first germination
test on seven day were considered as dormancy. Based on this criteria bunch varieties GPBD
4 found to be dormant and TAG 24 found to be non dormant. Out of 268 lines, 41 lines during
Kharif and 52 lines during summer were found to be dormant by showing less germination
percentage (70 per cent). The experiments on germination for two seasons have shown
cultures viz., RIL no. 40, 79, 84, 165, 183, 209, 213 and 259 found to be dormant. When
intensity of dormancy is considered the RIL no. 165, 259, 160, 172, 209, 254, 213, 247, and
248 recorded very high values above 70 per cent in two seasons. While RIL no. 84, 89, 110,
195, 257 and 267 fluctuated widely for intensity of dormancy over seasons.

The variation for dormancy in terms of duration as revealed by G 70 estimates was
subsequently large as compared to the intensity of dormancy among 268 dormant RILs. The
RIL no. 5, 40, 84, 165, 183, 209, 213, 248, 254, 259 and 265 were found to have more than
two weeks of dormancy (G 70) in all the two seasons. A period of 2-3 weeks of dormancy was
exhibited by RIL no. 5, 30, 40, 84, 110, 165, 183, 219 and 267 during Kharif and RIL no. 5,
40, 84, 89, 165, 172, 267 and 183 during summer. While, that was a wide fluctuation for G 70
in RIL no 11, 23, 30, 91, 95 and 103. The RIL no 9 exhibited weak dormancy by having a G
70 2.84 days during summer. Variation in the periods of dormancy from year to year has been
reported by several workers (John et al., 1948; Gavrielith, 1962: Gautreau, 1984, in case of
groundnut and Fukuyuma et al., 1973, Vonka and Bosak, 1975, Naidu, 1997, Nautiyal and
Bandobadhyay, 2001, Swain, 2001, Naidu et al., 2003 and Diopt and Faye, 2009). Variations
in the periods of dormancy in groundnut is because of seasonal fluctuations in the
environmental factors, which affect the dormancy by their influence on mother plant and on
seeds during post harvest storage (Hull, 1937; John et al., 1948; Toole et al., 1956; Bailey et
al., 1958: Mcfarland and Smith, 1966, Naidu, 1997, Swain et al., 2001, Swain et al., 2002,
Naidu et al., 2003, Asibuo et al., 2008 and Faye et al., 2010). Further, the occurrence of foliar
diseases in the field often leads to defoliation and subsequent breakage of dormancy period
of seeds.



Among lines studied, RIL no 213, the dormant genotype matured early in both the
seasons but suffered with low dry pod yield and hundred kernel weight in summer. RIL no 267
and 209 yields comparable to GPBD 4 with more than 3 weeks of dormancy and high
intensity during kharif but suffers with small seed size as revealed by low hundred kernel
weight and yield during summer. RIL no 183 found better for dry pod yield per plant (DPY)
and 100 kernel weight (HKW) but matures late as revealed by more number of days taken to
flowering during summer and less intensity and duration of dormancy in both seasons. By the
above discussion it is evident that ruling erect bunch varieties are superior for productivity
parameters but lack dormancy, while as dormant genotypes lack in one or more productivity
parameters, viz., DPY, SP and HKW. No genotype exhibited superiority for combination of
characters. Thus selected lines with desirable traits have to be used to generate crosses for
evaluation of variability, association of dormancy with other characters, response to different
selection schemes as well as their potentiality to give dormant segregants with other desirable
characters.

5.2.3 Nature of dormancy

Basically two principal types of seed dormancy have been identified in plants. They
are embryo dormancy where control resides within the embryo and seed coat imposed
dormancy wherein the control resides in the seed coat (Bewly and Black, 1985).

Germinability of dormant seeds upon removal of seed coat provides a good test for
existence of seed coat imposed dormancy (Barton, 1965). In the present investigation, nine
and six dormant lines were subjected to such a test in both seasons and the results revealed
that two lines, GPBD 4 and RIL no 5 during kharif and four lines, RIL no 40, 84, 209 and 213
during summer have distinctly without seed coat imposed dormancy with 70 per cent
germination.

On the other hand, other dormant lines have shown varied degree of improvement in
germinability. Seed coat induced dormant line 209 and 213 during summer recorded more
than 80 per cent germination upon seed coat removal in kharif indicating effect of
environment and required extensive investigation. Improvement in germination percentage
upon seed coat removal in groundnut was observed by Toole et al. (1964), Patil (1967),
Ashok Kumar et al. (1989) and Nautiyal and Bandobadhyay (2001). Negative effects of seed
coat extracts of dormant cultures on germinability and root growth of non dormant cultures
was observed by Vaithialingam and Rao (1973a) and Joshi et al. (1980).

5.2.4 Inheritance pattern of dormancy in RILs of TAG 24 ( GPBD 4

In the RILs population TAG 24 (GPBD 4, the ratio of dormant to non dormant seeds
at 14 days after harvest (<70%) fitted in the ratio of 15:1 (non dormant : dormant), which
confirms that dormancy is controlled by duplicate recessive gene. These results differ from
Upadhaya and Nigam (1999), Asibuo et al. (2008) and Fayeissa et al. (2010) who observed
that complete dominance is controlling dominance in F2 population derived from true F1
hybrids.

5.2.5 Frequency of desirable segregants in population

Though magnitude of variation and mean performance of the mapping population
indicate the potential segregants available for selection, the ultimate worth of the cross can be
judged by the superiority of the segregants available for selection, over existing variety for the
characters under consideration.

In general high frequency of segregants (100.00%) were obtained for days to 50
percent flowering (Fig. 28) whereas, less frequency of segregants (<13.00%) were obtained
for dormancy in both seasons. Earlier literature showed very low frequency of segregants
(<24.5%) for dormancy in intersubspecific crosses (Wadia et al., 1987; Sarala, 1993 and
Diddimani, 1996). Wynne and Halward (1989) after extensive review opined that fewer genes
in the crosses with closely related parents (within botanical types) and more genes in the
crosses with distant parents (different botanical types) control the expression of different
traits, leading to varied proportion of alternate types in different crosses.



100

B Kharif O Summer

OFF sP HKW nancy

dov! au!
RILs number

Fig. 28: Superior segregants for different traits

vatio” oPY ran®

Fig. 28: Superior segregants for different traits




For the most important productivity parameters DPY a less number of superior
segregants (4.10%) were recovered. Diddimani (1996), had recorded higher frequency of
both numerically and significantly superior segregants (71.1 and 13.3%) for DPY in crosses
involving Spanish bunch and interspecific derivatives indicating higher potential of
intersubspecific crosses.

The frequency of segregants for duration of dormancy (G 70) was very low (<10%) in
both seasons. The frequency of segregants for SP and HKW was higher in kharif than
summer. When more characters were considered along with dormancy, the frequency of
segregants reduced further. For example, frequency of segregants for DPY, SP and
dormancy and DPY and dormancy were less than 1 per cent in both seasons. This problem
can be avoided by raising large population or resorting to intermating of selected segregants
to increase dormant segregants combined with other desirable attributes.

Future line of work

1. Dormancy is highly plastic in nature because of complexity of its expression and its
high environmental sensitivity. Transient nature of this trait has lead to ineffective
selection and hence need arises to identify some marker for easy and early
generation selection. In the present investigation, an effort was made to know the
association of dormancy with seed coat and some of the other characters but there
was no such association. Further the enzymes cathodic esterase, anodic esterase
and acid phosphatase zymograms were known to differ between germinating and
ungerminated seeds (Cherry and Ory, 1973). Hence, future studies should be
directed towards identifying biochemical (Isozyme)/Molecular (DNA) markers
associated with dormancy to make the selection more effective.

2. Inthe present investigation many superior segregants combining dormancy and other
desirable attributes were obtained among the various RILs. But their frequency was
less. Hence, efforts should be directed towards further evaluation of selected lines in
large scale trials for releasing as cultivar or selective intermating should be taken up
to improve the lines for desirable attributes under recurrent selection cycles.

3. An investigation to find out the association of dormancy with easily identifiable
morphological characters such as foliage colour, branching pattern, number of
branches per plant etc and their suitability as indirect parameters of selection for
dormancy will be useful for practical plant breeding.

4. In the present investigation genotype with seed coat imposed dormancy have been
identified but no such embryo controlled have been identified. Studies on
physiological basis of these two types of dormancies can be taken up.



6. SUMMARY AND CONCLUSIONS

An investigation to assess the genetic potential of some of the selected dormant
bunch cultivars for improvement of groundnut (Arachis hypogaea L.) was started in summer
and kharif 2010 at Main Agricultural Research Station, Dharwad. A total of 268 lines were
evaluated for nature and extent of dormancy, yield components, pod and kernel features and
they were studied for two seasons.

A total of 268 lines of TAG 24 x GPBD 4 mapping population were evaluated for the
experiments on germination test over two seasons at different stages revealed that 49 and 42
lines (at 7 DAH), 16 and 22 lines (at 14 DAH), 6 and 7 lines (At 21 DAH) and 5 and 4 liens (at
28 DAH) to be dormant during summer and kharif, respectively.

Among these, high intensity of dormancy was observed for RIL number 165, 208,
160, 202. 213 and 259 in both the season. While, the line number 84, 89, 110, 195, 257 and
267 fluctuated widely for intensity of dormancy. The line RIL number 40, 84, 209, 213 and 259
were found to have more than three weeks of dormancy (G 70) in both seasons, respectively.
While RIL number 11, 23, 30, 91, 95 and 103 fluctuated widely for duration of dormancy
across the seasons.

The RIL lines number 5, 40, 84, 209, 213 and GPBD 4 distinctly have seed coat
imposed dormancy, some of the RIL line number 208 and 213 during summer improved
germination upon seed coat removal.

Analysis of variance revealed significant variation among the RILs, seasons and also
significant G x E interaction for all the traits studied in the populations suggesting the need to
screen in multiple seasons/locations. The heritability for yield and yield component traits
suggested that except for days to 50 per cent flowering and sound mature kernel in kharif
season and sound mature kernel and hundred kernel weight in summer season, all
characters studied had moderate to high heritability. Whereas, protein, oil, intensity and
duration of dormancy recorded high heritability.

The study has given evidence that for seed dormancy in this mapping population is
controlled by duplicate recessive area.

The frequency distribution of genotypes for oil, protein, dormancy related traits, yield
and yield component traits in RILs, population was normal indicating polygenic inheritance.
Transgressive segregants observed in both the directions indicated the contribution of
favourable alleles from both the parents.

In general high frequency of segregants (100.00%) were obtained for days to 50 per
cent flowering whereas, less frequency of segregants (<13.00%) were obtained for dormancy
in both seasons. For the most important productivity parameters DPY a less number of
superior segregants (4.10%) were recovered. The frequency of segregants for duration of
dormancy (G 70) was very low (<10%) in both seasons. The frequency of segregants for SP
and HKW was higher in kharif than summer. When more characters were considered along
with dormancy, the frequency of segregants reduced further. For example, frequency of
segregants for PY, SP and dormancy and DPY and dormancy were less than 1 per cent in
both seasons (Fig. 27). This problem can be avoided by raising large population or resorting
to intermating of selected segregants to increase dormant segregants combined with other
desirable attributes. Among lines studied, RIL no 213, the dormant genotype matures early in
both the seasons but suffers with low pod yield and hundred kernel weight in summer. RIL no
267 and 209 yields comparable to GPBD 4 with more than 3 weeks of dormancy and high
intensity during kharif but suffers with small seed size as revealed by low hundred kernel
weight and yield during summer. RIL no 183 found better for DPY and HKW but matures late
as revealed by more number of days taken to flowering during summer and less intensity and
duration of dormancy in both seasons. No genotype exhibited superiority for combination of
characters.



REFERENCES

Anderson, W. F., Holbrook, C. C. and Brenneman, T. B., 1993, Resistance to Cercosporidium
personatum within peanut germplasm. Peanut Sci., 20: 53-57.

Anonymous, 1978, All India Coordinated Research Project on Oil Seeds. 12" Annual Work
Shop (kharif crop), p. 19.

Anonymous, 2009a, Karnataka at a glance, Directorate of Economics and statistics,
Bangalore, p.30.

Anonymous, 2009b, Agricultural Statistics at a Glance, 2009. Department of Agriculture and
Cooperation, Ministry of Agriculture, Government of India, New Dehli.

Aquino, V. M., Shokes, F. M., Gorbet and Nutles, F. W., 1995, Late leaf spot progression an
peanut as affected by components of partial resistance. Plant Disease, 79 : 74-
78.

Arunachalam, V., Bandyopadhyaya, A., Nigam, S. N., and Gibbons, R. W., 1984, Heterosis in
relation to genetic divergence and specific combining ability in groundnut
(Arachis hypogaea L.). Euphytica 33: 33-39.

Ashok Kumar, T. S., Gowda, M. V. C. and Nadaf, H. L., 1991, Seed dormancy in erect bunch
genotypes of groundnut |. variability for intensity and duration. J. Oilseeds Res.,
8(2):166-172.

Ashok Kumar, T.S., 1989, An assessment of genetic potential of some dormant cultures for
improving erect bunch varieties of groundnut. M. Sc., (Agri). Thesis, Univ. Agril.
Sci., Dharwad, p.188.

Asibuo, J. W., Akromah, R., Safo-Kantanka, Osei, Adu-Dapaah, Hanskofi, Ohemeng-Dapaah,
S. and Agyeman, A., 2008, Inheritance of fresh seed dormancy in groundnut.
African J. Biotechnol., 7 (4): 421-424.

Bailey, W. K., Toole, E. H., Toole, V. K. and Drowne, M. J., 1958, Influence of temperature on
the after ripening of freshly harvested peanuts. Proceed. American Soc. Hort.
Sci., 71:422-424.

Ballard, L. A. T., 1973, Physical barriers to germination. Seed Sci. Technol., 1:
285-303.

Bandyopadhayay, A., Nautiyal, P. C., Radhakrishnan, T. and Gor, H. K., 1999, Role of testa,
cotyledons and embryonic axis in seed dormancy of groundnut (Arachis
hypogaea L.). J. Agron. Crop Sci., 182 : 37-41.

Bandyopadhayay, R., Pande, S., Blummel, M., Narayan Rao, J., Thomas, D. and Navi, S. S,
2003, Disease management factors influencing yield and quality of sorghum and
groundnut crop residues. Field Crops Res., 84 : 89-103.

Bangar, V. D., Gupta, D. N. and Chavan, A. S., 1997, Nutritive value of promising cultivars of
groundnut in Konkan region. J. Maharashtra Agric. Univ., 22 : 154-157.

Bansal, U. K., Satija, D. R. and Ahuja, K. L., 1993, Oil composition of diverse groundnut
(Arachis hypogaea L.) genotypes in relation to different environments. J. Sci.
Food & Agric., 63 : 17-19.

Barton, L. V., 1965, Seed dormancy: general survey of dormancy types in seeds and
dormancy imposed by external agents. Encyclopedia Plant Physiol., 15:699-720.

Bewly, J. D. and Black, M., 1985, Seeds, Physiology of Development and germination.
Plenum Press, New York,

Bohu, Xiao-nong Man, Xiao-huiliu, Dong-liang Guo and Ling Li, 2010, Abscisic acid (ABA)
mediated inhibition of seed germination involves of positive feed back regulation
of ABA biosynthesis in Arachis hypogaea L. African J. Biotechnol., 9 (11) : 1578-
1586.



Bookwaltes, G. N., Warner, K., Anderson, R. A., and Bageley, E. B., 1979, Peanut fortified
food blends. J. Food Sci., 44: 820-825.

Boote, K. I., Jones, J. W., Smerage, G. J., Barfield, C. S. and Berger, R. D., 1980,
Photosynthesis of peanut canopies as affected by leaf spot artificial defoliation. J.
Agron., 72 : 247-252.

Chandrashekhar, G., 1991, Groundnut quality requirement for the export market, present
status, constraints and future needs in India. Proc. of Consultants Meet. on Uses
of Tropical Grain legumes, 27-30 March 1989 at ICRISAT, Patancheru, pp. 287-
292.

Chang, C.P., 1972, Current Situation of food legume crops production in Taiwan. The
Republic of China Tropical Agricultural Research Series. No.6:11-22.

Cherry, J. P. and Ory, R. L., 1973, Electrophoretic characterisation of six selected enzymes of
peanut cultivars. Phytochemistry, 12:283.

Cherry, J. P., 1977, Potential sources of peanut seed proteins and oil in the genus Arachis. J.
Agric. Found. Chem., 25: 186-193.

Chiteka, J. A., Gorbet, D. W., Knauft, D. A., Shokes, F. M. and Kucharek, T. A., 1988,
Components of resistance to late leaf spot in peanut. Il. Correlation among
components and their significance in breeding for resistance. Peanut Sci.,
15:76-81.

Choudhary, C. B. and Prasad, B., 1968, Genetic variation and heritability of quantitative
characters in Indian mustard (Brassica juncea). Indian J. Agric. Sci., 38: 3-10.

Dashora, A. and Nagda, A. K., 2002, Genetic variability and character association in Spanish
bunch groundnut. Res. Crop., 3 : 416-420.

Deshmukh, S. N., Basu, M. S. And Reddy, P. S., 1986, Genetic variability character
association and path coefficient of quntaitive traits in Virginia bunch varieties of
groundnut. Indian J. Agric. Sci., 56 : 816-821.

Deshmukh, S. N., Basu, M. S. And Reddy, P. S., 1987, Influence of various vegetative and
reproductive attributes on yield in Virginia runner groundnut. J. Oilseeds Res., 4 :
215-219.

Diddimani, S. B., 1996, Genetic potential of interspecific derivatives as donors for resistance
to some biotic and abiotic stresses in groundnut (Arachis hypogaea L.). M. Sc.
(Agri.), Thesis Univ. Agril. Sci., Dharwad, p.138.

Dinakarn, D., Usman, K. M. and Thangavelu, S., 1992, Groundnut genotypes resistance to
foliar disease. Madras Agric. J., 79 (3) : 174-176.

Diopt, A. and Faye, |., 2009, Evaluation of fresh seed dormancy on seven peanut (Arachis
hypogaea L.) lines derived from crosses between Spanish varieties : variability
on intensity and duration. J. Appl. Sci. Res., 5 (7) : 853-857.

Dongale, J. H. and Zende, G. K., 1976, Response of groundnut to the application of
manganese, boron and sulfur both in the presence and absence of FYM through
soil and foliar spray. Indian J. Agron., 21 : 321-326.

Duvick, D. N., 1993, The role of seed companies in crop improvement for sustainable
agriculture (M. B. Callaway and C. A. Franchis, Eds), pp. 46-48.

Dwivedi, S. L. and Nigam, S. N., 1995, Breeding for improved seed quality in groundnut
(Arachis hypogaea L.) with special reference to export promotion: issues and
opportunities. Paper presented at workshop on status of confectionery groundnut
Research in India and Strategies for Export Promotion, 28-29, April, 1995.

Dwivedi, S. L., Jambunathan, R. and Nigam, S. N., 1990, Relationship of seed mass to oil
and protein contents in peanut. Peanut Sci., 17 : 78-152.

Dwivedi, S. L., Jambunathan, R., Nigam, S. N., Ragunath, K., Ravishankar, K. and
Nagabhushanam, 1990, Relationship of seed mass to oil and protein contents in
peanut (Arachis hypogaea L.). Peanut Sci., 17 : 48-52.



Dwivedi, S. L., Nigam, S. N., Jambunathan, R., Sahrawat, K. L., Nigabhushanam, G. V. S.
and Ragunath, K., 1993, Effect of genotypes and environment on oil content,
quality parameters and their correlation in peanut (Arachis hypogaea L.). Peanut
Sci. 20 : 25-35.

Dwivedi, S. L., Nigam, S. N., Nageswara Rao, R. C., Singh, U. and Rao, K. V. S., 1996, Effect
of drought on oil, fatty acids and protein contents of groundnut (Arachis
hypogaea L.) seeds. Field Crop Res., 48 : 125-123.

Dwivedi, S. L., Thandapani, K. and Nigam, S. N., 1989, Heterosis and combining ability
studies and relationship among fruit and seed characters in peanut. Peanut Sci.,
16 : 14-20.

Ewart, A.J., 1908, On the longevity of seeds. Proceed. Royal Soc., 21:1-21.

Falconer, D. S., 1967, Introduction to quantitative genetics. The Renold Press Company, New
Yark, p.340.

Falconer, D. S., 1989, Introduction to Quantitative Genetics, 2™ edition Lond: Longman Inc.
FAO 1995, Quarterly Bulletin of statistics, 8:47.

FAO, 2008, Statistical databases of the food and agricultural organization (FAO), Rome
(www.fao.orq).

*Faye |., Fonceka, D., Ramijean-Francois, T. A., Sau Mbaye Nodye, Diop, A. T. and Nodye,
O., 2010, Inheritance of fresh seed dormancy in Spanish type peanut (Arachis
hypogaea L.) bias introduced by inadvertent selfed flowers as revealed by
microsatellite markers control. African J. Biotchon., 9 (13) : 1905-1910.

*Faye, |., Ndoye, O. and Diop, T. A., 2009, Evaluation of fresh seed dormancy on seven
peanut (Arachis hypogaea L.) lines derived from crosses between Spanish
varieties: variability on intensity and duration. J. Appl. Sci. Res., 5 (7): 853-857.

Fisher, R.A. and Yates, F., 1963, Statistical Tables, Oliver and Boyd, Edinburgh and London.

Freeman, H. A., Nigam, S. N., Kelley, T. G., Ntare, B. R., Subrahmanyam, P. and Boughton,
D., 1999, The World Groundnut Economy : Facts, trends and outlook, ICRISAT,
Hyderabad, India, p. 48.

*Fukuyama, T., Takahashi, R. and Hayashi, J., 1973, Studies on dormancy in barley varieties.
Il. Annual variation in degree of dormancy and varietal grading. Nogaku Kenkyu,
54 : 185-198.

Gadgil, J. D. and Mitra, R., 1983, Chemical composition of seeds in induced groundnut
mutants and their derivatives. Indian J. Agric. Sci., 53 : 295-298.

Garbutt, K. and Witcombe, J.R., 1986, The inheritance of seed dormancy in Sinapia arvensis
L. Heredity, 56:25-31.

*Garet, B., 1976, Heterosis et aptitudes a la combinasion chez |; arachide (Arachis hypogaea
L.) Oleagineaux 31: 432-442.

*Gautreau, J., 1984, Evaluation of effective rates of nondormancy in the field in Senegalese
groundnut. Oleagineux 10:83-88.

Gavrielith, G.H., 1962, A review of problems associated with testing of peanut seeds.
Production International Testing Association, 27:357-372.

Ghosh, A. K. and Biswas, A. K., 1995, Regulation of correlative senescence in Arachis
hypogaea L. by some sink alteration through physical and hormonal means. J.
Agron. Crop Sci., 175 : 195-202.

Gopal, K. K., Upadhaya, H. D. and Vijayakumar, S., 1994, Evaluation of elites spacing
groudnnut genotypes for resistane to foliar diseases. Groundnut News,
6 (1) :3-4.

Gopal, K., Vijayakumar, S. And Kulkarni, M. S., 1993, Screening of groudnnut genotypes
against late leaf spot and rust diseases. Groundnut News, 5(1) : 3.



Gorbert, D. W., Shoker, F. M. and Jackson, L. J., 1982, Control of peanut leaf spot with a
combination of resistance and fungicide treatment. Peanut Sci., 9 : 87-90.

*Gorbet, D. W., Stocks, F. M., Culbreath, A. K., Todd, J. M. and Whitty, E. D., 1999, C-99R. a
new multiple disease resistant peanut cultivar. Marianna, North Florida Res. Ext.
Ctr. Rept., pp. 99-102.

Gowda, M. V. C., Motagi, B. N., Naidu, G. K., Diddimani, S. N. and Sheshagiri, R., 2002,
GPBD 4: A Spanish bunch groundnut genotype resistant to rust and late leaf
spot. Int. Arachis Newslett., 22 : 29-32.

Gowda, M. V. C., Nadaf, H. L. and Giriraj, K., 1989, A new growth habit variant of taxonomical
importance in groundnut. International Arachis News letter, No. 6:6.

Groot, S. P. C. and Karssen, C. M., 1987, Gibberllins regulate seed germination in tomato by
endosperm weakening : A study with gibberllins deficient mutation (J). Planta,
171 :525-531.

Guo, D. L., Liang, J. H. and Li, L., 2009 Abscisic acid (ABA) inhibition of lateral root formation
involves endogenous ABA biosynthesis in Arachis hypogaea L. Plant Growth
Regul., 58: 173-179.

Gupta, S. K., Dhawan, K., Kumar, P. and Yadav, T. P., 1982, Note on chemical composition
of some groundnut strains. Indian J. Agric. Sci., 52 : 343-344.

Hanson, C. H., Robinson, H. G. and Comstock, R. E., 1956, Biometrical studies of yield in
segregating populations of Korean Lespediza. Agron. J., 48 : 268-272.

Hemanth, 1990, Evaluation of early generations for dormancy and productivity in erect bunch
groundnut. M.Sc. (Agri) Thesis, Univ. Agril. Sci., Dharwad, p.156.

Holbrook, C. C. and Isleib, T. G., 2001, Geographical distribution of genetic diversity in
Arachis hypogaea. Peanut Sci., 28: 80-84.

Holley, K. T., and Hammons, R. O., 1968, Strain and seasonal effects on peanut
characteristics. Research Bulletin 32, University Georgia, College, Agriculture
Experiment Station, pp. 1-27.

*Huang, M. T., 1981, Breeding peanut for seed dormancy. In proceedings of the symposium
on plant breeding. Taichung, Taiwan, Agricultural Association of China and
Regional Society of SABRAO.

Hull, F. H., 1937, Inheritance of rest period of seeds and certain other characters in the
peanut. Technology Bulletin Florida Agricultural Experimental Station, No. 314, p.
46.

Isleib, T. G., Pattee, H. E. and Giesbrecht, F. G., 2004, Oil, sugar and starch characteristics in
peanut breeding lines selected for low and high oil content and their combining
ability. J. Agric. Food. Chem., 52: 3165-3168.

Jambunathan, R. S., Madhusudhan Raju and Shubhada, P. Bande, 1985, Analysis of oil
content of groundnut by nuclear magnetic resonance spectrometry. J. Sci. Food
Agric. 16: 162-166.

Jambunathan, R., Sridhar, R., Raghunath, K., Dwivedi, S. L. and Nigam S. N., 1993, Qil
quality characteristics and head space volatiles of newly released grandaunt
(Arachis hypogaea L.) cultivars. J. Sci. Food Agric., 61: 23-30.

Jatti, G., Venkataramana, P. and Gururaj Rao, M. R., 2008, Evaluation of water use efficient
groundnut germplasm and identification of elite genotypes for Southern
Karnataka. Legume Res., 31 (2) : 122-125.

Jaswal, S. V., and Gupta, V. P., 1967, Correlation and regression studies in spreading types
of groundnut. J. Res. PAU, Ludhiana, 3: 385-388.

Jenkins, W. A., 1938, Two fungi causing leaf spot of peanut. J. Agric. Res., 56: 317-332.

John, C. M., Seshadri, C. R. and Rao, M. B., 1948, Dormancy of the seed in groundnut.
Madras Agril. J., 35:159-167.



John, K., Vasanti, R. P. and Venkateswaralu, 2009, Studies an variability and character
association in Spanish bunch groundnut (Arachis hypogaea L.). Legume Res.,
32 (1) : 65-69.

Johnson, H.W., Robinson, H.F. and Comstock, R.E., 1955, Genotypic and phenotypic
correlations in soybean and their implications in selection. Agril. J, 47: 477-483.

Joshi, R. K., Mishra, S. D. and Gaur, B. K., 1978, Release of dormancy in Trombay groundnut
seeds by plant growth regulators. Acta Botanical India, 6:7-15.

Joshi, R. K., Mishra, S. D. and Gaur, B. K., 1980, Seed dormancy in groundnut variety TG-1
role of the seed coat. Indian J. Physiol., 23: 192-198.

Kadam, P. S., Desai, D. T., Jagdish, U., Chauhan, D. A. and Shelke, B. L., 2007, Variability,
heritability and genetic advance in groundnut. J. Mharashtra Agric. Univ., 32 : 71-
78.

Kale, D. M., Gadagil, J. D. and Murty, G. S. S., 1998, Relationship between seed size, oil and
protein contents in groundnut. J. Oilseeds Res., 5 : 170-175.

Kalekar, A. R., Patil, B. C. and Deokar, A. B., 1984, Inheritance of resistance to rust in
groundnut. Mad. Agric. J., 71 : 125-126.

Kavera, 2008, Oil quality improvement in groundnut (Arachis hypogaea L.) through induced
mutagenesis. Ph.D. Thesis, Uni. Agric. Sci. Dharwad, Karnataka (India).

Kenoni, G., Zwedie, K. and Lemma, E., 1993, Laboratory examination of dormancy period of
groundnut seeds. IARI Newsletter Agril. Res., 8(2):3-4.

Ketring, D. L. and Morgan, P. W., 1969, Ethylene as a component of the emanations from
germinating peanut seeds and its effect on dormant virginia type seeds. Plant
Physiol., 44:326-330.

Ketring, D. L. and Morgan, P. W., 1971, Physiology of oil seeds |l Dormancy released in
virginia type peanut seeds by plant growth regulators. Plant Physiol., 47:488-
492.

Ketring, D. L. and Morgan, P. W., 1972, Physiology of oil seeds IV Role of endogenous
ethylene and inhibitory regulators during natural and induced after ripening of
dormant virginia type peanut seeds. Plant Physiol., 50:382-387.

Khalfaoui, J. L.B., 1991, Inheritance of seed dormancy in a cross between two spanish
peanut cultivars. Peanut Sci., 18(2):65-67.

Khedikar Y. P., 2008, Molecular tagging and Mapping of resistance to late leaf spot and rust
in groundnut (Arachis hypogaea L.). Ph.D. Thesis, Uni. Agric. Sci. Dharwad
(India).

Khote, A. C., Patil, P. P., Patil, S. P. and Walke, B. K., 2009, Genetic variability studies in
groundnut (Arachis hypogaea L.). Int. J. Pl. Sci., 4 : 141-149.

Knauft, D. A. and Wynne, |. C., 1995, Peanut breeding and genetics. Advances in Agron.,
55:406-408.

Koornneef, M., Bentsink, L. and Hillhorst, H., 2002, Seed dormancy and germination. Curr.
Opin. Plant Biol., 5:33—-36.

Krapovickas, A., 1968, The origin, variability and spread of the groundnut (Arachis hypogaea
L.). In The domestication gnd exploitation of plants and animals. Gerald
Duchworth Company Limited, London, p.427-441.

Kumar, C. V. S., Kumar, V. I. and Rajamani, S., 2008, Genetic variability correlation and path
analysis in groundnut. Proc. Agri., 4 : 69-70.

Lakshmidevamma, T. N., Byregowda, M. and Mahadevu, P., 2004, Character association and
path analysis in groundnut. J. Agril. Sci., 38 : 221-226.

Layrisse, A., Wynne, KJ. C. and Isleib, T. G., 1980, Combining ability for yield, protein and oil
of peanut lines from South American centres of diversity. Euphytica, 29 : 561-
570.



*Lin, H. and Chen, C. C., 1970, Studies on seed dormancy in groundnut. The relation
between measurements of dormancy period of varieties and their dormancy
percentage. Taiwan Agril. Quart., 6:55-56.

*Lin, H. and Lin, C. Y., 19 71b, Studies on seed dormancy in groundnut Il. The effect of seed
maturity on dormancy and sprouting of peanuts. J. Taiwan Agril. Res., 26:49-53.

*Lin, H. and Lin, C.Y., 1971a, Studies on the seed dormancy of peanuts. J. Agril. Res.,
(Taiwan), 20:49-53.

*Lush, J. L., 1940, Intra-site correlation and regression of offspring on dams as a method of
estimating heritability of characters. Proc. Am. Sco. Animal Prod., 33 : 293-301.

Mace, E. S., Phong, D. T., Upadhyaya, H. D., Chandra, S. and Crouch, J. H. 2006, SSR
analysis of cultivated groundnut (Arachis hypogaea L.) germplasm resistant to
rust and late leaf spot diseases. Euphytica, 152 : 317-330.

Mallikarjuna Swamy, B.P., Upadhyaya, H. D., Kenchanagoudar, P.V., Kulliswamy, B.Y., and
Singh, S., 2003, Phenotypic variation for agronomic characteristics in groundnut
core collection for Asia. Field Crop Res., 84: 359-371.

Manivel, P., Mathur, R. K., Bandopadhaya, A., Sanmur, M. Y. and Mishra, J. B., 2000,
Evaluation of some confectionary type advanced breeding lines of groundnut. Int.
Archis New Lett., 20 : 20-21.

Mancharan, V., Arjunan, A., Thangavelu, S. and Kalalmani, S., 1994, Development of
dormant bunch groundnut (Arachis hypogaea L. subsps fastigiata) genotypes.
International Arachis News letter, 14:13.

Manoharan, V., Thangavelu, S. and Ramalaingan, S.R., 1989, A breeding methodology to
develop dormant bunch groundnut varieties. In., National Symposium on Recent
Advance in Genetics and Plant Breeding Research in India, B. H. U., Varanasi,
India.

*Martin, J. A., Dimanche, B. O. and Schilling, R., 1999, Comment Iutter contre la
contamination de larachide par les aflatoxines? Experiencs conduites au
senegal. Agriculture et Developpement, 23 : 58-67.

*Martin, J. P., 1967, Contribution at | etude de certain characters d'importnace agronomique
chez I' arachide etude de I' heredite de la richesse eb huile, du sendement eb
decortigage et de la grosseur des grains dans le groups des varieties tardives.
Oleagineux, 22: 673-676.

Matilla, A. J. and Matilla-Vazquez, M. A., 2008, Involvement of ethylene in seed physiology.
Plant Sci., 175:87-97.

Mather, R. K. and Manivel, P., 2000, Components analysis of bunch groundnut (Arachis
hypogaea L.) germplasm from Sri Lanka. Tropic. Agri., Trinidad, 70 : 256-259.

Matthews, S., 1976, Seed in relation to ecology. In "Advances in research and technology of
seeds" (Thompson, J. R., ed.) Part Il, Centre for Agricultural Publishing and
Documentation. Wageningen, pp. 92.

Mauboussin, J., 1966, Annual Report 1963 ISFA, National Agricultural Research Centre.
Bombay.

Mayer, A. M. and Poljackoff-Mayben, A., 1988, The germination of seeds. Pergamon press,
Oxford.

McDonald, D., Subrahmanyam, P., Gibbons, R. W. and Smith, D. H., 1985, Early and late leaf
spot of groundnut. Information Bulletin No. 21, International Crops Research
Institute for the Semi Arid Tropics (ICRISAT), Patancheru, A. P., (India).

*Mcfarland, A. G. and Smith, H.L., 1966, Pre drying at 40°C to overcome dormancy in
Virginia Runner type peanut seed. Virginia J. Sci., 17:245.

Mehan, V. K., Reddy, P. M., Subrahmanyam, P., McDonald, D. and Singh, A. K., 1996,
Identification of new sources of resistance to rust and late leaf spot in peanut. Int.
J. Pest Mngt., 42 : 267-271.



Mella, A. R., Bulgin, M. J. and Sanchez, R. A., 2004, Expansion gene expression in Datura
ferox L. seeds is regulated by the low fluence response, but not by the high
irradiance response of phytochromes (J). Seed Sci. Res., 14 : 61-71.

Melouk, H. A., Banks, D. J. and Fanous, M. A., 1984, Assessment of resistance to
Cercospora arachidicola in peanut genotypes in field plots. Plant Disease, 68 :
395-397.

Mishra, L. K. and Yadav, R. K., 1992, Genetic variability and correlation studies in summer
groundnut. Adv. Plant Sci., 5 : 106-110.

Misra J. B., 2004 A mathematical approach to comprehensive evaluation of quality in
groundnut. J. Food Comp. Anal. 17: 69-79.

Misra, J. B., Ghosh, P. K., Dayal, D. and Mathur, R. S., 2000, Agronomic, nutritional and
physical characteristics of some Indian groundnut cultivars. Indian J. Agric. Sci.,
70: 741-746.

Mital, S. P. and Mehta, T. R., 1954, Some studies on groundnut (Arachis hypogaea L.). Indian
J. Genet. Plant Breed. 14: 13-21.

*Mohamed-Som, H. Z., 1984, Chemical composition and flavour of Virginia-type peanuts. M.
S. thesis, Dept. of Food Science, N. C. State Univ., Raleigh.

Mondal, S., Ghosh, S. and Badigannavar, A. M., 2005, RAPD polymorphism among
groundnut genotypes differing in disease reaction to late leaf spot. Int.
Arachis Newslett., 25 : 27-30.

Muhammed, V. S. and Dorairaj, S. M., 1968, Screening the genetic stock of Arachis
hypogaea L. for seed dormancy in Madras State. Indian J. Agril. Sci., 38:73-75.

Muhammed, V. S. and Ramachandran, N. and Ramanathan, T., 1965, High yielding
groundnut bunch cultures with seed dormancy. Madras Agril. J., 56:
234-238.

Murthy T.G.K. and Reddy, P. S., (1993). Cytogenetics and genetics of groundnut. Intercept
Ltd. Andover, England.

Nagaraj, G. and Chuhan, S., 1987, Seasonal variation in oil quality of groundnut. /ndian J.
Agric. Sci., 57 : 522-524.

Nagaraj, G., Chuhan, S. and Ravindra, V., 1987, Influence of maturity on oil, protein and yield
of three Spanish groundnut bunch groundnut varieties. Seeds and Farms, 13:
53-55.

Nagaraj, G., Kumar, K., Chuhan, C., Ahmed, T. and Bhagat, N. R., 1986, High oil groundnut
varieties. Indian J. Agric. Sci., 56 : 64-65.

Nagaraj, G., Kumar, K. and Chuhan, S., 1984a, Effect of location of genotype on the
groundnut kernel composition and oil quality. J. Oil Technol., Assoc. India, 16:
107-110.

Nagaraj, G., Kumar, K. and Chuhan, S., 1984b, Seed and oil characteristics of ten groundnut
varieties. J. Oil Technol. Assoc. India, 16: 1-2.

Nagarajan, S. S. and Gopalakrishnan, 1958, Root inducing substances in the groundnut
seed. Current Sci., 27:29-30.

Nagarjun, P. and Radder, G. D., 1983, Studies on induction of seed dormancy in bunch type
groundnut. Seed Res., 11:24-31.

Naidu, G. K., 1997, Response to selection for dormancy in the segregating generations of
groundnut. M. Sc. (Agri.) Thesis, Univ. Agril. Sci., Dharwad.

Naidu, G. K., Motagi, B. N. and Gowda, M. V. C., 2003, Seed dormancy in groundnut cultivars
of Karnataka — An Appraisal, National Workshop on Groundnut Seed
Technology, pp. 132-134.



Narasimha Reddy, S.B. and Swamy, P. M., 1976, Effect of various growth regulators on the
germination of dormant groundnut (Arachis hypogaea L.) seeds. Indian J. Plant
Physiol., 19:226-229.

Narasimhulu, R., 2007, Evaluation of resistance to Aspergillus flavus Link ex Fries in
groundnut. M. Sc. (Agri.) Thesis, Univ. Agril. Sci., Dharwad.

Nautiyal, A. and Bandyopadhyay, P. V., 2001, In situ sprouting and regulation of fresh seed
dormancy in Spanish type groundnut (Arachis hypogaea L.). Field Crop Res., 70
1 233-241.

Nautiyal, P.C., Ravindra, V. and Misra, J. B., 1997, Response of dormant and non-dormant
seeds of groundnut (Arachis hypogaea) genotypes to accelerated ageing.
Indian J. Agril. Sci., 67(2):67-70.

Naylor, J. M., Acharya, S. N. and Jana, S., 1979, Genetic basis of dormancy in seeds of
Avena fatua L. Genet., 91:80-88.

Ndoye and Charles, E. Simpson, 2001, Selection techniques for fresh seed dormancy in short
duration varieties of groundnut. J. Appl. Sci. Res., 6 (7) : 753-575.

Nevill, D. J., 1982, Inheritance of resistance to Cercosporidium personatum in groundnuts: a
genetic model and its implications for selection. Oleagineux, 37 : 355-362.

Nigam, S. N., Dwivedi, S. L., Reddy, L. J., and Vasudeva Rao, M. J., 1989. An update on
groundnut breeding activities at ICRISAT centre with particular reference to

breeding and selection for improved quality. Proc. Third Regional
Groundnut Workshop, held during 13-18 March 1988, Linongwe, Malwi, pp. 115-
125.

Nonogaki, H., Chen, F. and Bradford, K. J., 2007, Mechanisms and genes involved in
germination sensu stricto. In: Bradford KJ, Nonogaki H (eds) Seed development
dormancy and germination. Blackwell, Oxford, pp 264—304.

Ousmane, N. and Chasles, E. S., 2009, Selection technique for fresh seed dormancy in short
duration varieties of groundnut. J. Appl. Sci. Res., 6 (7) : 753-757.

Pancholy, S. K., Despande, A. S. and Krall, S., 1978, Amino acids, oil and protein content of
some selected peanut cultivars. American Peanut Res. Edu. Assoc., 10 : 30-37.

Pandya, R.B. and Patel, V. J., 1986, Dormancy in kernels of Spanish and Virginia bunch
varieties of groundnut. J. Oilseeds Res., 3:19-27.

Panse, V.G. and Sukhatme, D.V., 1967, Statistical Methods for Agricultural Workers. Indian
Council of Agricultural Research, Publication, New Delhi, p.115.

Parker, R. C., Wynne, j. C., and Emery, D. A., 1970, Combining ability estimates in Arachis
hypogaea L. Crop Sci. 10: 429-432.

Parameshwarappa, K. G., Kenchanagoudar, P. V., Bentur, M. G. and Patil, R. K., 2004,
Genetic variability and correlation in adopted genotypes of Spanish bunch
groundnut. National Symposium: Enhancing Productivity of Groundnut for
Sustaining Food and National Security, NRCG, Nunagadh, Oct. 11-12, 2004, pp.
74-75.

Patil, P. S. and Bhapkar, D. G., 1987, Estimates of genotypic and phenotypic variability in
groundnut. J. Maharastra Agril. Univ., 12(3):319-321.

Patil, P. V., 1967, Dormancy studies in rice and groundnut. M. Sc. (Agri) Thesis, University of
Poona, Pune, India, p.95.

Patil, S. H., 1972, Induced mutations for improving quantitative characters of groundnut.
Indian J. Genet. Plant Breed. 32: 451-459.

Patil, S. H., Kale, D. M., Deshmukh, S. N., Fulzele, G. R. And Weginwar, B. G., 1995,
Semidwarf early maturing and high yielding new groundnut varieties TAG 24. J.
Res., 20 : 254-257.



Patil, V. K., Quader, H.A. and Shinde, V.S., 1991, Oilseed production constraints, technology
and future research need in Maharashtra. Agricultural situation in India, 46 : 401-
407.

Presannakumari, S. T. and Namboodiri, K. M. N., 1996, Evaluation of different botanical
varieties of groundnut for seed dormancy. Legume Res., 18(1):
9-11.

Punnoose, K. I. and Geroge, C. M., 1974, Studies on the effect of nitrogen and phosphorous
on the yield and quality of groundnut (Arachis hypgea L.) in red loam soils of
Kerala. Agric. Res. J., 12: 151-157.

*Rahaman, S. M., Takagi, Y., Kubota, K., Miyamoto, K. and Kawatika, T., 1995, High oleic
acid mutant in soyabean induced by X-ray irradiation. Bio-Sci. Biot. Biochem.,
58:1070-1072.

Raheja, R. K., Batta, S. K., Ahuja, K. L., Labana, K. S. and Singh, M., 1987, A mathematical
approach to comprehensive evaluation of quality in groundnut. Plants Foods for
Nutrition, 37 : 103-108.

Ramachandran, M., Loganathan, N. S., Sridharan, C. S., Chandrashekharan, N. R. and
Krishnaswamy, P, 1967, Evolution of dormant bunch groundnut strains by
hybridization. Indian J. Agril. Sci., 37:429-436.

Rao, S. K., Rao, S. D. and Murti, K. S., 1965, Compositional studies on Indian groundnuts-III.
Indian Oilseed J., 9 : 5-13.

Reddy, K. H. P., 1994, Variation in Spanish groundnut collection. J. Maharashtra Agric. Unvi.,
19 :452.

Reddy, P. S., 1988, Groundnut, ICAR, New Delhi.

Reddy, P. S., 2004, The future prospects of groundnut in India. Groundnut Res. India, pp.
484-488.

Reddy, P. S., Basu, M. S., Tiwari, S. P., Devidayal and Radhakrishanan, T., 1987, Spanish
groundnut strains with fresh seed dormancy. Current Sci., 56:
368-369.

Reddy, P.S., Zade, V.R. and Deshmukh, S.N., 1985, CGSI-19, a new Spanish bunch
groundnut cultivar with fresh seed dormancy. J. Oilseeds Res., 2 : 103-106.

Reddy, R. N., Parameshwarappa, K. G. and Nadaf, H. L., 2004, Molecular diversity for
resistance to leaf spot and rust in peanuts and segregating population of a cross
in groundnut. Int. Arachis News Lett., 24 : 31-33.

*Reys, G. M. and Romasata, R., 1940. Varietal susceptibility of peanuts to black spot
Cercospora perrorala (Berk). Philippines J. Agric., 11 : 371-381.

Robinson, H. I., Comstock, R. E. and Harvey, P. H., 1949, Estimation of heritability and
degree of dominance in corn. Agril. J., 41:353-359.

Rolston, M.P., 1978, Water impermeable seed dormancy. Botanical Rev., 44:365-396.

Samad, I. A. A. and Pearce, R. S., 1978, Leaching of ions, organic molecules and enzymes
from seeds of Peanut (Arachis hypogaea L.) imbibing without testas or with
intact testas. J. Expt. Botany, 29: 1471- 1478.

Sandhikar, R. N., Bulbule, S. V. and Mayee, C. D., 1989, Prediction models for rust epidemic
in groundnut. Indian J. Mycol. and Plant Pathol., 19 : 60-67.

Sandhu, B. S. and Khera, A. S., 1976. The role of epistasis in the inheritance of yield and its
components in groundnut. Crop Impr. 2: 90-98.

Sarala, B.S., 1993, Genetic potential of virginia cultures in improving erect bunch varieties of
groundnut (Arachis hypogaea L.). M. Sc. (Agri). Thesis, Univ. Agril. Sci.,
Dharwad, p.151.



Sarala, B. S. and Gowda, M. V. C., 1997, Potential of intersubspecific crosses in generating
erect bunch segregants with dormancy in groundnut (Arachis hypogaea L.).
Indian J. Genet., 57(3):269-273.

Sarala, B. S. and Gowda, M. V. C., 1998, Variability and correlation studies in segregating
generation of inter sub-specific crosses of groundnut (Arachis hypogaea L.).
Crop Improv., 25 : 122-123.

Sarvamangala, S. C., Gowda, M. V. C. and Nadaf, H. L., 2010, Genetic variation and
association pattern among nutritional traits in recombinant inbred lines of
groundnut (Arachis hypogaea L.).Indian J. Genet., 70 (1): 37-43.

Sarvamangala, S. C., 2009, Construction of genetic linkage map and QTL analysis for foliar
disease resistance, nutritional quality and productivity traits in groundnut (Arachis
hypogaea L.). Ph. D. Thesis, Univ. Agric. Sci., Dharwad.

Sengupta, U. K., 1989, Changes in phenolic compounds during seed development and
germination of groundnut cultivars. Seed Res., 17:36-42.

Sengupta, U. K., Sironi, G. S., Kaim, M. S. and Pokhriyal, T. C., 1977, Effect of growth
regulator on seed germination in groundnut. Indian J. Plant Physiol., 20 : 91-96.

*Seshu, D. V. and Sorrells, M. E., 1986, Genetic studies on seed dormancy in rice. In Rice
genetics. Proceedings of the International Rice Genetics symposium. I.R.R.l.,
Philippines, pp.27-31.

Sharma, A., Ghosh, B. K. and Sengupta, U. K., 1987, Effect of ABA and kinetin on fat and
protein degradation during inhibition of dormant and non-dormant groundnut
seeds. Indian J. Plant Physiol., 30:420-424.

Singh, B. M., Das, S. S. and Srivastava, S., 1996, Variability for HPS grade groundnut in F4
generations. J. Appl. Biol., 6 (1-2) : 28-32.

Singh, A. K., Mehan, V. K. and Nigam, S. N., 1997, Source of resistance to groundnut fungal
and bacterial diseases : An uptake and appraisal information Bulletin No. 50.
International Crops Research Institute for the semi arid tropics, Patancheru,
Andhra Pradesh India, p. 48.

Singh, A. K., Smartt, J., Simpson, C. E. and Raina, S. N., 1998, Genetic variation
vis-a-vis molecular polymorphism in groundnut, Arachis hypogaea L. Genet.
Resor. Crop. Evol. 45: 119-126.

Singh, R. K. and Chaudhary, D., 1979, Biometrical methods in quantitative genetic analysis,
Kalyani Publications, Ludhiana, pp. 253-259.

Singh, S. B., 2005, Genetic variability and character association in groundnut. Annl. Agric.
Res., 26 : 1-4.

Sivasubramanian, S. and Menon, M., 1973, Heterosis and inbreeding depression in rice.
Madras Agric. J., 60: 1139.

Snedcor, G.W., 1961, Statistical Methods. The lowa State College Press, lowa, USA, pp.
166.

*Spegazzini, C. L., 1884, Puccinia arachidis speg. Fungi guarnitici. Ann. Soc. Cient.
Argentina, 17: 90.

*Sreeramulu, N., 1974, Changes in endogenous growth regulating compounds during the
after-ripening of the dormant seeds of groundnut, zeitschrift fuer
Pflanzenphysiologie, 71:101-107.

Sreeramulu, N. and Rao, |. M., 1968, Seed germination in nondormant bunch type groundnut
(TMV 2). Sci. and Culture, 34:84-85.

Sreeramulu, N. and Rao, I. M., 1971a, Physiological studies on dormancy in seeds of
groundnut (Arachis hypogaea L.). 2. Changes in phenolic substances during the
development of the non-dormant and dormant seeds. J. Indian Bot. Soc., 50:
342-349.



Sreeramulu, N. and Rao, I. M., 1971b, Physiological studies on dormancy in seeds of
groundnut (Arachis hypogaea L.). Changes in auxin and growth inhibitor
contents during development of the seeds of a dormant and a non-dormant
cultivar. Australian J. Bot., 19:273-280.

*Sreeramulu, N. and Rao, |I. M., 1972, Physiological studies on dormancy in seeds of
groundnut (Arachis hypogaea L.) 4. Changes in gibberellin like substances
during the development of the seeds of a dormant and non-dormant variety.
Zeitschrift fuer Pflanzenphysiologie, 66:280-283.

Stalker, H. T. and Beaute, M. K., 1993, Registration of four leaf spot resistance peanut
germplasm lines. Crop Sci., 33: 1117.

Stalker, H. T. and Simpson, C. E., 1995, Genetic resources in Arachis. In : Pattee, H. E. and
Stalker H. T. (Eds). Adv. Peanut Sci., American Peanut Research Education
Society, Stillwater, UK, pp. 14-53.

*Stokes, W.E. and Hull, F.H., 1930, Peanut Breeding. J. American Agron., 22:1004-1008.

Subbarao, P. V., Subrahmaniyam, P. and Reddy, P. M., 1990, A modified nine point disease
scale for assessment of rust and late leaf spot of groundnut. In : Second Int.
Cong. of French Phytopathol. Soc., 28-30 November, 1990, Montpellier, France,
p. 25.

Subramanyam, P. and McDonald, D., 1982, Groundnut rust, its survival and carry over in
India. Proc. Ind. Acad. of Sci. (PI. Sci.), 91: 93-100.

Subramanyam, P., Mcdonald, D., Gibbons, R.W., Nigam, S. N. and Nevill, D. J., 1982,
Resistance to rust and late leafspot diseases in some genotypes of Arachis
hypogaea L. Peanut Sci., 9:6-10.

Subramanyam, P., Mehan, K. and McDonald, D., 1980, Research on fungal diseases of
groundnut at ICRISAT, pp. 193-198. In : Proc. of the Int. Workshop on
Groundnuts, 13-17 October 1980, ICRISAT Centre, India, Patancheru, 502 324,
Andhra Pradesh, India. International Crops Research Institute for the Semi-Ardi
Tropics.

Swain, S. K., Sahoo, P. and Patnaik, M. C., 2001, Seed dormancy in groundnut (Arachis
hypogaea L.) variability for intensity and duration. Seed Res., 29 (1) : 13-17.

Swain, S. K., Sahoo, P. and Patnaik, M. C., 2002, A comparative analysis of dormancy
pattern in the varietal forms of groundnut. J. Oilseeds Res., 19 (2)
223-225.

*Tai, Y. P. and Young C. T., 1975, Genetic studies of peanut proteins and oils.
J. American Oil Chem. Soc., 52: 377-385.

Thirumalaswamy, K., Sadashivam, R. and Rathnam, N. N., 1987, Screening methods for
dormancy in bunch groundnut. Madras Agril. J., 74(2):114-115.

Toole, E.N., Hondricks, S.B., Borthwick, H.A. and Toole, V. K., 1956, Physiology of seed
germination. Ann. Rev. Plant Physiol., 7:299-324.

Toole, V.K., Bailey, W.K. and Toole, E.H., 1964, Factors influencing seed dormancy of
peanut seeds. Plant Physiol., 39:822-855.

Toorop, P. E., Van Aeist, A. and Hilhorst, H. W. M., 2000, The seed step of the biphasic
endosperm cap weakening that mediates tomato (Lycopersicon esculentum L.).
J. Expt. Bot., 51 : 1371-1379.

Upadhyaya, H. D., 2003, Phenotypic diversity in groundnut (A. hypogaea) core collection
assessed by morphological and agronomic evaluation. Genet. Res. Crop Evol.
50: 539-550.

Upadhyaya, H. D., Mallikarjunaswamy, B.P., Kenchnagoudar, P. V., and Kulliswamy, B.Y.,
2005, Identification of diverse groundnut germaplasm through multi —
environment evaluation of a core collection for Asia. Field Crop Res., 93: 293-
299.



Upadhyaya, H. D. and Nigam, S. N., 1998, Epistasis for vegetative and reproductive traits in
peanut. Crop Sci., 38: 44-49.

Upadhaya, H. D. and Nigam, S. N., 1999, Detection of epistasis for protein and oil contents
and quality parameters in peanut. Crop Sci., 39 : 115-118.

Upadhyaya, H.D., Nigam, S.N., Rao, M.J.V., Reddy, A.G.S., Yellaiah, N. and Reddy, N.S.,
1997, Registration of five Spanish peanut germplasm lines with fresh seed
dormancy. Crop Sci., 37:1027.

Vaddoria, M. A. and Patel, V. J., 1992, Character association and path analysis in Virginia
runner groundnut (Arachis hypogaea L.). Madras Agril. J., 79 : 500-504.

Varman, P.V. and Raveendran, T. S., 1991, New source of seed dormancy in bunch
groundnut. Curr. Res., 20 (11): 237-238.

Vasanthi, R. P., Naidu, R. H. and Rao, A. S., 1998, Genetic variability and correlation of yield
component trait and foliar disease resistance in groundnut. J. Oilseed
Res., 15 (2) : 345-347.

Venkataramana, P., 2001, Variability and correlation studies in groundnut. Crop Res., 21 : 81-
83.

Venu, P., 1993, Physiological regulation of dormancy in groundnut (Arachis hypogaea L.).
M. Sc. (Agri), Thesis, Univ. Agril. Sci., Dharwad, p.134.

Venu, P., Chetti, M.B., Uppar, D.S., Doddamani, M.B., and Mummigatti, V. V., 1995, Factors
influencing seed dormancy in Spanish and Virginia groundnut genotypes. J.
Oilseeds Res., 12 (1) : 103-108.

Viathialingam, R. and Rao, J., 1973a, Physiological comparison of dormant and non-
dormant groundnut, Role of water absorption, role of outer covering and
inhibitor in the seed coat. Madras Agril. J., 60:1465-1470.

Viathialingam, R. and Rao, J., 1973b, Physiological comparison of dormant and non-
dormant varieties of groundnut. Madras Agril. J., 60:1859-1861.

*Vonka, Z. and Bosak, V., 1975, The duration of post harvest dormancy and susceptibility to
sprouting in selected varieties of spraying and winter barley and winter wheat.
Rostilinna vyroba. 21 : 495-503.

*Wadia, K. D. R., Nageswar Rao, R. C. and Willims, J. M., 1987, An improved method for
identification of dormant sequentially branched progenies from populations
derived from crosses between non-dormant (Subspecies fastigiata) and dormant
subspecies (hypogaea) groundnut (Arachis hypogaea L.). Oleagineux, 42:75-82.

*Wan, X. R. and Li, L., 2006, Regulation of ABA level and water-stress tolerance of
Arabidopsis by ectopic expression of a peanut 9-cisepoxycarotenoid
dioxygenase gene. Biochem. Biophys. Res. Commun., 347: 1030-1038.

Wardlaw, A. C., 1985, Practical Statistics for Experimental Biologists. pp. 106-110.

*Wells, M. A., Grichar, G. S., Smith, O. D. and Smith, D. H., 1994, Response of selected
peanut germplasm lines to leaf spot and southern stem rot. Oleagineux,
49: 21-26.

*White, J., 1908, The occurrence of an impermeable cuticle on the exterior of certain seeds.
Proceedings Royal Society, 21:203-210.

Wynne, J. C. and Gregory, W. C., 1981, Plant breeding. Adv. Agron., 34: 39-71.

Wynne, J.C. and Halward, T., 1989, Cytogenetics and genetics of Arachis. P1ant Sci., 8:189-
220.

Wynne, J. C. and Iseib, T. G., 1978, Cultivar x environment interaction in peanut yield tests.
Peanut Sci., 5: 102-105.

*Xue, H. Q. and Holbrook, C. G., 1998, Evaluation of peanut breeding lines for resistance to
leaf spot. Biological and Cultural Tests and Control Plant Diseases, 14 : 80.



Yadav, T. P., Verma, S. S., Chandglram and Yadav, I. S., 1989, Genetic variability for seed
dormancy in peanut. In national Symposium on recent Advances in Genetics and
Plant Breeding Research In India, B.H.U., Varanasi, India.

Yashoda M. H., Gowda, M. V. C. and Basavaraj, S., 2007. Genotypic variation for chemical
composition in confectionary groundnuts. J. Oilseeds Res., 24(2): 302-305.

Yashoda, M.H., 2005, Evaluation of bold seeded groundnuts for confectionary characteristics
in groundnut. M.Sc. (Agri) Thesis, Univ. Agric. Sci., Dharwad, Karnataka (India).

Zade, V. R., Deshmukh, S.N. and Reddy, P.S. 1986, Magnitude of dormancy in the released
virginia group cultivars of groundnut. Seed Res., 14:235-238.

* Originals not seen




Appendix I: Monthly meteorological data during crop growth period (2009-10) and the average of 59 years (1950-2009) at Main Agricultural
Research Station, UAS, Dharwad

Rainfall (mm) Temperature (°C) Relative humidity (%)
Months Mean maximum Mean minimum
2010-11 1950-2009 01011 19502000 01011 19502000 2010-11 1950-2009

April 43.8 39.0 36.5 36.0 21.1 20.1 81.0 78.0
May 63.1 68.0 35.5 34.4 215 20.9 84.0 75.6
June 63.4 107.9 30.3 28.8 20.9 21.7 77.0 86.4
July 155 136.7 26.0 28.7 20.9 20.9 88.0 89.2
August 190.7 155.8 28.1 26.9 20.6 20.1 80.0 88.7
September 164.9 133.6 28.5 28.2 20.7 19.9 83.0 86.8
October 177 93.6 29.3 30.2 18.8 18.7 65.0 79.7
November 92.8 52.6 28.6 29.7 18.0 15.9 69.0 73.7
December 0.6 2.6 28.8 28.9 15.4 13.2 66.0 69.3
January 0.8 0.05 28.2 29.7 15.5 13.9 63.0 64.9
February 0.4 0.5 324 32.2 17.3 16.5 50.0 54.5
March 0 15.6 35.6 33.7 20.3 19.7 49.0 64.5
Total 908.7 806.2




Appendix ll: Character mean of RIL population during summer

oFf | RUSt@ | LLS@ | Rust@ | LLS@ | Rust@ | LLS@ | HKW | SP | SMK | KY DPY DPY '“‘e:fs“y D”rgf‘m“

70 70 80 80 90 90 (9) (%) (%) | (g/plant) | (g/plant) | (kg/ha) dormancy | dormancy

141 3650 | 200 | 200 | 300 | 300 | 350 | 450 |41.00]66.00] 8418 641 969 | 1251.74| 000 4.5
2/2-1 36.00| 0.00 | 200 | 300 | 300 | 400 | 350 |43.00]67.75]92.89 | 6.60 974 [ 1109.05| 5.00 3.44
3/31 3750 200 | 2.00 | 3.00 | 300 | 350 | 3.00 |43.00]51.50]72.22| 8.65 16.95 | 157763 | 20.00 3.14
4/41 3750 3.00 | 200 | 3.00 | 300 | 400 | 3.00 |34.00]5000]71.33| 826 1657 | 1563.97 | 0.00 452
5/5 3650 | 200 | 200 | 3.00 | 400 | 350 | 450 |4250 6225|8057 | 8.71 1401 | 1580.69 | 50.00 17.22
6/6 36.00 | 200 | 200 | 300 | 300 | 350 | 4.00 |4850 7150 | 91.08| 8.41 11.78 [ 1371.16 | 0.00 4.5
771 3650 | 0.00 | 0.00 | 350 | 350 | 350 | 4.00 |27.23 3561|6944 | 4.06 1141 [ 1607.87 | 10.00 4.5
8/82 3650 | 200 | 200 | 3.00 | 350 | 450 | 450 |33.00]5200|71.82| 668 12.83 | 1515.06 | 0.00 4.5
9/9 36.00 | 200 | 0.00 | 300 | 350 | 450 | 450 |45.00|66.75]81.95| 1154 | 1734 | 1458.46 | 15.00 2.84
10/101 [ 3650 200 | 0.00 | 3.00 | 350 | 450 | 4.00 |31.50 4975|6565 596 1108 | 164823 | 0.00 4.5
11111 [ 37.00] 1.00 | 200 | 300 | 350 | 400 | 450 |38.00 4475|7540 | 6.25 13.96 | 145730 | 50.00 11.26
12/131 [ 37.00] 000 | 200 | 300 | 400 | 3.00 | 4.00 |36.00]5000] 6474 847 1695 | 173526 | 0.00 4.5
13/14-1a [ 37.00 | 200 | 2.00 | 300 | 300 | 350 | 350 |4450 6450 81.09| 1011 | 1573 | 2467.29| 0.00 4.5
147142 [ 37.00] 200 | 250 | 3.00 | 300 | 400 | 450 |37.98|57.50|78.00 | 7.14 1244 [ 175261 10.00 4.5
1515 [39.00 | 0.00 | 200 | 300 | 350 | 400 | 350 |41.50 |52.00|73.00| 6.38 1234 [ 1776.40 | 10.00 4.5
16/16 | 4050 | 2.00 | 250 | 3.00 | 3.00 | 500 | 400 |41.00 | 6650|8922 7.24 10.87 129626 | 0.00 4.5
1717-a | 3950 | 0.00 | 0.00 | 3.00 | 300 | 400 | 450 |41.00]6925]93.16| 11.85 | 17.06 | 1823.74 | 20.00 6.30
1818 | 4050 | 2.00 | 200 | 3.00 | 3.00 | 450 | 450 |39.50 | 66.25 | 89.56 | 9.00 1358 | 1964.89 | 0.00 4.5
1919 [41.00 | 000 | 000 | 300 | 3.00 | 400 | 350 |37.02 | 4500|8523 | 482 10.70 | 1442.04 | 0.00 4.5
20/20-1 | 36.00 | 1.00 | 200 | 3.00 | 350 | 400 | 450 |5000 6050|7648 | 684 1131 [ 178355 | 20.00 6.30
21/21 | 36.00| 200 | 250 | 3.00 | 350 | 350 | 450 |4850]70.75|85.71| 884 1245 [ 154554 | 0.00 4.5
22/22A | 36.00 | 2.00 | 200 | 3.00 | 300 | 300 | 350 |52.76 6233 |61.86] 11.18 | 1803 | 1871.45| 10.00 4.5
23/23-2 | 36.00 | 200 | 200 | 350 | 300 | 400 | 350 |4050|51.50 | 8556 | 573 11.05 | 150655 | 40.00 11.02
24/24-1 | 36.00 | 200 | 3.00 | 3.00 | 400 | 400 | 600 |37.00|6275|87.72| 1447 | 2350 | 186093 | 5.00 3.44
25/25 | 3850 | 200 | 200 | 3.00 | 3.00 | 350 | 350 |3650]56.00|86.86| 818 1462 154139 | 25.00 6.25
26/26-1 | 37.00 | 200 | 3.00 | 3.00 | 450 | 400 | 500 |3650|61.25|7262| 9.70 15.80 | 180551 | 0.00 4.5
27/262 | 37.00| 000 | 200 | 3.00 | 400 | 400 | 400 |37.50|72.75 | 87.63 | 9.34 12.85 149513 |  5.00 3.44
28/262b | 37.50 | 2.00 | 1.00 | 3.00 | 350 | 400 | 4.00 |3550] 6050|8542 9.96 1645 | 175248 |  5.00 3.44
29/27-1a | 3650 | 000 | 200 | 3.00 | 350 | 400 | 450 |4050|51.00|77.86 | 9.19 18.00 | 2103.87 | 5.00 3.44
30/27-2 | 3650 | 1.00 | 3.00 | 3.00 | 400 | 400 | 500 |44.00]61.25|9095| 11.75 | 1917 | 1849.35| 20.00 4.81




31/28-2 36.00 2.00 2.00 3.00 3.50 3.50 3.50 | 38.50 | 66.50 | 83.57 9.38 14.11 1751.80 5.00 3.44
32/30-1 36.00 2.00 2.00 3.00 3.50 4.00 450 |[35.00]|70.75]|91.15| 10.68 15.10 1949.63 0.00 4.52
33/34-1 36.00 1.00 2.50 3.50 4.00 5.00 4.50 |45.00 | 69.25 | 90.77 | 12.36 17.85 1811.02 10.00 4.52
34/35 37.50 2.00 2.00 3.00 3.50 3.50 4.00 | 39.50 | 69.50 | 90.82 13.05 18.76 1343.23 15.00 5.66
35/36 39.50 3.00 3.00 3.50 3.50 5.00 3.50 | 39.50 | 63.00 | 72.75 9.65 15.29 1426.53 5.00 3.44
36/38 36.50 2.00 3.00 3.00 3.50 3.50 4.00 |46.00 | 63.50 | 82.44 | 10.12 15.92 1932.80 0.00 4.52
37/39-2 36.00 0.00 0.00 3.50 4.00 4.50 5.00 [ 39.00 | 58.50 | 86.76 | 11.98 20.48 1929.97 10.00 4.52
38/41-2 36.00 2.00 3.00 3.50 3.50 4.50 5.00 | 46.00 | 62.50 | 75.36 8.88 14.26 1747.21 10.00 4.52
39/42 36.50 1.00 2.00 3.00 3.00 4.00 450 |41.50 | 64.00 | 85.77 | 10.52 16.43 1275.05 0.00 4.52
40/43-1 36.00 2.00 2.50 3.50 4.00 4.50 5.00 | 36.50 | 59.75 | 92.72 8.69 14.51 1402.54 60.00 38.21
41/44 36.50 2.00 2.50 3.00 3.50 5.00 4.00 | 45.00 | 69.75 | 90.51 8.02 11.50 1331.63 10.00 4.52
42/45-3 36.00 2.00 2.00 3.00 3.00 3.50 3.50 | 42.50 | 59.00 | 89.07 7.34 12.48 1532.13 5.00 3.44
43/46-1 38.50 2.00 3.00 3.00 3.00 3.50 3.50 | 40.50 | 63.00 | 87.15 7.72 12.28 1700.48 0.00 4.52
44/47-1 37.50 2.00 2.00 3.00 3.50 3.50 4.50 |46.50 | 70.50 | 79.10 11.70 16.57 | 2194.88 0.00 4.52
45/48 38.00 1.00 2.00 3.00 3.50 3.00 3.50 | 40.50 | 63.75 | 87.07 9.90 15.50 1710.66 15.00 5.66
46/49 36.00 2.00 2.50 3.50 3.50 3.50 4.00 | 33.50 | 60.75 | 81.90 9.90 16.31 1671.79 30.00 7.73
47/50-2 36.50 0.00 2.50 3.50 3.50 3.50 4.50 |45.00 | 71.75 | 83.81 10.12 14.12 1958.84 5.00 3.44
48/51 36.50 2.00 2.00 3.00 3.00 4.50 3.50 | 42.00 | 73.50 | 90.46 7.54 10.25 1587.69 55.00 9.56
49/52-2 36.00 0.00 2.50 3.00 3.00 3.50 4.50 | 41.00 | 65.50 | 84.99 10.49 16.04 1499.52 15.00 5.66
50/53 36.50 2.00 2.50 3.00 3.50 4.00 4.50 | 38.00 | 68.25 | 89.75 8.65 12.76 11569.72 5.00 3.44
51/55 36.50 2.00 2.00 3.00 3.50 4.50 3.00 | 39.50 | 70.25 | 83.99 9.04 12.86 1868.11 20.00 6.30
52/56-2 36.00 0.00 2.00 3.00 3.00 3.50 3.00 | 38.00 | 68.50 | 73.46 8.70 12.78 1530.21 0.00 4.52
53/57 36.50 1.00 2.00 3.00 3.00 4.00 3.00 | 35.50 | 64.25 | 82.41 7.45 11.61 1726.69 20.00 6.30
54/60-1b 36.50 2.00 2.00 3.00 3.00 4.00 3.00 | 34.50 | 68.75 | 81.91 10.55 15.31 1699.50 15.00 5.66
55/62 37.00 2.00 2.00 3.00 3.00 3.00 3.00 |42.18 | 74.03 | 80.84 8.27 11.18 1825.80 5.00 3.44
56/63 36.00 2.00 2.00 3.00 3.50 4.00 3.00 | 45.50 | 60.50 | 89.71 9.56 15.74 1619.82 15.00 5.66
57/64-1 36.50 2.00 2.00 3.00 3.00 4.50 3.00 | 35.25 | 62.07 | 75.59 8.48 13.63 | 2009.23 0.00 4.52
58/65 37.00 2.00 2.00 3.00 3.00 3.50 3.00 | 48.98 | 57.50 | 81.52 12.74 22.14 1816.09 0.00 4.52
59/68 38.50 0.00 0.00 3.00 3.00 3.50 3.00 [ 37.50 | 63.00 | 94.15 | 13.93 2215 | 2281.37 0.00 4.52
60/69 37.50 0.00 0.00 3.00 3.00 3.50 3.00 | 38.38 | 72.75 | 92.22 11.68 16.05 1427.25 0.00 4.52
61/70-2 37.50 0.00 2.00 3.00 3.00 3.00 3.00 | 42.41 | 63.42 | 86.43 7.86 12.33 1649.70 0.00 4.52
62/71-1 40.00 0.00 0.00 3.00 3.00 3.00 3.00 | 37.00 | 62.50 | 86.12 8.47 13.53 1528.11 10.00 4.52
63/72-1 39.00 2.00 2.00 3.00 3.00 3.00 3.00 |47.41|70.00 | 85.75 9.23 13.17 1822.79 0.00 4.52
64/73-1 39.00 1.00 0.00 3.00 3.00 4.00 3.00 [33.24 | 7350|9194 | 10.33 14.11 1334.26 25.00 6.71
65/76-1 36.50 2.00 0.00 3.00 3.00 3.00 3.00 |41.00 | 62.25 | 85.74 8.36 13.55 1740.96 5.00 3.44




66/77-1 38.00 1.00 0.00 3.00 3.00 3.00 3.50 | 35.00 | 60.75 | 76.14 9.33 15.41 1655.23 0.00 4.52
67/78-2 38.00 1.00 0.00 3.00 3.00 4.00 3.00 | 38.50 |68.75|77.84 | 13.35 19.41 1773.37 20.00 6.30
68/79 38.00 0.00 0.00 3.00 3.00 3.50 3.00 [41.00 | 70.50 | 90.36 | 10.89 15.42 | 2130.68 0.00 4.52
69/80-1 38.00 2.00 0.00 3.00 3.00 3.50 3.00 | 42.00 | 61.00 | 92.83 7.26 11.81 2154.32 0.00 4.52
70/81 37.50 0.00 0.00 3.00 3.00 4.00 3.00 | 46.50 | 73.50 | 91.79 11.72 15.95 1977.76 20.00 6.30
71/82a 37.00 2.00 2.50 3.00 4.00 3.50 4.00 | 41.00 | 69.25 | 80.10 10.40 15.00 1738.75 5.00 3.44
72/83-1 37.50 2.00 2.00 3.00 3.00 3.50 3.00 | 29.00 | 67.50 | 84.73 11.14 16.64 1834.27 50.00 8.00
73/84-1 38.50 0.00 2.50 3.00 4.00 3.50 4.00 | 36.50 | 72.25 | 81.97 7.28 10.05 1283.08 10.00 4.52
74/85-1 40.00 2.00 0.00 3.00 3.00 3.00 3.00 |32.50 | 76.75|8217 | 12.01 15.63 1527.98 0.00 4.52
75/87 40.00 1.00 2.50 3.00 3.00 3.50 3.50 | 32.50 | 74.50 | 88.32 9.54 12.80 1589.70 0.00 4.52
76/88 39.00 2.00 2.00 3.00 3.00 4.00 3.00 [47.50 | 7575|8044 | 11.40 15.05 1359.36 5.00 3.44
77/90-1 39.50 2.00 3.00 3.00 3.50 3.50 4.00 |41.10 | 61.25 | 86.38 5.66 9.28 1336.61 10.00 4.52
78/91-1 38.50 0.00 2.00 3.00 3.00 3.50 3.00 | 36.00 | 72.00 | 80.96 9.24 12.85 1450.23 5.00 3.44
79/92-1 38.50 0.00 2.00 3.00 4.00 4.00 4.00 | 34.00 | 67.75 | 79.87 8.68 12.78 1586.68 75.00 14.73
80/93-1 38.00 2.00 0.00 3.00 3.00 4.00 3.50 | 43.00 | 66.25 | 86.99 15.19 22.98 1339.61 70.00 12.09
81/94 39.00 2.00 2.00 3.00 3.50 3.00 3.00 | 37.00 | 67.00 | 93.41 9.05 13.48 1926.03 0.00 4.52
82/95-1 39.00 2.00 2.00 3.50 3.00 3.50 3.00 [42.00 | 62.50 | 81.26 | 11.38 18.21 1530.21 0.00 4.52
83/96 38.00 0.00 0.00 3.50 3.00 3.50 3.00 [43.00 | 71.75]90.54 | 13.41 18.68 | 2137.29 5.00 3.44
84/97 37.00 0.00 2.00 3.50 3.00 4.00 3.00 | 43.50 | 70.50 | 93.65 9.51 13.49 | 2056.25 90.00 34.43
85/98-1 37.00 0.00 2.00 3.50 3.00 3.00 3.00 | 37.50 | 62.75|89.46 | 11.91 19.00 | 2351.58 10.00 4.52
86/101 37.00 0.00 0.00 3.50 3.50 3.50 3.50 | 41.50 | 68.50 | 90.88 7.21 10.58 1880.71 0.00 4.52
87/102 38.50 2.00 2.00 3.50 3.50 4.00 4.00 | 37.50 | 62.75 | 83.80 14.05 22.45 1954.75 5.00 3.44
88/103 38.00 1.00 1.00 3.00 3.50 3.00 3.50 | 42.00 | 60.25 | 84.68 8.39 13.86 1886.29 5.00 3.44
89/105-1 37.00 2.00 2.50 3.50 3.50 3.50 3.50 [ 39.50 | 67.25 | 88.25 | 10.39 15.35 | 2006.78 95.00 15.37
90/106-1 37.00 2.00 2.00 4.00 3.50 4.50 3.50 | 38.50 | 67.00 | 92.14 8.35 12.46 1966.98 35.00 9.04
91/106-2 36.50 2.50 2.00 4.00 3.50 4.50 4.00 | 40.00 | 60.25 | 79.58 8.87 14.71 1813.54 65.00 14.93
92/107 37.50 2.50 0.00 4.00 3.50 4.50 3.50 | 46.50 | 66.50 | 83.39 9.99 15.10 | 2082.53 10.00 4.52
93/108 36.50 2.00 2.00 3.50 3.50 4.00 4.00 | 47.50 | 68.00 | 84.87 9.85 14.50 | 2239.56 0.00 4.52
94/109-1a | 36.00 2.00 2.00 3.00 3.50 3.50 3.50 [40.00 | 69.00 | 78.84 | 12.76 18.50 1975.42 5.00 3.44
95/110 37.00 1.00 2.00 3.50 3.50 3.50 4.00 |43.00 | 72.75 | 92.30 12.34 17.00 1914.94 25.00 6.71
96/113 36.50 0.00 0.00 3.50 3.50 3.50 3.50 [43.00 | 71.25|89.98 | 10.90 15.28 1840.62 25.00 6.71
97117 37.00 0.00 2.00 3.00 3.00 3.00 3.00 | 43.43 | 67.50 | 94.53 11.72 17.38 | 2479.58 0.00 4.52
98/120 37.00 2.00 2.00 3.00 3.00 3.00 3.00 | 46.00 | 70.75 | 92.02 13.78 19.49 | 2227.03 30.00 7.33
99/121 39.50 0.00 0.00 3.00 3.00 3.00 3.00 | 42.50 | 56.25 | 84.07 9.20 16.36 | 2188.34 0.00 4.52
100/122 37.00 0.00 0.00 3.00 3.00 3.00 3.00 |43.00 | 7050|8256 | 12.41 17.57 | 2157.70 5.00 3.44




101/123-1 | 36.50 2.00 2.00 3.00 4.00 3.50 4.50 | 37.00 | 60.50 | 89.64 7.72 12.83 1608.99 0.00 4.52
102/124-1 | 36.50 2.00 2.00 3.00 3.50 4.50 4.00 | 36.00 | 64.75 | 86.54 8.74 13.55 1722.59 15.00 5.66
103/125-1 | 36.00 0.00 2.00 3.50 3.50 3.50 4.00 | 39.00 | 70.50 | 89.19 11.10 15.72 1820.97 35.00 8.58
104/126 37.00 0.00 2.00 3.00 3.50 3.50 3.50 |43.00 | 70.50 | 92.13 13.77 19.56 | 2185.82 55.00 12.13
105/127 37.50 2.00 2.00 3.00 3.00 3.50 3.50 | 44.00 | 67.50 | 91.20 7.67 11.37 1779.34 0.00 4.52
106/129-2 | 37.00 1.00 2.00 3.00 3.50 3.50 4.00 | 41.50 | 69.25 | 90.91 7.82 11.32 1734.69 40.00 7.50
107/130-1 | 36.00 0.00 2.00 3.00 3.50 3.50 4.00 | 39.00 | 66.50 | 85.49 11.24 16.89 1890.94 0.00 4.52
108/131-1 | 37.00 0.00 2.00 3.00 3.50 3.50 3.50 | 43.00 | 66.00 | 97.16 7.26 11.00 1677.36 20.00 6.30
109/131-2 | 37.50 2.00 2.00 3.50 3.50 4.00 4.50 | 37.00 | 75.25 | 90.63 10.89 14.38 1605.45 10.00 4.52
110/131-2a | 36.50 0.00 2.00 3.00 3.00 3.50 3.50 | 35.50 | 69.25 | 86.54 | 12.90 18.71 2500.57 80.00 13.00
111/132-3 | 38.00 2.00 2.00 3.00 3.50 4.50 4.00 | 42.00 | 65.00 | 87.92 8.44 13.02 1940.66 50.00 11.26
112/133-1 | 37.00 1.00 2.00 3.00 3.50 3.50 4.00 | 44.50 | 63.75 | 86.20 8.42 13.22 | 2047.00 5.00 3.44
113/134 38.50 2.00 2.00 4.00 4.00 4.50 4.50 |40.55 | 60.66 | 89.47 | 10.77 17.75 1656.54 0.00 4.52
114/i1-1 38.50 2.00 2.00 3.50 3.00 4.50 4.00 | 35.50 | 67.00 | 87.53 10.19 15.25 1566.08 35.00 7.25
115/i2-2 37.00 2.00 2.50 3.00 3.00 3.50 3.50 |48.00 | 70.50 | 89.26 | 12.20 17.35 1946.63 0.00 4.52
116/i3-1 37.50 2.00 2.00 3.50 3.00 4.50 3.50 | 40.50 | 67.75 | 90.28 8.54 12.64 1595.26 5.00 3.44
117/i3-2 38.00 2.00 2.00 3.50 3.00 3.50 3.50 |36.38 | 67.50 | 93.84 | 11.77 17.42 | 2227.80 0.00 4.52
118/i4-1 38.50 2.00 2.50 3.50 3.50 4.50 3.50 | 33.67 | 65.25|95.15| 10.13 15.55 | 2112.97 5.00 3.44
119/i4-2a | 39.00 2.00 2.00 3.50 3.00 4.00 3.00 | 34.50 | 64.75 | 91.23 8.28 12.81 2130.38 5.00 3.44
120/i4-3 39.00 0.00 0.00 3.00 3.00 4.00 3.50 | 36.00 | 73.25 | 90.04 7.77 10.61 1721.76 0.00 4.52
121/i5-1 40.00 0.00 0.00 3.00 3.00 4.50 3.50 | 38.50 | 75.50 | 89.03 11.10 14.69 1613.77 10.00 4.52
122/i5-2 37.00 0.00 3.00 3.00 4.00 3.50 4.00 [29.22|70.75|81.44 | 10.33 14.60 1498.77 0.00 4.52
123/i6-1 35.50 2.00 2.00 3.00 3.50 3.50 5.00 | 38.00 | 72.25 | 77.89 12.55 17.35 | 2114.92 0.00 4.42
124/i7 36.50 0.00 2.00 3.00 3.00 3.00 3.00 | 35.00 | 73.25 | 79.38 8.06 11.00 1799.38 5.00 3.44
125/i7-3 38.50 0.00 1.00 3.00 3.00 3.00 3.50 | 38.00 | 70.75 | 87.36 9.96 14.07 1810.54 0.00 4.52
126/i8-2 40.50 2.00 2.00 3.00 4.00 3.50 4.00 | 30.71 | 61.25 | 62.49 9.69 15.78 1704.76 5.00 3.44
127/i9-1 38.50 2.00 3.00 3.50 4.00 4.50 5.00 | 35.00 | 56.25 | 90.18 7.56 13.45 | 2146.61 40.00 7.50
128/i9-2a | 40.00 2.50 0.00 4.00 4.50 5.50 5.00 | 33.50 | 61.75 | 78.09 6.23 10.08 1943.94 15.00 5.66
129/i9-2b | 38.50 2.00 2.50 3.00 4.00 5.50 4.50 | 38.50 | 63.75 | 79.86 9.39 14.77 1960.18 0.00 4.52
130/i16-1 38.50 2.00 2.00 3.00 4.00 4.50 3.50 |41.00 | 74.25 | 91.09 9.01 12.14 1870.76 45.00 7.75
131/i16-2 | 38.00 2.00 2.50 3.50 4.50 4.00 5.50 | 48.07 | 76.00 | 88.28 8.13 10.70 1341.48 5.00 3.44
132/i17-2a | 38.00 2.00 3.00 3.50 4.50 4.50 5.00 |40.00 | 70.50 | 79.06 | 14.11 20.00 | 2043.81 0.00 4.52
133/i17-2b | 38.00 2.00 2.00 3.00 3.50 4.00 4.50 |43.00 | 71.00 | 90.33 7.37 10.30 1783.53 10.00 4.52
134/i26-1 37.50 0.00 2.00 3.00 3.50 3.50 3.50 | 42.50 | 73.75 | 89.87 9.40 12.75 1905.84 15.00 5.66
135/i29-1 36.50 2.00 2.00 3.50 3.00 4.50 3.00 [39.50| 7150 ]89.85| 11.32 15.84 1674.81 45.00 9.34




136/i29-2a | 38.50 0.00 0.00 3.00 3.00 3.00 3.00 | 43.00 | 69.75 | 96.63 13.08 18.73 | 2042.98 5.00 3.44
137/i29-2b | 38.50 0.00 0.00 3.00 3.00 3.00 3.00 | 43.50 | 75.25 | 92.50 13.82 18.35 1513.85 0.00 4.52
138/i39-1 39.00 0.00 0.00 3.00 3.50 3.00 4.00 | 39.00 | 74.75 | 90.23 12.68 16.96 | 2059.16 0.00 4.52
139/i39-2 | 36.50 2.50 2.00 3.50 3.50 4.50 3.50 | 41.00 | 66.00 | 87.83 10.10 15.34 1943.22 10.00 4.52
140/i39-3 | 36.00 2.00 0.00 4.00 3.00 5.00 5.50 [40.50 | 73.50 | 88.95 | 15.30 20.81 1796.42 20.00 6.30
141/ii1-1 37.50 2.00 0.00 3.00 3.00 3.00 3.00 | 37.00 | 66.25 | 75.64 | 11.65 17.60 1579.05 0.00 4.52
142/ii1-2 38.00 2.00 2.00 3.50 3.00 4.50 3.50 | 48.01 | 45.00 | 72.48 7.88 17.28 1897.26 0.00 4.52
143/ii2-1 39.00 2.50 2.50 3.50 3.00 4.50 3.50 | 35.50 | 56.00 | 47.50 6.43 11.46 1706.48 0.00 4.52
144/ii7-1a_ | 39.00 2.50 0.00 3.50 4.00 4.50 5.00 | 38.50 | 57.50 | 71.33 8.49 14.77 1381.38 15.00 5.66
145/ii7-1b | 38.50 2.00 2.00 3.00 4.00 3.50 4.50 | 35.50 | 57.25 | 91.92 10.95 19.16 1746.15 10.00 4.52
146/ii7-2 37.00 2.00 2.00 3.00 3.50 3.00 3.50 | 35.00 | 74.25 | 92.89 12.42 16.78 1854.48 0.00 4.52
147/ii18-1 | 38.50 0.00 2.00 3.00 3.50 3.00 3.50 | 28.31 | 51.75 | 78.28 8.90 17.16 1729.59 10.00 4.52
148/ii18-2 | 36.50 0.00 0.00 3.50 3.00 5.00 3.50 [40.00 | 72.25 | 89.94 | 10.48 14.53 1789.70 0.00 4.52
149/ii18-3 | 37.50 2.50 2.00 3.50 3.50 4.00 3.50 [42.39 | 55.50 | 74.75 | 10.57 19.06 1665.09 10.00 4.52
150/ii30-1 | 37.50 2.00 1.00 3.50 3.50 5.50 3.50 | 40.00 | 57.50 | 67.32 9.93 17.31 2503.48 10.00 4.52
151/ii33-2 | 37.50 2.00 2.00 3.00 3.00 3.00 4.00 | 45.00 | 61.00 | 83.11 10.33 17.03 1881.65 5.00 3.54
152/ii41-1 | 37.50 0.00 2.00 3.00 3.00 3.50 4.00 | 35.50 | 74.00 | 80.56 | 11.16 15.10 | 2086.01 0.00 4.52
153/1-1 37.50 2.00 2.00 3.00 4.00 4.00 4.00 | 45.00 | 54.00 | 78.70 7.10 13.23 | 2058.93 0.00 4.52
154/2-2 38.50 2.00 2.00 3.50 3.00 4.00 4.50 | 41.00 | 65.00 | 65.20 10.87 16.77 | 2028.99 20.00 6.30

155/4 37.00 2.00 2.00 3.50 3.00 4.00 4.50 | 41.50 | 65.25 | 82.93 8.95 13.74 1995.63 15.00 5.66
156/5-1 37.00 2.00 2.00 3.50 3.50 4.50 4.50 | 39.50 | 68.00 | 84.04 | 12.50 18.29 | 2469.37 15.00 5.66
157/6b-2 38.00 0.00 2.00 3.00 4.00 4.00 5.00 | 41.00 | 61.25 | 84.91 13.30 21.77 | 2550.56 0.00 4.52
158/7-1 37.00 2.00 2.00 3.00 4.00 4.50 4.00 | 44.00 | 70.75 | 85.55 9.54 13.50 | 2158.47 30.00 7.00
159/9-1 36.50 2.00 2.00 3.00 4.50 3.50 5.00 | 44.64 | 57.61 | 84.41 9.16 15.98 | 2248.08 5.00 3.44
160/11-1 37.50 2.50 2.00 3.00 4.50 4.50 5.00 [41.50 | 72.00 | 89.47 | 10.43 14.48 | 2023.39 75.00 13.24
161/12-1 37.00 2.00 2.00 4.00 4.50 5.50 4.50 | 36.50 | 65.25 | 91.83 9.51 14.57 | 2246.56 20.00 6.30
162/13-1 36.50 2.50 2.00 4.00 4.00 4.50 4.00 | 42.00 | 64.75 | 67.39 11.76 18.15 | 2568.66 5.00 3.44
163/14-1 37.00 1.00 2.00 3.50 3.50 5.00 4.00 [42.50|69.00 | 91.36 | 12.38 18.00 | 2238.84 0.00 4.52
164/15-2 37.50 2.00 2.00 3.50 3.50 4.00 3.50 | 43.00 | 60.00 | 93.71 8.37 14.00 | 2026.79 0.00 4.52

165/16 37.00 1.00 1.00 3.50 3.50 5.50 3.50 | 38.50 | 70.00 | 97.57 8.40 12.00 | 2373.13 100.00 18.12
166/17-1 37.50 2.00 2.00 4.00 4.50 4.00 5.00 |40.00 | 67.75 | 80.77 | 13.67 20.18 1687.59 15.00 5.66

167/19 37.50 2.00 2.00 4.00 4.50 6.00 5.00 | 33.50 | 60.75 | 88.62 7.89 12.93 1448.18 20.00 6.30
168/21-1 36.50 2.00 2.00 4.00 4.00 4.50 450 [47.99 | 55.00 | 87.14 | 10.26 18.67 1869.78 5.00 3.44
169/24-1a | 37.50 2.50 2.50 4.00 4.50 4.00 4.50 | 43.00 | 54.00 | 79.88 8.84 16.46 | 2564.44 0.00 4.52
170/26-2 36.50 2.00 3.00 3.50 3.50 4.50 5.00 | 42.00 | 57.00 | 79.91 9.70 16.99 1998.49 25.00 6.71




171/27-3 36.00 2.00 3.00 3.50 3.50 6.00 4.50 | 43.00 | 70.00 | 77.88 9.96 14.24 1944.11 10.00 4.52
172/28-1 38.00 2.00 2.00 4.00 3.00 6.00 4.00 | 38.00 | 72.75 | 89.42 11.41 15.73 1463.51 60.00 19.54
173/30-1 38.00 0.00 2.00 3.50 4.50 3.50 5.50 | 37.00 | 61.00 | 81.31 10.23 16.76 | 2449.34 0.00 4.52
174/32-1 36.50 2.00 2.00 3.00 3.00 4.00 4.50 | 29.57 | 55.75 | 70.91 11.72 20.96 | 2282.84 10.00 4.52
175/33-1 36.50 2.00 2.00 3.00 3.00 5.00 450 |41.00 | 66.50 | 89.16 | 11.76 17.61 2126.18 15.00 5.66
176/33-3a | 37.00 2.00 2.00 3.50 3.50 5.00 4.00 | 47.50 | 63.00 | 72.50 12.61 20.00 1982.55 30.00 7.00
177/33-3b | 37.00 2.00 0.00 3.50 3.50 3.50 3.50 | 37.30 | 60.00 | 74.04 9.63 16.06 | 2779.43 5.00 3.44

178/51 37.50 2.00 2.00 3.50 3.50 3.50 3.50 [42.00 | 58.50 | 72.94 | 10.83 18.50 | 2346.31 0.00 4.52
179/37-2 40.00 0.00 0.00 3.00 3.00 4.00 3.50 |41.69 | 53.00 | 74.75 | 10.31 19.57 1696.13 0.00 4.52

180/38 38.50 2.50 2.50 3.50 3.50 4.00 4.00 |49.62 | 70.00 | 67.57 | 11.08 15.86 | 2102.67 0.00 4.52
181/39-3 38.00 1.00 3.00 3.00 3.00 4.00 3.00 | 32.50 | 61.25 | 86.61 12.67 20.75 | 2186.27 10.00 4.52

182/40 38.00 2.00 2.00 3.50 3.50 3.50 3.50 |47.50 | 61.00 | 94.12 10.85 17.73 | 2052.32 0.00 4.52
183/41-1 38.50 2.50 3.50 3.00 3.50 4.50 4.00 | 33.50 | 48.75 | 85.41 10.95 2250 | 2275.41 65.00 22.00
184/42-1 38.50 2.50 2.00 3.50 3.00 4.50 3.00 | 40.44 | 63.96 | 81.92 11.71 18.19 | 2151.81 0.00 4.52
185/43-2 38.00 2.00 2.00 3.50 3.50 3.50 4.50 | 34.00 | 63.00 | 81.23 9.13 14.39 1909.34 10.00 4.52
186/45-2 39.00 2.00 2.00 3.00 3.00 4.00 3.50 | 30.50 | 62.00 | 59.99 9.55 15.37 1812.69 0.00 4.52
187/46-1 39.00 1.00 2.00 3.00 3.00 3.50 3.00 | 38.00 | 66.50 | 80.83 10.52 15.87 | 2269.01 10.00 4.52

188/48 39.00 2.00 2.50 3.50 3.50 4.00 450 [39.00|61.25|72.06 | 11.78 19.25 | 2054.61 20.00 6.30

189/49 39.00 0.00 3.00 3.50 4.00 3.50 5.00 | 38.50 | 60.50 | 89.46 | 11.01 18.18 1643.37 10.00 4.52
190/50-2 38.50 0.00 3.00 3.50 4.00 3.50 4.50 | 36.50 | 57.75 | 81.20 8.92 15.45 | 2066.70 0.00 4.52
191/51-1 39.00 0.00 2.00 4.00 3.50 4.00 3.50 | 41.50 | 60.00 | 67.33 13.90 23.36 1945.98 15.00 5.66
192/52-3 39.50 2.00 2.50 3.50 4.00 3.50 4.50 |45.00 | 68.00 | 95.34 | 10.16 14.90 | 2290.19 0.00 4.52
193/53-2 39.50 2.00 2.50 3.00 3.50 3.50 3.50 |44.00 | 74.25|81.24 | 14.01 18.87 | 2399.23 10.00 4.52
194/54-1 39.00 2.00 3.00 3.00 3.50 4.00 4.00 [46.50 | 69.75 | 84.84 | 11.69 16.81 2061.28 10.00 4.52
195/56-2 39.50 2.50 2.00 3.50 3.00 3.50 4.00 | 40.00 | 56.25 | 83.87 7.08 12.68 1923.15 85.00 11.71
196/57-1 39.50 2.00 2.50 3.50 3.50 3.50 4.00 | 37.50 | 68.75 | 89.44 7.27 10.53 | 2627.54 40.00 7.50
197/58-1 39.00 2.00 2.00 3.50 3.50 3.00 3.50 | 45.50 | 68.75 | 81.91 13.81 20.10 | 2173.48 0.00 4.52
198/59-1 38.00 2.00 2.00 3.00 3.50 3.00 3.50 | 36.00 | 73.25 | 88.79 11.71 16.00 | 2127.67 25.00 6.71
199/59-3 38.50 2.00 2.00 3.00 4.00 3.00 3.50 | 31.55 | 60.00 | 91.30 9.67 16.22 | 2078.14 10.00 4.52
200/60-1 39.50 2.00 2.00 3.00 3.00 3.00 3.50 | 35.50 | 66.00 | 91.35 | 14.03 21.23 1846.34 5.00 3.44
201/60-2 38.50 2.00 2.00 3.00 3.50 3.50 4.00 |33.50 | 7125|9055 | 11.71 16.39 | 2282.14 5.00 3.44

202/60 39.00 2.00 3.00 3.00 4.00 4.00 4.50 | 41.00 | 63.00 | 91.85 9.32 14.76 1891.06 75.00 12.33
203/60-3 38.00 2.00 0.00 3.00 3.50 4.00 3.50 | 42.50 | 69.00 | 98.80 11.43 16.60 1656.67 10.00 4.52
204/62-2 38.00 1.00 0.00 3.00 3.00 4.50 3.00 | 40.00 | 61.00 | 91.51 10.67 17.50 1901.37 10.00 4.52
205/64-1 37.00 1.00 0.00 3.50 3.00 4.00 3.00 | 39.00 | 63.50 | 90.33 713 11.21 1601.26 0.00 4.52




206/65-1 37.00 1.00 0.00 3.00 3.00 4.50 3.00 | 39.00 | 59.00 | 86.36 8.86 14.96 1684.97 0.00 4.52
207/67-1 38.50 2.00 2.00 3.00 3.50 4.00 4.00 | 51.00 | 75.25 | 88.40 9.31 12.37 | 2156.37 5.00 3.44

208/63 36.00 2.00 2.00 3.50 3.00 4.50 3.50 | 45.00 | 60.25 | 89.16 7.04 11.57 1826.03 0.00 4.52
209/64-3 36.50 2.00 2.00 3.50 3.00 4.00 3.00 | 36.00 | 58.00 | 87.13 7.58 13.04 | 2293.54 90.00 31.81

210/65 37.00 2.00 2.00 3.00 3.00 3.50 3.00 |44.00 | 70.25 | 86.75 | 10.09 14.32 | 2005.06 0.00 4.52

211/66 36.50 0.00 2.00 3.00 3.00 3.00 3.00 | 44.00 | 68.50 | 90.17 9.01 13.05 | 2448.67 5.00 4.52
212/68-1 36.50 0.00 2.00 3.50 3.00 4.00 4.50 |39.50 | 71.75 | 86.29 13.76 19.14 1743.90 0.00 4.52
213/69-2 37.00 2.00 2.50 4.00 4.00 4.00 4.00 | 37.00 | 59.25 | 87.20 8.26 14.01 2103.11 70.00 28.57
214/70-2 37.50 2.00 3.00 3.50 4.00 4.50 4.50 | 38.00 | 66.50 | 75.70 10.96 16.33 1916.53 40.00 7.49
215/71-1 37.50 2.00 2.50 3.50 4.00 4.00 5.00 | 34.00 | 58.75 | 93.21 9.28 15.81 1998.61 0.00 4.52
216/72-2 37.00 2.00 2.50 3.50 4.50 4.50 4.50 | 41.00 | 59.50 | 83.00 5.62 9.40 2117.39 30.00 7.00
217/73-1 36.50 2.00 2.00 3.00 3.50 4.50 6.00 | 39.00 | 53.25 | 85.38 7.11 13.35 | 2277.63 75.00 8.96
218/74-1 37.50 2.00 2.00 3.00 3.00 4.00 3.50 [49.00 | 63.50 | 89.05 | 13.62 21.34 | 2329.81 5.00 3.44
219/75-1 38.00 2.00 2.00 3.00 3.00 3.50 3.50 |42.50 | 70.50 | 91.20 13.05 18.50 | 2057.90 5.00 3.44
220/76-1 36.50 2.00 2.00 3.50 3.00 4.50 3.00 | 41.00 | 60.00 | 86.30 10.93 18.22 1898.82 50.00 10.29
221/77-1 36.50 2.00 2.50 3.00 3.00 4.00 4.00 |[43.50 | 70.00 | 84.85 | 14.00 20.00 1844.80 0.00 4.52
222/78-1 36.00 2.00 3.00 3.00 3.00 4.00 4.00 | 57.00 | 37.50 | 68.09 6.02 15.39 1965.49 55.00 10.29
223/79-1 37.00 2.00 2.00 3.00 3.00 3.50 4.00 [36.50 | 71.50 | 82.28 | 13.26 18.50 | 2160.40 0.00 4.52
224/80-1 36.50 2.00 2.00 3.00 3.50 3.50 4.00 | 44.00 | 62.50 | 60.09 12.50 20.00 | 2421.82 0.00 4.52
225/82b-2 | 37.50 2.00 2.00 3.00 3.00 4.50 5.00 | 36.50 | 58.00 | 75.31 11.02 19.00 | 2051.76 5.00 3.44
226/84-1 37.00 2.00 2.00 3.00 3.50 4.00 4.00 [41.50 | 62.75 | 84.27 | 12.80 20.40 | 2346.36 10.00 4.52

227/86 37.50 2.00 3.00 3.00 3.50 3.50 5.00 | 31.14 | 49.75 | 62.70 9.91 19.78 | 2625.73 0.00 4.52

228/87 37.50 0.00 2.00 3.00 3.50 3.50 4.50 |41.00 | 69.25 | 78.39 13.47 19.49 | 2507.72 0.00 4.52

229/88 37.50 2.50 2.00 3.00 4.00 4.50 4.00 | 37.50 | 68.25 | 84.67 7.33 10.75 1925.48 0.00 4.52
230/89-1 37.00 2.00 2.00 3.00 3.00 3.00 3.00 [ 39.50 | 63.00 | 86.95 | 11.55 18.41 2503.15 30.00 7.00

231/90 37.00 0.00 2.00 3.00 3.00 3.00 3.00 [ 39.50 | 68.75 | 85.96 | 13.26 19.32 | 2046.71 0.00 4.52
232/92-1 37.00 0.00 2.00 3.00 3.00 3.00 3.00 | 41.50 | 70.75 | 82.33 15.12 21.33 | 2492.95 5.00 3.44
233/91-2 36.00 2.00 2.00 3.00 3.00 3.50 3.00 [ 39.00 | 69.75 | 8254 | 11.90 17.08 | 2698.51 0.00 4.52
234/95-1 36.00 2.00 2.00 3.00 3.00 3.00 3.00 | 33.50 | 66.00 | 85.60 13.63 20.66 | 2294.81 5.00 3.44
235/97-1 37.00 2.00 2.50 3.00 3.50 3.00 3.00 | 43.54 | 51.75 | 84.60 10.36 20.00 | 2535.26 15.00 5.66
236/96-2 37.50 2.00 2.50 3.00 3.50 3.50 4.00 | 37.50 | 68.50 | 66.63 13.49 19.68 | 2813.53 5.00 3.44
237/98-1 38.00 2.00 3.00 3.50 4.00 3.50 4.50 |41.50 | 69.25 | 67.10 11.74 16.95 | 2976.22 20.00 6.30
238/99-1 36.50 2.00 2.00 3.00 3.50 3.50 4.50 | 45.50 | 70.50 | 87.20 13.53 19.20 | 2547.73 0.00 4.52
239/100 38.50 2.00 2.50 3.00 3.00 3.50 3.50 [40.50 | 72.50 | 97.16 | 14.26 19.66 | 2208.01 0.00 4.52
240/101-1 | 39.00 2.00 2.00 3.50 3.00 4.50 3.00 [37.50]76.75]96.75| 15.66 20.38 1862.45 0.00 4.52




241/103-1 | 39.00 | 0.00 2.50 3.50 3.00 4.00 3.00 | 40.00 | 72.50 | 90.63 | 9.82 13.55 | 2463.52 0.00 4.52
242/91-1 | 3750 | 2.00 2.00 3.50 3.00 4.00 3.00 | 36.50 | 77.00 | 90.46 | 9.94 12.93 | 2314.14 | 40.00 7.50
243/94-2 | 3750 | 2.00 2.00 3.00 3.00 3.00 3.00 | 38.00 | 67.75 | 91.38 | 13.65 20.14 | 2501.00 | 10.00 4.52
244/96-3 | 39.50 | 2.00 2.00 3.00 3.00 3.50 4.00 | 3750 | 66.75 | 89.37 | 10.53 15.76 | 2549.16 5.00 3.44
245/i2-1 | 40.00 | 2.00 2.50 3.00 4.00 4.00 450 | 4150 | 70.50 | 95.11 | 13.32 18.87 | 2504.97 | 40.00 7.50
246/3-2 | 40.00 | 2.00 2.00 3.50 4.00 4.50 4.00 | 35.00 | 75.50 | 9557 | 11.88 15.73 | 2143.77 5.00 3.44
247/6b-3 | 39.50 | 0.00 2.50 3.50 4.00 4.50 4.00 | 36.00 | 69.00 | 94.74 | 13.34 19.33 | 2108.44 | 65.00 13.19
248/8-1 | 38.00 | 2.00 2.50 3.50 4.00 4.50 450 | 42.00 | 74.75 | 85.18 | 14.01 18.71 | 2645.24 | 70.00 12.57
249/18b | 38.00 | 0.00 2.50 3.50 3.50 4.00 5.00 | 4250 | 75.50 | 88.15 | 11.19 14.86 | 1967.33 0.00 4.52
250/23-1 | 38.00 | 0.00 2.50 3.50 3.00 4.50 3.00 | 52.00 | 74.25 | 95.31 | 9.30 1253 | 2191.78 | 15.00 5.66
251/29 | 38.00 | 2.00 2.00 3.50 3.00 4.00 3.00 | 45.00 | 72.25 | 92.44 | 7.75 10.73 | 1619.69 | 10.00 4.52
252/32-2 | 37.50 | 2.00 2.00 3.50 3.00 4.50 4.00 | 4150 | 78.25 | 95.79 | 9.1 11.63 | 2065.27 | 15.00 5.66
253/35-2 | 37.50 | 2.00 2.50 3.50 3.00 4.00 5.00 | 46.00 | 75.25 | 9152 | 12.53 16.65 | 2309.87 0.00 4.52
254/39-2 | 38.00 | 2.00 2.50 3.00 3.00 3.00 350 | 43.00 | 69.25 | 95.29 | 11.53 16.68 | 1887.88 | 70.00 12.09
255/40 | 37.50 | 2.00 2.50 3.00 3.00 3.00 3.00 | 4050 | 73.00 | 97.41 | 8.21 11.23 | 1783.36 | 60.00 11.53
256/44 | 37.50 | 2.00 2.00 3.00 3.00 3.00 3.00 | 4150 | 76.00 | 92.30 | 14.77 19.42 | 2669.53 | 10.00 3.44
257/45-3a | 37.50 | 2.00 2.00 3.50 3.00 3.50 3.00 | 42.00 | 65.25 | 91.60 | 11.31 17.33 | 1966.56 | 35.00 8.15
258/57-2 | 38.00 | 2.00 2.00 3.00 3.00 4.50 3.00 | 4250 | 76.25 | 89.33 | 13.14 17.24 | 1773.41 0.00 4.52
259/61-1 | 39.50 | 1.00 2.00 3.50 3.00 4.00 3.00 | 3850 | 62.25 | 82.24 | 8.66 13.95 | 2334.99 | 70.00 33.57
260/66 | 38.50 | 2.00 2.00 3.50 3.00 4.50 4.00 | 36.00 | 65.50 | 94.44 | 12.56 19.10 | 2106.47 | 10.00 4.52
261/81-1 | 39.50 | 0.00 2.00 3.00 3.00 3.00 450 | 22.00 | 45.00 | 42.01 | 5.65 12.56 | 2077.44 0.00 4.52
262/83-3 | 37.50 | 2.00 2.50 3.50 3.50 3.50 5.00 | 3850 | 66.75 | 91.83 | 10.94 16.39 | 2598.70 0.00 4.52
263/85 | 37.00 | 0.00 3.00 3.50 3.50 4.50 550 | 37.00 | 67.50 | 92.06 | 6.00 8.90 |2118.13| 10.00 4.52
264/102-1 | 37.50 | 2.00 2.50 3.00 4.00 4.50 450 | 3850 | 64.75 | 84.75 | 12.39 19.07 | 1417.80 0.00 4.52
265/81-1 | 36.50 | 2.00 2.50 3.50 3.50 4.50 450 | 3750 71.75 | 94.75 | 8.32 1153 | 1576.51 | 80.00 13.44
266/83-3 | 37.00 | 2.00 2.50 3.50 4.00 5.00 5.00 | 35.50 | 64.00 | 81.65 | 7.47 11.67 | 1862.82 | 40.00 8.81
267/85 | 37.50 | 1.00 2.00 3.50 4.00 4.50 3.00 | 36.50 | 50.50 | 76.74 | 9.71 19.23 | 1899.02 | 50.00 17.22
268/102-1 | 36.50 | 2.00 3.00 3.00 3.50 4.00 350 | 38.00 | 67.00 | 81.64 | 8.12 12.19 | 7980.72 5.00 4.52
TAG-24 | 39.00| 2.00 3.00 3.50 4.00 4.00 450 | 48.00 | 72.00 | 85.35 | 6.99 9.71 | 183058 | 10.00 4.52
GPBD-4 | 3850 | 0.00 0.00 0.00 0.00 2.00 2.00 | 4250 | 75.00 | 88.36 | 9.02 12.05 | 2565.35 | 50.00 10.29
SEm 117 | 032 0.24 0.30 0.39 0.54 059 | 430 | 333 | 770 | 0.92 1.23 54.52 0.47 0.16
CD@1% | 429 | 1.16 0.90 1.12 1.43 1.96 219 | 1566 | 12.15 | 28.08 | 3.37 4.48 | 185.31 1.73 0.59
CD@5% | 3.26 | 0.88 0.68 0.85 1.09 1.49 165 |11.92 | 924 | 2137 | 250 3.41 151.35 1.31 0.45




Appendix lll: Character mean of RIL population during Kharif

opp | RUS@ | LLS@ | Rust@ | LLS@ | Rust@ | LLS@ | HKW | SP | SMK | KY DPY DPY | o | protein | et | Duration
70 70 80 80 90 90 (9) (%) (%) | (g/plant) | (g/plant) | (kg/ha) dormancy | dormancy

111 | 3050 | 300 | 350 | 400 | 600 | 450 | 7.50 | 36.00 | 61.00 | 90.78 | 669 | 1099 | 1468.74 | 44.29 | 27.78 |  0.00 452
2/2-1 | 3000 | 300 | 300 | 450 | 350 | 6.00 | 450 | 46.00 | 57.00 | 80.16 | 7.63 | 13.31 | 1326.05 | 47.72 | 29.36 | 0.0 452
3/31 | 3000| 300 | 300 | 350 | 400 | 450 | 450 | 48.00 | 70.00 | 100.00 | 1452 | 2077 | 1794.63 | 45.60 | 24.69 |  0.00 452
4/4-1 | 3000 | 300 | 300 | 400 | 500 | 550 | 500 | 47.00 | 77.00 | 95.92 | 17.09 | 2217 | 1780.97 | 48.86 | 28.53 0.00 452
5/5 31.00 | 300 | 300 | 400 | 500 | 600 | 550 | 42.00 | 67.00 | 89.32 | 1063 | 1568 | 1797.69 | 48.85 | 27.15 | 70.00 36.87
6/6 31.00 | 3.00 | 3.00 | 400 | 450 | 400 | 6.00 | 40.00 | 62.00 | 100.00 | 10.30 | 16.62 | 1588.16 | 45.88 | 29.70 | 10.00 452
7771 | 3050 | 300 | 300 | 400 | 400 | 400 | 450 | 33.00 | 69.00 | 9623 | 9.82 | 14.26 | 1824.87 | 44.64 | 27.23 0.00 452
8/82 | 2050 | 300 | 300 | 400 | 500 | 400 | 7.00 | 39.00 | 70.00 | 87.26 | 11.28 | 1612 | 1732.06 | 4550 | 29.79 |  0.00 452
/9 3000 | 400 | 300 | 500 | 400 | 650 | 450 | 43.00 | 66.00 | 100.00 | 11.22 | 17.03 | 167546 | 46.01 | 27.92 | 0.00 452
10/10-1 | 3050 | 3.00 | 3.00 | 400 | 550 | 4.00 | 7.00 | 40.00 | 71.00 | 9495 | 12.89 | 1815 | 1865.23 | 45.58 | 26.63 0.00 452
11/11-1 | 3050 | 3.00 | 400 | 400 | 550 | 450 | 7.00 | 44.00 | 61.00 | 93.92 | 816 | 13.30 | 167430 | 46.93 | 28.15 | 10.00 452
12/13-1 | 3050 | 3.00 | 3.00 | 400 | 500 | 450 | 7.00 | 54.00 | 82.00 | 100.00 | 1520 | 1855 | 1952.26 | 45.88 | 26.28 | 0.00 452
1314-1a | 30.50 | 3.00 | 3.00 | 400 | 400 | 400 | 450 | 45.00 | 72.00 | 93.21 | 1855 | 2582 | 2684.29 | 4852 | 25.89 | 0.00 452
14142 | 3000 | 3.00 | 3.00 | 550 | 400 | 7.00 | 400 | 53.00 | 77.00 | 100.00 | 14.81 | 19.28 | 1969.61 | 49.57 | 2854 | 0.00 452
1515 | 30.00 | 3.00 | 3.00 | 400 | 450 | 400 | 550 | 46.00 | 67.00 | 100.00 | 13.32 | 19.85 | 1993.40 | 45.30 | 28.80 0.00 452
16/16 | 30.00 | 3.00 | 350 | 550 | 500 | 650 | 7.50 | 36.00 | 69.00 | 100.00 | 928 | 13.49 | 1513.26 | 42.90 | 2519 | 0.00 452
17M7-a | 30.00 | 3.00 | 350 | 400 | 500 | 500 | 7.50 | 44.00 | 70.00 | 9255 | 13.71 | 1956 | 2040.74 | 46.79 | 26.43 0.00 452
1818 | 3050 | 3.00 | 350 | 400 | 550 | 500 | 7.50 | 47.00 | 76.00 | 95.45 | 1620 | 21.31 | 2181.89 | 46.62 | 29.04 |  0.00 452
1919 | 31.00 | 350 | 350 | 550 | 450 | 7.50 | 7.50 | 67.75 | 66.50 | 9270 | 9.51 1427 | 1650.04 | 42.87 | 29.04 | 0.00 452
20/201 | 3050 | 3.00 | 350 | 500 | 550 | 7.00 | 7.50 | 50.00 | 76.00 | 100.00 | 11.80 | 15.55 | 2000.55 | 49.83 | 26.05 | 5.00 3.44
21/21 | 3050 | 3.00 | 350 | 400 | 500 | 550 | 7.50 | 49.00 | 78.00 | 100.00 | 13.80 | 17.64 | 176254 | 44.60 | 27.55 | 0.00 452
22/22A | 30.00 | 3.00 | 3.00 | 400 | 400 | 400 | 550 | 44.00 | 72.00 | 97.22 | 15.00 | 20.84 | 208845 | 47.44 | 27.78 | 0.00 354
23/232 | 30.00 | 3.00 | 3.00 | 550 | 400 | 550 | 5.00 | 41.00 | 69.00 | 96.51 | 11.21 | 16.25 | 172355 | 44.06 | 28.55 |  0.00 452




24/24-1 30.00 3.00 3.50 4.50 5.50 5.50 6.50 | 42.00 | 76.00 | 96.12 16.63 21.89 2077.93 | 45.85 | 28.36 0.00 4.52
25/25 30.50 3.00 3.00 3.50 3.50 4.00 5.50 | 43.00 | 78.00 | 100.00 12.98 16.67 1758.39 | 46.78 | 29.04 15.00 5.66
26/26-1 30.50 3.00 3.50 4.00 5.50 4.50 7.50 | 37.00 | 74.00 | 100.00 10.24 13.78 2022.51 | 44.45 | 27.45 10.00 4.52
27/26-2 30.50 3.00 3.00 4.50 4.00 4.00 6.50 | 43.00 | 76.00 | 100.00 12.60 16.55 1712.13 | 48.00 | 28.73 20.00 6.30
28/26-2b 30.00 3.00 3.00 4.50 3.50 7.00 450 | 42.00 | 74.00 | 96.51 13.30 17.93 1969.48 | 49.27 | 30.56 0.00 4.52
29/27-1a 30.50 3.00 3.00 4.00 4.00 5.00 6.00 | 55.00 | 76.00 | 96.25 17.76 23.35 2320.87 | 47.40 | 30.82 0.00 4.52
30/27-2 30.50 3.00 3.50 4.00 6.00 4.50 7.50 | 49.00 | 69.00 | 88.60 13.40 19.45 2066.35 | 51.22 | 34.93 70.00 36.87
31/28-2 30.50 3.50 3.00 5.00 4.00 7.00 4.50 | 42.00 | 76.00 | 100.00 17.12 22.52 1968.80 | 47.46 | 26.38 10.00 4.52
32/30-1 30.00 3.50 3.00 6.00 4.50 6.50 550 | 43.00 | 66.00 | 93.12 13.94 21.08 2166.63 | 49.62 | 28.98 0.00 4.52
33/34-1 30.00 3.50 3.00 5.50 4.50 8.00 6.00 | 60.00 | 83.00 | 100.00 17.23 20.72 2028.02 | 44.65 | 36.95 5.00 3.44
34/35 31.00 3.00 3.00 4.50 4.00 7.00 6.00 | 46.00 | 66.00 | 96.51 8.94 13.50 1560.23 | 46.80 | 28.11 0.00 4.52
35/36 30.00 4.00 3.00 5.00 4.00 7.50 6.00 | 43.00 | 74.00 | 100.00 10.89 14.75 1643.53 | 44.19 | 28.57 10.00 4.52
36/38 30.00 3.00 3.00 4.50 4.50 5.50 6.50 | 46.00 | 80.00 | 96.55 15.38 19.22 2149.80 | 46.33 | 27.84 10.00 4.52
37/39-2 30.00 4.00 3.00 5.00 4.00 7.00 7.50 | 41.00 | 66.00 | 95.00 12.64 19.10 2146.97 | 45.51 25.39 0.00 4.52
38/41-2 30.00 3.50 3.50 5.50 5.00 6.50 6.00 | 51.00 | 67.00 | 89.64 11.02 16.38 1964.21 | 46.11 28.03 0.00 4.52
39/42 30.50 3.00 3.00 4.00 4.00 5.50 550 | 45.00 | 76.00 | 91.88 10.85 14.25 1492.05 | 46.98 | 29.63 0.00 4.52
40/43-1 30.00 3.50 3.50 5.50 5.00 6.50 7.50 | 49.00 | 75.00 | 100.00 12.82 17.10 1619.54 | 49.17 | 27.42 75.00 15.22
41/44 30.50 3.00 3.00 5.00 4.00 6.50 550 | 52.00 | 76.00 | 92.68 10.49 13.85 1548.63 | 44.85 | 30.07 10.00 4.52
42/45-3 30.50 3.00 3.00 4.00 4.50 4.50 5.50 | 43.00 | 74.00 | 100.00 11.31 15.26 1749.13 | 47.29 | 26.98 5.00 3.44
43/46-1 30.00 3.00 3.00 4.00 4.50 4.50 5.00 | 49.00 | 72.00 | 93.67 13.65 18.90 1917.48 | 46.72 | 27.34 0.00 4.52
44/47-1 30.00 3.00 3.00 4.00 4.50 4.50 5.50 | 45.00 | 72.00 | 100.00 16.02 22.26 2411.88 | 49.64 | 27.78 5.00 3.44
45/48 30.00 3.00 3.00 4.00 4.50 4.50 6.50 | 51.00 | 81.00 | 100.00 14.17 17.40 1927.66 | 47.77 | 26.20 10.00 4.52
46/49 30.00 4.00 3.50 4.00 5.50 4.50 7.50 | 37.00 | 67.00 | 94.23 12.09 18.05 1888.79 | 46.22 | 28.08 0.00 4.52
47/50-2 30.00 3.00 3.50 4.00 6.50 4.50 8.00 | 47.00 | 76.00 | 100.00 12.59 16.57 2175.84 | 46.04 | 27.70 5.00 3.44
48/51 30.00 4.00 3.00 4.50 5.50 7.00 4.00 | 51.00 | 84.00 | 100.00 12.86 15.35 1804.69 | 48.95 | 25.49 65.00 8.48
49/52-2 30.00 3.00 3.50 4.00 6.00 4.50 8.00 | 49.00 | 74.00 | 85.19 12.97 17.50 1716.52 | 45.23 | 27.23 0.00 4.52
50/53 30.50 3.00 3.50 4.00 5.50 4.50 8.50 | 40.00 | 66.00 | 90.35 9.29 14.07 1376.72 | 47.43 | 25.87 0.00 4.52




51/55 30.00 3.00 3.00 4.50 4.00 7.00 4.00 | 51.00 | 70.00 | 100.00 12.67 18.18 2085.11 | 48.34 | 26.61 15.00 5.66
52/56-2 30.00 3.00 3.00 4.50 4.00 6.50 4.00 | 47.00 | 78.00 | 96.30 12.03 15.45 174721 | 47.45 | 24.84 10.00 4.52
53/57 30.00 3.00 3.00 4.50 4.00 6.00 4.00 | 52.00 | 76.00 | 100.00 13.87 18.25 1943.69 | 43.65 | 27.43 20.00 6.30
54/60-1b 30.00 3.00 3.00 4.50 4.00 6.50 4.00 | 45.00 | 69.00 | 100.00 12.81 18.16 1916.50 | 50.48 | 26.06 0.00 4.52
55/62 30.00 3.00 3.00 4.00 4.00 4.50 5.00 | 51.00 | 84.00 | 100.00 16.10 19.15 2042.80 | 46.37 | 29.45 0.00 4.52
56/63 30.00 3.00 3.00 4.50 4.00 6.50 4.50 | 55.00 | 76.00 | 95.40 15.74 20.62 1836.82 | 45.98 | 28.32 0.00 4.52
57/64-1 30.50 3.00 3.00 4.50 4.00 6.00 550 | 47.00 | 79.00 | 100.00 14.19 17.96 2226.23 | 47.34 | 30.21 10.00 4.52
58/65 30.50 3.00 3.00 4.00 4.00 4.50 550 | 54.00 | 76.00 | 91.49 17.18 22.60 2033.09 | 43.32 | 25.16 0.00 4.52
59/68 30.00 3.00 3.00 4.00 4.50 5.00 6.50 | 54.00 | 77.00 | 100.00 18.68 24.30 2498.37 | 4553 | 29.22 0.00 4.52
60/69 30.50 3.00 3.00 4.00 4.00 5.00 5.00 | 53.00 | 72.00 | 89.70 12.92 17.81 1644.25 | 47.56 | 28.18 0.00 4.52
61/70-2 30.00 3.00 3.00 4.50 5.50 4.50 8.00 | 55.00 | 77.00 | 96.88 11.83 15.38 1866.70 | 47.17 | 27.46 0.00 4.52
62/71-1 30.50 3.00 3.00 4.00 4.00 4.00 5.00 | 47.00 | 76.00 | 100.00 11.70 15.52 174511 | 44.41 29.44 0.00 4.52
63/72-1 30.00 3.00 4.00 4.00 5.50 4.00 9.00 | 48.00 | 75.00 | 95.45 13.04 17.40 2039.79 | 46.92 | 28.40 0.00 4.52
64/73-1 30.00 3.00 4.00 4.00 6.00 4.00 9.00 | 43.00 | 74.00 | 95.00 10.57 14.53 1551.26 | 46.49 | 30.86 0.00 4.52
65/76-1 30.50 3.50 3.50 4.00 4.00 7.50 4.00 | 54.00 | 68.00 | 100.00 8.88 13.10 1957.96 | 46.41 27.96 0.00 4.52
66/77-1 30.50 3.00 3.00 4.00 4.00 4.50 7.00 | 50.00 | 78.00 | 95.45 13.74 17.69 1872.23 | 48.89 | 27.83 0.00 4.42
67/78-2 30.50 3.50 3.00 4.50 5.00 6.00 7.00 | 48.00 | 75.00 | 94.62 16.36 22.12 1990.37 | 47.71 30.45 0.00 4.52
68/79 30.50 3.00 3.00 4.00 4.00 5.00 6.50 | 54.00 | 74.00 | 100.00 15.47 20.90 2347.68 | 47.95 | 28.49 0.00 4.52
69/80-1 30.00 3.00 3.00 4.00 4.00 4.50 6.50 | 56.00 | 79.00 | 96.67 17.96 22.70 2371.32 | 48.39 | 32.08 0.00 4.52
70/81 30.50 3.00 3.00 5.00 4.00 7.00 550 | 56.00 | 64.00 | 93.10 15.21 23.65 2194.76 | 48.00 | 31.66 0.00 4.52
71/82a 30.50 3.00 3.00 4.00 5.50 5.00 8.00 | 46.00 | 75.00 | 100.00 13.31 17.67 1955.75 | 47.59 | 28.94 0.00 4.52
72/83-1 31.00 3.00 3.00 4.00 4.00 4.00 4.00 | 45.00 | 75.00 | 88.13 13.77 18.45 2051.27 | 49.72 | 29.12 55.00 10.16
73/84-1 30.00 3.00 3.50 4.00 5.50 4.00 7.50 | 35.00 | 73.00 | 97.62 9.22 12.66 1500.08 | 47.05 | 28.52 0.00 3.44
74/85-1 30.00 3.00 3.00 4.00 4.00 4.00 4.00 | 38.00 | 64.00 | 100.00 10.93 17.00 174498 | 47.84 | 27.57 0.00 4.52
75/87 30.00 3.00 3.00 4.00 5.50 4.00 7.50 | 42.00 | 78.00 | 97.01 13.27 17.05 1806.70 | 44.54 | 28.35 0.00 4.52
76/88 30.50 3.50 3.00 5.00 4.00 7.50 450 | 45.00 | 68.00 | 88.89 12.77 18.75 1576.36 | 48.08 | 29.35 65.00 10.13
77/90-1 30.00 3.00 3.50 4.00 5.50 4.00 8.50 | 40.00 | 81.00 | 100.00 9.57 11.80 1553.61 | 48.16 | 33.38 0.00 4.52




78/91-1 30.00 3.00 3.00 5.00 4.00 7.00 4.00 | 41.00 | 64.00 | 100.00 10.41 16.25 1667.23 | 48.68 | 26.28 0.00 4.52
79/92-1 30.50 3.50 3.00 4.50 5.50 4.50 7.50 | 44.00 | 67.00 | 74.78 10.53 15.78 1803.68 | 47.93 | 30.67 50.00 14.96
80/93-1 30.50 3.00 3.00 4.00 4.50 5.00 4.50 | 49.00 | 68.00 | 94.25 9.25 13.55 1556.61 | 46.50 | 26.87 0.00 4.52
81/94 30.50 3.00 3.00 4.00 4.50 4.50 7.50 | 42.00 | 72.00 | 100.00 13.79 19.15 2143.03 | 47.70 | 27.42 0.00 4.52
82/95-1 30.00 3.00 3.00 4.00 4.50 5.50 5.00 | 48.00 | 77.00 | 100.00 13.73 17.90 174721 | 47.10 | 28.58 0.00 4.52
83/96 30.00 3.00 3.00 4.00 4.00 4.50 5,50 | 51.00 | 74.00 | 100.00 15.45 20.94 2354.29 | 47.96 | 30.26 0.00 4.52
84/97 30.50 3.50 3.00 4.00 5.00 6.00 7.00 | 43.00 | 78.00 | 93.48 16.72 21.36 2273.25 | 47.38 | 29.86 55.00 22.35
85/98-1 30.00 3.00 3.00 4.00 4.00 4.00 4.50 | 44.00 | 70.00 | 100.00 16.17 23.10 2568.58 | 49.96 | 30.40 0.00 4.52
86/101 30.50 3.00 3.00 4.00 5.50 6.00 7.00 | 39.00 | 61.00 | 100.00 12.16 20.05 2097.71 | 49.52 | 28.59 0.00 4.52
87/102 30.00 3.00 3.50 4.00 5.00 5.50 7.00 | 43.00 | 72.00 | 87.94 15.55 21.60 2171.75 | 49.52 | 29.94 0.00 4.52
88/103 30.00 3.00 3.00 4.00 4.00 5.00 550 | 44.00 | 66.00 | 93.75 13.96 21.15 2103.29 | 49.41 25.49 0.00 4.52
89/105-1 30.00 3.00 3.50 5.00 5.00 8.00 550 | 42.00 | 69.00 | 82.23 15.53 22.55 2223.78 | 47.63 | 28.26 65.00 8.48
90/106-1 30.00 3.50 3.50 5.50 4.00 8.00 5.00 | 46.00 | 80.00 | 100.00 16.47 20.55 2183.98 | 46.92 | 28.50 50.00 11.74
91/106-2 30.50 3.50 3.00 5.50 4.00 8.00 5.00 | 46.00 | 79.00 | 94.25 16.22 20.55 2030.54 | 4553 | 22.80 0.00 4.52
92/107 30.50 3.50 3.50 5.50 4.00 7.50 5.00 | 43.00 | 67.00 | 100.00 15.26 22.55 2299.53 | 46.80 | 28.34 0.00 4.52
93/108 30.00 3.00 3.50 5.00 6.00 7.00 7.50 | 42.00 | 69.00 | 100.00 15.93 23.40 2456.56 | 49.67 | 30.60 15.00 5.66
94/109-1a | 30.50 3.00 3.50 4.00 4.50 4.50 6.00 | 43.00 | 71.00 | 95.87 15.58 21.95 2192.42 | 46.77 | 29.84 0.00 4.52
95/110 31.00 3.00 3.50 4.00 6.00 4.50 8.00 | 45.00 | 68.00 | 94.62 14.05 20.75 2131.94 | 46.81 28.28 45.00 13.90
96/113 30.00 4.00 3.00 5.50 3.50 6.00 4.00 | 40.00 | 68.50 | 89.39 13.21 19.30 2057.62 | 48.22 | 28.56 10.00 4.52
97/117 30.50 3.00 3.00 4.00 4.00 4.00 5.50 | 53.00 | 79.00 | 100.00 | 20.80 26.25 2696.58 | 47.02 | 28.27 0.00 4.52
98/120 30.50 3.00 3.00 4.00 4.00 4.00 550 | 47.00 | 76.00 | 95.18 17.82 23.45 2444.03 | 48.77 | 27.47 0.00 4.52
99/121 30.00 3.00 3.00 4.00 5.00 4.50 8.00 | 48.00 | 76.00 | 100.00 18.33 23.98 2405.34 | 47.15 | 29.30 0.00 4.52
100/122 30.00 3.00 3.00 4.00 5.50 4.50 7.00 | 43.00 | 68.00 | 100.00 15.24 22.70 2374.70 | 47.51 28.95 0.00 4.52
101/123-1 30.50 3.00 4.00 4.00 4.50 4.50 8.50 | 46.00 | 72.00 | 95.24 13.29 18.58 1825.99 | 50.73 | 30.00 15.00 5.66
102/124-1 31.00 3.00 3.50 4.00 5.50 4.50 7.50 | 45.00 | 83.00 | 100.00 15.92 19.30 1939.59 | 49.52 | 27.58 5.00 3.44
103/125-1 30.50 3.00 4.00 4.00 6.00 4.50 8.00 | 45.00 | 69.00 | 100.00 11.93 17.37 2037.97 | 48.60 | 28.75 65.00 16.22
104/126 30.50 3.00 3.50 4.00 5.50 4.50 7.00 | 46.00 | 63.00 | 100.00 15.34 24.75 2402.82 | 45.49 | 28.06 10.00 4.52




105/127 30.00 3.00 3.00 4.00 5.00 4.00 6.00 | 50.00 | 76.00 | 100.00 14.02 18.45 1996.34 | 47.48 | 31.01 0.00 4.52
106/129-2 | 30.50 3.00 3.00 4.00 4.00 7.00 6.50 | 41.00 | 61.00 | 100.00 10.15 16.80 1951.69 | 45.89 | 26.37 5.00 3.44
107/130-1 30.00 3.00 3.50 4.50 5.50 6.00 8.00 | 49.00 | 76.00 | 100.00 18.42 24.24 2107.94 | 46.15 | 27.14 0.00 4.52
108/131-1 30.00 3.00 3.50 5.50 5.50 6.50 7.50 | 52.00 | 74.00 | 100.00 12.44 16.80 1894.36 | 49.53 | 29.99 0.00 4.52
109/131-2 | 30.00 3.00 3.00 5.50 5.00 7.00 4.00 | 45.00 | 74.00 | 100.00 14.23 19.39 1822.45 | 46.23 | 31.39 0.00 4.52
110/131-2a | 30.00 3.00 3.00 4.00 4.50 4.00 6.00 | 47.00 | 77.00 | 100.00 | 21.60 28.10 2717.57 | 46.60 | 29.43 55.00 16.28
111/132-3 | 30.00 3.00 3.50 4.00 5.00 5.00 8.00 | 53.00 | 73.00 | 94.12 15.63 21.40 2157.66 | 50.39 | 29.61 0.00 4.52
112/133-1 30.00 3.00 3.50 4.00 6.00 4.50 8.00 | 48.00 | 66.00 | 85.29 13.19 19.85 2264.00 | 46.67 | 26.17 0.00 4.52

113/134 31.00 3.00 3.50 5.00 6.00 6.00 5,50 | 35.00 | 60.00 | 82.95 12.70 21.20 1873.54 | 49.03 | 30.16 0.00 4.52

114/i1-1 31.00 3.00 3.00 4.00 4.00 6.50 5.00 | 42.00 | 79.00 | 95.76 13.98 17.65 1783.08 | 46.28 | 28.62 10.00 4.52

115/i2-2 30.50 3.00 3.00 4.00 4.00 4.50 6.00 | 49.00 | 75.00 | 100.00 16.01 21.10 2163.63 | 45.54 | 27.37 0.00 4.52

116/i3-1 30.00 3.50 3.00 4.50 5.00 7.00 6.50 | 53.00 | 77.00 | 100.00 13.67 17.77 1812.26 | 46.43 | 29.06 5.00 3.44

117/i3-2 30.50 3.00 3.00 4.00 4.00 4.00 550 | 51.00 | 72.00 | 90.63 16.26 22.70 244480 | 48.26 | 28.05 0.00 4.52

118/i4-1 30.50 3.00 3.50 4.00 5.00 4.00 7.00 | 52.00 | 68.00 | 96.34 14.93 21.95 2329.97 | 47.85 | 28.73 0.00 4.52
119/i4-2a 30.50 3.50 3.00 4.50 4.00 7.00 4.00 | 42.00 | 69.00 | 100.00 14.18 20.53 2347.38 | 51.36 | 31.51 0.00 4.52

120/i4-3 30.50 3.00 3.00 4.00 4.00 5.50 450 | 38.00 | 64.00 | 91.26 11.52 18.05 1938.76 | 48.56 | 27.85 0.00 4.52

121/i5-1 30.50 3.00 3.00 4.00 4.00 7.50 4.00 | 38.00 | 70.00 | 92.98 13.78 19.71 1830.77 | 46.96 | 27.63 0.00 4.52

122/i5-2 30.50 3.50 3.50 5.00 6.00 6.00 8.50 | 48.00 | 64.00 | 100.00 10.36 16.19 1715.77 | 47.48 | 29.48 0.00 4.52

123/i6-1 30.50 3.00 4.00 5.00 6.00 4.50 8.00 | 42.00 | 67.00 | 90.82 14.35 21.55 2331.92 | 48.96 | 30.37 0.00 4.52

124/i7 30.00 3.00 3.50 4.00 4.50 5.00 5.00 | 44.00 | 67.00 | 100.00 12.89 19.30 2016.38 | 48.30 | 32.23 5.00 3.44

125/i7-3 30.00 3.00 3.00 4.00 4.00 5.50 6.00 | 42.00 | 71.00 | 100.00 13.68 19.25 2027.54 | 43.89 | 27.71 0.00 4.52

126/i8-2 30.00 3.00 3.00 4.50 5.00 6.50 7.50 | 50.00 | 68.00 | 100.00 12.63 18.65 1921.76 | 46.31 29.85 0.00 4.52

127/i19-1 30.50 4.00 4.00 5.00 5.00 7.50 6.50 | 44.00 | 63.00 | 91.28 14.15 22.35 2363.61 | 48.00 | 26.81 10.00 4.52
128/i9-2a 30.50 4.00 3.50 5.50 5.00 8.00 6.50 | 40.00 | 58.00 | 86.47 12.26 21.65 2160.94 | 47.87 | 26.24 5.00 3.44
129/i9-2b 30.00 4.50 3.00 6.50 5.00 8.50 6.00 | 44.00 | 61.00 | 88.81 13.87 22.65 217718 | 45.79 | 24.84 5.00 3.44
130/i16-1 30.50 3.50 3.00 5.50 4.50 8.00 5.00 | 46.00 | 77.00 | 100.00 15.50 20.10 2087.76 | 46.66 | 27.25 20.00 6.30
131/i16-2 30.00 3.00 4.00 5.50 5.50 7.50 8.00 | 44.00 | 68.00 | 100.00 7.55 11.03 1558.48 | 46.80 | 25.59 0.00 4.52




132/i17-2a | 30.00 3.00 3.50 6.50 5.50 8.00 7.00 | 40.00 | 73.00 | 100.00 17.42 23.65 2260.81 | 45.95 | 29.37 0.00 4.52
133/i17-2b | 30.00 3.00 3.50 5.00 5.00 6.50 7.00 | 48.00 | 70.00 | 100.00 13.30 19.00 2000.53 | 48.63 | 31.25 0.00 4.52
134/i26-1 30.50 3.00 3.00 4.50 4.50 5.50 5.50 | 38.00 | 77.00 | 100.00 17.11 22.20 2122.84 | 47.29 | 28.71 0.00 4.52
135/i29-1 31.00 3.00 3.00 4.00 4.00 7.00 450 | 38.00 | 71.00 | 100.00 12.86 18.10 1891.81 | 47.74 | 27.88 65.00 10.13
136/i29-2a | 30.00 3.00 3.00 5.00 4.00 4.50 4.50 | 50.00 | 80.00 | 100.00 16.92 21.15 2259.98 | 47.99 | 28.53 5.00 3.44
137/i29-2b | 29.50 3.00 3.00 4.00 4.00 5.50 6.50 | 52.00 | 87.00 | 94.55 14.54 16.70 1730.85 | 45.95 | 28.79 0.00 4.52
138/i39-1 30.00 3.00 3.00 5.00 4.00 5.00 7.00 | 44.00 | 82.00 | 100.00 16.84 20.58 2276.16 | 49.64 | 29.04 0.00 4.52
139/i39-2 30.50 3.00 3.00 4.00 4.00 7.50 4.00 | 42.00 | 70.00 | 83.75 15.28 21.90 2160.22 | 46.21 31.37 0.00 4.52
140/i39-3 30.00 3.50 3.00 5.50 6.00 7.50 8.00 | 44.00 | 73.00 | 100.00 14.23 19.55 2013.42 | 50.60 | 28.49 0.00 4.52
141/ii1-1 30.50 3.00 3.00 4.00 4.00 4.50 450 | 38.00 | 72.00 | 94.74 12.70 17.55 1796.05 | 46.13 | 27.35 0.00 4.52
142/ii1-2 30.50 3.00 3.00 5.50 4.00 7.50 6.00 | 50.00 | 59.00 | 84.56 11.25 19.20 2114.26 | 45.19 | 23.66 0.00 4.52
143/ii2-1 30.50 3.50 3.00 5.50 4.50 7.50 6.50 | 42.00 | 68.00 | 93.96 12.04 17.63 1923.48 | 47.03 | 30.57 0.00 4.52
144/ii7-1a | 31.00 3.00 3.00 5.00 4.00 7.50 6.50 | 42.00 | 78.00 | 94.85 12.83 16.40 1598.38 | 44.23 | 29.12 0.00 4.52
145/ii7-1b | 30.50 3.00 3.00 4.00 5.00 5.00 7.50 | 36.00 | 67.00 | 95.05 13.93 20.91 1963.15 | 48.77 | 29.32 0.00 4.52
146/ii7-2 30.00 3.00 3.00 4.00 4.00 4.00 4.00 | 40.00 | 74.00 | 93.18 15.05 20.38 2071.48 | 51.67 | 28.28 0.00 4.52
147/ii18-1 30.00 3.00 3.00 4.00 4.00 5.00 7.00 | 44.00 | 69.00 | 90.11 14.28 20.80 1946.59 | 46.47 | 24.33 0.00 4.52
148/ii18-2 | 30.50 3.00 3.00 5.00 4.00 8.00 550 | 42.00 | 66.00 | 96.50 12.95 19.65 2006.70 | 49.15 | 26.74 0.00 4.52
149/ii18-3 | 30.50 3.00 3.00 5.50 4.00 8.00 5.00 | 43.00 | 67.00 | 94.57 11.76 17.65 1882.09 | 48.05 | 28.46 0.00 4.42
150/ii30-1 30.00 3.50 3.00 5.50 4.00 8.00 6.50 | 45.00 | 70.00 | 88.94 19.41 27.47 2720.48 | 47.63 | 29.14 0.00 4.52
151/ii33-2 | 30.00 3.00 3.00 4.50 6.00 5.00 8.50 | 53.00 | 73.00 | 92.41 15.61 21.37 2098.65 | 47.91 27.38 0.00 4.52
152/ii41-1 30.50 3.00 3.50 5.00 6.00 5.00 8.50 | 46.00 | 90.00 | 100.00 | 20.63 22.86 2303.01 | 49.54 | 27.06 0.00 4.52
153/1-1 30.00 3.50 4.00 5.50 6.00 6.00 9.00 | 52.00 | 71.00 | 94.87 15.81 22.25 2275.93 | 48.75 | 27.31 0.00 4.52
154/2-2 30.50 3.00 3.00 5.50 4.00 8.00 4.00 | 46.00 | 77.00 | 97.16 15.44 20.02 224599 | 47.85 | 25.90 5.00 3.44

155/4 30.00 3.50 3.50 4.50 6.00 8.00 550 | 52.00 | 81.00 | 96.67 17.56 21.60 2212.63 | 48.34 | 25.26 0.00 4.52
156/5-1 31.00 3.00 3.00 4.50 5.00 8.00 450 | 44.00 | 73.00 | 91.47 19.88 27.25 2686.37 | 46.64 | 28.88 10.00 4.52
157/6b-2 31.00 3.00 3.50 4.00 6.00 5.00 8.00 | 41.00 | 73.00 | 93.82 19.22 26.25 2767.56 | 46.36 | 26.20 0.00 4.52
158/7-1 30.50 3.00 3.00 4.00 6.00 6.00 7.00 | 50.00 | 73.00 | 96.67 17.04 23.50 2375.47 | 47.07 | 30.54 0.00 4.52




159/9-1 30.00 3.00 3.50 4.00 6.00 6.00 7.50 | 36.00 | 64.00 | 100.00 14.88 23.80 2465.08 | 46.85 | 28.29 0.00 4.52
160/11-1 30.50 3.00 3.00 4.50 4.00 8.00 450 | 44.00 | 68.00 | 90.53 13.93 20.65 2240.39 | 46.21 30.24 75.00 12.80
161/12-1 30.00 3.50 4.00 5.50 6.00 8.00 8.00 | 39.00 | 57.00 | 100.00 12.76 22.85 2463.56 | 43.08 | 24.82 35.00 7.25
162/13-1 30.00 3.50 3.50 5.50 4.00 8.00 550 | 47.00 | 72.00 | 95.98 18.42 25.60 2785.66 | 47.17 | 25.29 0.00 4.52
163/14-1 31.00 4.00 3.50 5.50 5.00 7.00 7.50 | 50.00 | 77.00 | 100.00 19.18 24.96 2455.84 | 47.96 | 25.94 0.00 4.52
164/15-2 30.00 3.00 3.00 4.00 4.00 4.00 5.00 | 54.00 | 68.00 | 100.00 13.80 20.22 2243.79 | 47.03 | 30.15 0.00 4.52

165/16 30.00 3.00 3.00 4.00 4.00 8.00 550 | 47.00 | 63.00 | 91.42 16.21 25.65 2590.13 | 46.37 | 29.50 80.00 17.98
166/17-1 30.50 4.00 3.50 4.00 6.00 7.00 8.00 | 46.00 | 66.00 | 97.83 11.84 18.15 1904.59 | 47.99 | 30.05 0.00 4.52

167/19 30.50 3.00 3.50 4.50 6.00 6.00 8.00 | 43.00 | 74.00 | 100.00 12.64 17.09 1665.18 | 46.27 | 24.36 5.00 3.44
168/21-1 30.50 3.00 3.00 4.00 5.00 5.00 8.00 | 51.00 | 71.00 | 96.70 14.33 20.20 2086.78 | 46.51 27.29 10.00 4.52
169/24-1a | 30.00 3.00 3.00 4.50 5.00 5.50 7.50 | 50.00 | 69.00 | 100.00 19.15 27.70 2781.44 | 47.81 27.09 10.00 4.52
170/26-2 29.50 3.00 3.00 4.00 4.00 5.00 450 | 57.00 | 75.00 | 100.00 16.97 22.64 2215.49 | 49.33 | 29.64 5.00 3.44
171/27-3 30.50 3.00 3.00 4.00 5.50 5.00 7.50 | 52.00 | 68.00 | 95.18 14.18 20.90 2161.11 | 46.60 | 29.30 5.00 3.44
172/28-1 30.50 3.00 3.00 4.00 5.00 6.50 5.00 | 48.00 | 76.00 | 95.92 12.25 16.13 1680.51 | 44.55 | 29.85 60.00 8.26
173/30-1 30.00 3.00 3.50 4.00 5.50 4.50 8.50 | 45.00 | 71.40 | 96.05 17.62 24.55 2666.34 | 51.60 | 28.72 0.00 4.52
174/32-1 31.00 3.00 3.00 4.00 5.50 5.00 7.50 | 46.00 | 70.00 | 95.65 17.80 25.45 2499.84 | 50.24 | 30.72 0.00 4.52
175/33-1 31.00 3.00 3.00 4.00 4.00 5.50 4.50 | 50.00 | 79.00 | 100.00 18.23 23.11 2343.18 | 46.22 | 30.16 0.00 4.52
176/33-3a | 30.00 3.00 3.00 4.00 5.00 5.50 7.00 | 48.00 | 76.00 | 95.79 16.16 21.20 2199.55 | 47.61 30.48 0.00 4.52
177/33-3b | 30.00 3.00 3.00 4.00 4.00 4.00 450 | 51.00 | 74.00 | 100.00 | 21.77 29.45 2996.43 | 48.74 | 28.29 0.00 4.52

178/51 30.50 3.00 3.00 4.00 4.00 4.00 4.50 | 47.00 | 74.00 | 100.00 17.75 23.95 2563.31 | 49.03 | 25.72 10.00 4.52
179/37-2 30.50 3.50 3.50 4.00 4.50 6.50 450 | 43.00 | 76.00 | 93.05 12.99 17.05 1913.13 | 45.98 | 25.90 0.00 4.52

180/38 30.50 3.50 3.00 5.00 5.50 6.50 7.00 | 42.00 | 74.00 | 100.00 16.74 22.60 2319.67 | 48.99 | 27.72 0.00 4.52
181/39-3 30.00 3.00 3.00 5.00 4.00 6.50 5.50 | 48.00 | 77.00 | 100.00 18.33 23.85 2403.27 | 46.74 | 31.03 10.00 4.52

182/40 30.50 3.00 3.00 4.00 4.00 4.00 4.00 | 52.00 | 72.00 | 100.00 15.55 21.65 2269.32 | 45.33 | 30.59 0.00 4.52
183/41-1 31.00 3.50 3.50 5.00 5.50 6.00 7.50 | 42.00 | 70.00 | 96.39 17.12 24.40 2492.41 | 45.77 | 28.34 55.00 18.55
184/42-1 30.50 3.50 3.00 5.00 4.00 7.50 4.00 | 47.00 | 76.00 | 100.00 17.78 23.45 2368.81 | 49.09 | 28.34 10.00 4.52
185/43-2 30.50 3.00 3.50 4.50 5.00 7.00 7.00 | 37.00 | 52.00 | 86.49 10.03 19.13 2126.34 | 46.14 | 26.52 0.00 4.52




186/45-2 30.00 3.00 3.00 5.50 4.00 7.50 4.50 | 40.00 | 78.00 | 100.00 15.37 19.70 2029.69 | 46.85 | 29.73 0.00 4.52
187/46-1 30.50 3.00 3.00 5.00 4.00 7.00 5.00 | 58.00 | 83.00 | 95.07 19.61 23.58 2486.01 | 48.30 | 28.03 10.00 7.25
188/48 30.00 3.50 3.50 5.00 5.00 5.00 8.00 | 46.00 | 81.00 | 95.83 18.02 22.30 2271.61 | 48.83 | 27.12 35.00 4.52
189/49 30.00 3.50 3.50 4.00 6.00 4.00 9.00 | 40.00 | 69.00 | 100.00 12.10 17.48 1860.37 | 46.15 | 26.77 0.00 4.52
190/50-2 30.50 3.50 3.50 5.00 4.50 7.50 450 | 53.00 | 77.00 | 100.00 17.21 22.40 2283.70 | 46.67 | 25.52 10.00 4.52
191/51-1 30.50 3.50 4.00 4.50 6.00 6.00 7.50 | 48.00 | 78.00 | 100.00 16.18 20.73 2162.98 | 44.80 | 28.32 0.00 4.52
192/52-3 30.00 3.00 3.00 4.00 6.00 5.00 7.50 | 52.00 | 71.00 | 85.46 17.22 24.25 2507.19 | 48.94 | 29.76 0.00 4.52
193/53-2 30.00 3.50 3.50 4.00 4.00 5.50 4.00 | 54.00 | 76.00 | 93.10 18.29 24.10 2616.23 | 45.46 | 26.51 0.00 3.44
194/54-1 30.00 3.50 3.00 5.50 5.00 6.50 7.00 | 51.00 | 74.00 | 100.00 17.02 22.95 2278.28 | 45.33 | 26.89 5.00 3.44
195/56-2 31.00 4.00 3.00 5.00 4.50 7.00 6.50 | 48.00 | 82.00 | 100.00 16.28 19.85 2140.15 | 44.03 | 26.25 55.00 10.16
196/57-1 30.00 3.50 3.00 6.00 4.00 6.50 6.50 | 43.00 | 73.00 | 100.00 19.88 27.25 2844.54 | 49.51 28.94 5.00 3.44
197/58-1 30.50 3.00 3.00 4.50 4.00 5.50 4.00 | 54.00 | 73.00 | 100.00 17.66 24.20 2390.48 | 49.46 | 29.11 0.00 4.52
198/59-1 30.50 3.00 3.00 4.00 4.00 4.00 4.50 | 45.00 | 77.00 | 93.10 15.86 20.55 2344.67 | 50.46 | 27.61 0.00 4.52
199/59-3 30.50 3.00 3.00 4.00 4.50 4.00 5.00 | 39.00 | 75.00 | 100.00 14.43 19.32 2295.14 | 48.76 | 25.24 5.00 3.44
200/60-1 30.00 3.00 3.00 4.00 4.50 4.50 5.00 | 37.00 | 58.00 | 94.87 11.31 19.30 2063.34 | 47.05 | 29.73 0.00 4.52
201/60-2 30.00 3.00 3.00 3.50 4.00 4.50 5.50 | 40.00 | 68.00 | 84.81 15.24 22.41 2499.14 | 47.16 | 28.30 0.00 4.52
202/60 31.00 3.00 3.00 4.00 5.50 4.50 8.00 | 46.00 | 71.00 | 100.00 13.73 19.40 2108.06 | 46.52 | 26.04 65.00 10.13
203/60-3 30.50 3.00 3.00 5.00 4.00 6.00 4.00 | 42.00 | 80.00 | 91.15 16.48 20.65 1873.67 | 46.61 22.84 0.00 4.52
204/62-2 30.00 3.00 3.00 5.00 4.50 6.50 4.00 | 43.00 | 75.00 | 100.00 13.84 18.40 2118.37 | 46.52 | 23.44 0.00 4.52
205/64-1 30.00 3.00 3.00 5.50 4.00 7.00 4.00 | 41.00 | 80.00 | 97.50 12.21 15.13 1818.26 | 44.83 | 24.21 0.00 4.52
206/65-1 30.50 3.50 3.00 5.00 4.00 7.50 550 | 39.00 | 65.00 | 93.75 12.01 18.45 1901.97 | 46.84 | 29.81 0.00 4.52
207/67-1 30.50 3.00 3.00 4.00 4.00 5.50 4.50 | 59.00 | 81.00 | 100.00 17.32 21.45 2373.37 | 48.35 | 27.76 0.00 4.52
208/63 29.50 3.50 3.00 5.50 4.50 7.50 7.50 | 53.00 | 75.00 | 94.44 14.80 19.75 2043.03 | 48.12 | 27.05 0.00 4.52
209/64-3 30.00 3.00 3.00 5.50 4.00 6.50 450 | 41.00 | 72.00 | 100.00 17.12 23.85 2510.54 | 47.52 | 26.73 90.00 23.39
210/65 30.00 3.00 3.00 4.00 4.00 4.50 4.00 | 45.00 | 81.00 | 95.37 17.05 21.06 2222.06 | 46.55 | 31.08 0.00 4.52
211/66 30.50 3.00 3.00 4.00 4.00 5.50 5.00 | 50.00 | 72.00 | 90.70 17.97 25.05 2665.67 | 48.33 | 24.84 10.00 4.52
212/68-1 30.50 3.50 3.00 5.00 4.00 7.00 4.00 | 39.00 | 80.00 | 95.45 14.50 18.25 1960.90 | 44.12 | 26.29 15.00 5.66




213/69-2 30.00 3.00 3.50 4.50 5.50 5.50 7.50 | 49.00 | 76.00 | 97.22 17.21 22.65 2320.11 | 45.37 | 26.67 90.00 27.75
214/70-2 29.50 3.50 3.50 4.00 5.50 5.00 8.00 | 38.00 | 72.00 | 85.12 15.12 21.10 2133.53 | 46.54 | 26.51 0.00 4.52
215/71-1 30.00 3.50 4.00 4.00 6.00 5.00 8.00 | 39.00 | 68.00 | 100.00 14.41 21.23 2215.61 | 46.67 | 29.49 0.00 4.52
216/72-2 30.00 3.50 3.50 4.50 6.00 5.00 8.00 | 45.00 | 74.00 | 100.00 16.32 22.00 2334.39 | 49.51 30.92 35.00 10.10
217/73-1 30.00 3.00 3.50 4.00 4.00 5.00 6.00 | 44.00 | 52.00 | 93.55 12.86 25.00 2494.63 | 45.53 | 26.65 65.00 10.13
218/74-1 29.50 3.00 3.00 4.00 4.50 5.50 5.00 | 52.00 | 76.00 | 96.84 17.94 23.75 2546.81 | 48.26 | 29.63 0.00 4.52
219/75-1 29.50 3.00 3.00 4.00 4.00 4.00 5.00 | 50.00 | 82.00 | 94.06 20.43 24.83 2274.90 | 45.28 | 29.44 55.00 16.70
220/76-1 31.00 3.00 3.00 4.50 4.00 6.50 4.00 | 51.00 | 76.00 | 100.00 16.96 22.33 2115.82 | 47.65 | 28.31 65.00 15.48
221/77-1 31.00 3.00 3.00 4.00 4.00 4.50 5,50 | 61.00 | 86.00 | 100.00 16.49 19.17 2061.80 | 44.51 22.10 0.00 4.52
222/78-1 31.00 3.00 3.00 4.00 4.00 5.50 450 | 49.00 | 71.00 | 92.55 14.89 20.96 2182.49 | 45.76 | 27.25 0.00 4.52
223/79-1 31.00 3.00 3.00 4.00 4.00 4.50 550 | 37.00 | 69.00 | 92.59 16.17 23.47 2377.40 | 48.55 | 32.60 0.00 4.52
224/80-1 30.00 3.00 3.00 4.00 4.00 4.50 550 | 39.00 | 67.00 | 94.44 17.26 25.78 2638.82 | 46.33 | 29.96 5.00 3.44
225/82b-2 | 30.00 3.00 3.00 4.00 4.50 4.00 6.00 | 42.00 | 81.00 | 100.00 17.17 21.21 2268.76 | 45.29 | 28.38 0.00 4.52
226/84-1 30.00 3.00 3.00 4.00 4.50 6.00 6.50 | 46.00 | 71.00 | 100.00 17.24 24.33 2563.36 | 46.50 | 27.44 15.00 5.66

227/86 30.50 3.00 3.00 4.00 5.50 6.00 7.00 | 47.00 | 62.00 | 100.00 16.89 27.33 2842.73 | 46.57 | 26.13 0.00 4.52

228/87 30.50 3.00 3.00 4.00 5.50 6.50 7.50 | 43.00 | 69.00 | 100.00 17.98 26.10 2724.72 | 4510 | 26.44 0.00 4.52

229/88 30.00 3.00 3.00 4.00 5.00 6.50 8.00 | 44.00 | 81.00 | 100.00 16.79 20.75 2142.48 | 49.25 | 29.19 0.00 4.52
230/89-1 31.00 3.00 3.50 4.00 4.50 5.00 450 | 43.00 | 77.00 | 97.67 20.09 26.10 2720.15 | 49.42 | 32.83 15.00 5.66

231/90 30.00 3.00 3.00 4.00 4.00 4.00 4.00 | 40.00 | 68.00 | 95.00 14.41 21.18 2263.71 | 46.28 | 27.11 0.00 4.52
232/92-1 30.00 3.00 3.00 4.00 4.00 4.00 4.00 | 52.00 | 74.00 | 100.00 19.48 26.36 2709.95 | 46.03 | 26.25 45.00 10.31
233/91-2 30.00 3.00 3.00 4.00 4.00 5.50 450 | 60.00 | 79.00 | 97.30 22.27 28.18 2915.51 | 49.49 | 30.66 5.00 3.44
234/95-1 30.50 3.00 3.00 4.00 4.00 4.50 4.00 | 50.00 | 82.00 | 92.21 20.54 25.00 2511.81 | 46.49 | 31.43 0.00 4.52
235/97-1 31.00 3.00 3.00 4.00 4.00 4.00 5.00 | 49.00 | 76.00 | 96.05 19.76 26.00 2752.26 | 48.41 28.10 0.00 4.52
236/96-2 30.50 3.00 3.50 4.00 4.50 6.00 4.00 | 47.00 | 80.00 | 100.00 | 23.54 29.50 3030.53 | 48.23 | 24.43 35.00 7.25
237/98-1 31.00 3.00 3.00 4.00 4.50 5.50 6.50 | 48.00 | 67.00 | 87.37 20.99 31.31 3193.22 | 46.51 28.29 55.00 8.27
238/99-1 31.00 3.00 3.00 4.00 4.00 4.50 450 | 45.00 | 68.00 | 100.00 17.71 26.10 2764.73 | 46.89 | 27.48 0.00 4.52
239/100 31.00 3.00 3.00 4.00 4.00 5.50 4.00 | 50.00 | 77.00 | 91.15 18.01 23.43 2425.01 | 49.24 | 28.55 0.00 4.52




240/101-1 31.00 3.00 3.00 4.50 4.00 6.50 4.00 | 47.00 | 80.00 | 100.00 16.32 20.40 2079.45 | 49.19 | 30.64 0.00 4.52
241/103-1 30.00 3.50 3.00 4.50 4.00 4.50 4.00 | 52.00 | 76.00 | 94.12 20.15 26.56 2680.52 | 47.58 | 27.18 5.00 3.44
242/91-1 31.00 3.50 3.00 5.50 4.00 7.50 4.00 | 46.00 | 76.00 | 95.00 18.13 24.00 2531.14 | 49.28 | 29.18 50.00 10.78
243/94-2 30.50 3.00 3.00 4.00 4.00 4.00 4.00 | 39.00 | 69.00 | 100.00 17.96 25.99 2718.00 | 47.70 | 30.40 5.00 3.44
244/96-3 30.50 3.00 3.00 4.00 4.00 5.00 5.00 | 43.00 | 68.00 | 100.00 17.98 26.51 2766.16 | 49.98 | 30.58 0.00 4.52
245/ii2-1 30.50 3.00 3.00 5.50 4.00 7.50 450 | 45.00 | 65.00 | 86.54 17.05 26.08 2721.97 | 44.99 | 27.17 30.00 7.00
246/3-2 31.00 3.00 3.50 4.50 5.50 6.00 8.00 | 46.00 | 76.00 | 94.39 17.48 23.00 2360.77 | 49.62 | 25.79 0.00 4.52
247/6b-3 30.50 4.00 3.50 5.00 5.50 6.50 8.50 | 42.00 | 72.00 | 89.29 15.50 21.57 2325.44 | 45.85 | 26.51 70.00 11.03
248/8-1 30.00 3.50 3.50 5.00 5.50 6.50 7.50 | 39.00 | 81.00 | 100.00 | 22.41 27.71 2862.24 | 47.61 28.79 70.00 18.15
249/18b 30.50 4.00 3.50 4.00 5.50 6.50 8.00 | 41.00 | 72.00 | 86.09 13.14 18.32 2184.33 | 45.64 | 27.21 0.00 4.52
250/23-1 30.00 4.00 3.50 5.00 4.00 7.50 4.00 | 56.00 | 79.00 | 100.00 19.53 24.29 2408.78 | 45.94 | 28.37 0.00 4.52
251/29 30.00 4.00 3.00 5.50 4.00 7.00 4.00 | 54.00 | 85.00 | 92.86 13.87 16.32 1836.69 | 44.07 | 26.37 0.00 4.52
252/32-2 30.00 3.00 3.00 5.00 4.00 7.00 4.00 | 44.00 | 76.00 | 97.00 16.49 21.70 2282.27 | 47.44 | 26.55 0.00 4.52
253/35-2 31.00 3.00 3.00 4.50 6.00 7.50 7.50 | 46.00 | 65.00 | 100.00 15.83 24.51 2526.87 | 47.70 | 28.66 5.00 3.44
254/39-2 31.00 3.00 3.00 4.00 4.00 4.00 4.50 | 43.00 | 56.00 | 100.00 11.33 20.43 2104.88 | 48.45 | 28.91 75.00 17.88
255/40 30.50 3.00 3.00 4.50 4.00 7.00 5.00 | 41.00 | 68.00 | 87.18 13.25 19.53 2000.36 | 47.38 | 29.75 20.00 6.30
256/44 30.50 3.00 3.00 4.00 5.00 5.00 6.50 | 43.00 | 80.00 | 100.00 | 22.15 27.69 2886.53 | 47.56 | 29.58 10.00 4.52
257/45-3a | 30.50 3.00 3.00 4.50 4.00 7.50 4.00 | 43.00 | 71.00 | 95.35 15.30 21.54 2183.56 | 46.74 | 28.07 90.00 19.74
258/57-2 30.00 3.00 3.00 5.50 4.00 7.50 4.00 | 52.00 | 78.00 | 100.00 15.36 19.72 1990.41 | 49.82 | 29.66 5.00 3.44
259/61-1 30.00 3.00 3.00 5.50 4.00 7.50 4.50 | 40.00 | 67.00 | 100.00 15.14 22.61 2551.99 | 49.19 | 31.61 80.00 18.07
260/66 30.50 3.00 3.00 5.00 4.00 6.50 7.50 | 45.00 | 63.00 | 94.12 14.09 22.40 2323.47 | 45.07 | 26.01 30.00 7.00
261/81-1 30.50 3.00 3.00 4.50 5.00 4.50 7.50 | 54.00 | 62.00 | 95.06 14.04 22.75 2294.44 | 4538 | 28.78 0.00 4.52
262/83-3 30.50 3.00 4.00 4.50 6.50 4.50 8.00 | 45.00 | 73.00 | 90.22 19.79 27.15 2815.70 | 46.55 | 30.71 0.00 4.52
263/85 31.00 3.00 4.00 4.00 6.50 4.00 8.50 | 46.00 | 77.00 | 100.00 17.52 22.70 2335.13 | 45.18 | 30.56 20.00 6.30
264/102-1 30.00 3.00 4.00 4.00 6.50 4.00 8.50 | 38.00 | 71.00 | 100.00 14.26 19.89 1634.80 | 48.30 | 28.69 10.00 4.52
265/81-1 30.00 3.00 4.00 4.00 6.00 4.00 9.00 | 41.00 | 84.00 | 100.00 14.41 17.20 1793.51 | 47.24 | 27.72 65.00 11.83
266/83-3 30.50 3.00 4.00 4.00 6.00 4.50 8.50 | 36.00 | 65.00 | 89.02 13.19 20.40 2079.82 | 44.63 | 27.37 50.00 11.74
267/85 30.50 3.00 3.50 4.00 6.00 4.00 8.50 | 38.00 | 73.00 | 100.00 14.94 20.40 2116.02 | 48.49 | 30.30 90.00 37.85
268/102-1 30.00 3.00 3.50 4.00 6.00 4.00 8.50 | 41.00 | 69.00 | 90.91 15.86 22.96 8197.72 | 48.05 | 30.10 20.00 6.30
TAG-24 30.00 3.00 4.00 5.50 6.50 7.00 9.00 | 46.00 | 73.50 | 97.25 14.29 19.45 2047.58 | 45.38 | 25.60 0.00 4.52




GPBD-4 30.00 0.00 0.00 3.00 3.00 3.00 3.00 | 42.00 | 77.00 | 91.88 21.14 27.46 2782.35 | 48.25 | 31.40 15.00 5.66

SEm 0.34 0.22 0.25 0.45 0.37 0.67 0.54 3.16 5.31 4.35 1.40 1.36 73.24 0.94 0.88 0.48 0.21
CD@1% 1.26 0.83 0.91 1.66 1.36 2.45 199 | 11.55 | 19.36 | 15.86 5.10 4.96 267.91 3.44 3.23 1.77 0.77
CD@5% 0.95 0.63 0.69 1.26 1.04 1.86 1.51 8.77 | 1473 | 12.06 3.88 3.77 203.32 2.62 2.45 1.35 0.58




GENETIC ANALYSIS ON SEED DORMANCY IN
GROUNDNUT (Arachis hypogaea L.)

YALLAPPAGOUDA B. N. 2011 DR. P. V. KENCHANAGOUDAR
MAJOR ADVISOR

ABSTRACT

Pre-harvest sprouting in groundnut (Arachis hypogaea L.) seeds belonging to
subspecies fastigiata is undesirable. Since it leads to substantial loss of seeds, both in
quantity and quality. A short period of dormancy is therefore desirable in the sub-species to
reduce such losses. Evaluation of fresh seed dormancy was conducted for two seasons to
determine the intensity and duration of dormancy in mapping population wherein 268 RILs
lines developed from crosses between the moderately dormant parent GPBD-4 and non
dormant parent TAG-24.

The intensity of dormancy ranged from 0 to 100% in summer season. Whereas in
kharif season ranged 0 to 90%. There was large variation in the intensity of dormancy which
could be related to genetic differences between the entries tested. When intensity of
dormancy is considered the RIL no. 165, 259, 160, 172, 209, 254, 213, 247, and 248
recorded very high values above 70 per cent in two seasons. While RIL no. 84, 89, 110, 195,
257 and 267 fluctuated widely for intensity of dormancy over seasons. The variation for
dormancy in terms of duration as revealed by G 70 estimates was subsequently large as
compared to the intensity of dormancy among 268 dormant RILs. The RIL no. 5, 40, 84, 165,
183, 209, 213, 248, 254, 259 and 265 were found to have more than two weeks of dormancy
(G 70) in all the two seasons. A period of 2-3 weeks of dormancy was exhibited by RIL no. 5,
30, 40, 84, 110, 165, 183, 219 and 267 during Kharif and RIL no. 5, 40, 84, 89, 165, 172, 267
and 183 during summer. The study has given evidence that for seed dormancy in this
mapping population is controlled by duplicate recessive area.



