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I. INTRODUCTION

Rice (Oryza sativa L.) is the most important cereal

staple food crop being the major source of calories for about
40 per cent of the world's population, particularly for the
people of Asian continent. Globally, rice stands second only
to wheat in terms of area and production occupying an area
of 145.8 m. ha with an annual production of 518.8 m tonnes
(IRRI, 1990). About 90 per cent of rice grown in the world
ls produced and consumed in the Asian region. Among the rice
growing countries, India has the largest area under rice
followed by China and Bangladesh. In India, rice 1is the
leading cereal both in area (41.8 m.ha) and production
(109.5 m. tonnes). In Karnataka, rice is cultivated 1in an
area of 11.84 lakh hectares with an annual production of

23.00 lakh tonnes (KSDA, 1991).

Self sufficiency and reasonable level of stability
attained 1in food production since early eighties has been
possible due to development and wide spread adoption of plant
type based high yield technology in rice and wheat. To
sustain this state of self sufficiency in food, we have to
add nearly 80 million tonnes to the present level of 175 m.
tonnes in the next 10 years. For achieving the targetted
requirement, a major share of about 30 m.tonnes has to come
from rice alone. The task of raising the estimated quantym
of rice in such a short period is quite a serious challenge
considering practically no scope for area expansion under

rice.
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Another matter of great concern to all 1is that the
yield 1level of high yielding dwarf varieties of rice 1is
plateaved in area of assured irrigation, which accounts for
over 75 per cent of rice production. 7This situation warrants
search for and adoption of innovative breeding approaches to
further rise the ceiling to genetic yield. After the Peoples
Republic of China announced the successful development and
use of F rice hybrids in the late 1970's, hybrid rice
technologylattracted the attention of researchers around the
world. The yield advantage of hybrid rice, as currently
understood 1is about 20 per cent higher than that of the top
yielding semidwarf commercial varieties, and this would help

to nearly meet future rice demands of the growing world

population.

China's initial success led IRRI to intensify research
on hybrid rice, particularly on the potentials and problems
of developing the technology for the tropics. Subsequent
progress in China and at IRRI encouraged several other
countries to take critical look at the prospects for hybrid
rice. Now, in India also, hybrid rice breeding research and
seed technology research are receiving attention in some of
Agricultural Universities and Rice Research Stations. In
Karnataka, the work on hybrid rice was initiated as early as
1970 and a male sterile line was obtained in the Cross

involving IR 8 and Jeerigessanna (Mahadevappa, 1973).
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Chinese and IRRI scientists have observed up to 45 per
cent natural outcrossing on male sterile 1line of rice
(Virmani et al., 1981) which is sufficient to produce bulk
quantities of hybrid seed at economically feasible level. 1t
is the extent of seed set on outcrossing that determines the
success and feasibility of hybrid rice programme. To achieve
higher seed set in hybrid seed production, the percentage
outcrossing 1is the main factor and this depends on floral
structures, flowering behaviour, synchronization of parents
by staggered planting, optimum ratio 3f parents (male to
female) and use of growth regulators and other cheaper

chemicals and supplementary pollination, which have been

successfully adopted in China (Xu Shijue and LiBihu, 1988).

Rice, being a strictly self pollinated crop, seed set
due to ocutcrossing even on male sterile plant is vory low.
This is the major constraint in commercialising rice hybrids.
Despite several studies on adopting supplementary
pollination techniques, the extent of seed set due
to outcrossing on male sterile line has not crossed 25 per
cent in many trials resulting in very low yields of hybrid
seed. Considering the existence of exploitable 1level of
heterosis 1in rice and the inherent problem associated with
seed production, research is initiated in the University of
Agricultural Sciences, Bangalore, India to s tudy the

feasibility of vegetative propagation to aid economic seed
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production in order to exploit the heterosis. In the course
of study, it is revealed that besides cost factor and saving
on fresh seed requirement, the other advantages of
vegetative propagation are i) reduction in total duration and
ii) minimization of c¢ost of production. Further, by
effective roguing in main crop season, the problem of rogues
and pollen shedders in hybrid seed production and sterile
plants in commercial hybrid field, if any, can be avoided 1in
ratoon and stubble or slip planted c¢rops. Ratooning, tiller
separation and stubble planting are different vegetative

propagation methods that have been tried so far.

Ratooning 1is already in practice in some places with
conventional high yielding varieties where with only 30 per
cent of the cost and 60 to 70 per cent of main crop duration,
more than 60 per cent of the yield is realised (Mahadevappa
et al., 1988). The success of experiments of ratooning is

attributed to the development of varieties incorporating

genes for good ratoonability and virus resistance, and

identification of suitable growing conditions whore such
cropping system can be remunerative and sustainable. The
advantage of ratoon cropping is even greater with hybrids

where the seed cost is much higher than the conventional
varieties. Several hybrids evaluated at the University of
Agricultural Sciences for their ratoonability have revealed

good potential having genes for ratooning ability and



resistance to viruses that are required for raising a

successful ratoon crop.

Profused tillering during the early phase of vegetative
growth in hybrid rice offers a great scope for tiller
separation and planting them to establish individual plants
and exploit the hybrid vigour. The recovery of total.
number of tillers and their further performance depends on
their tillering ability, growth duration (early or late
maturing) and stage of tiller separation. Richharia (1960)
and Richharia et al. (1964) have indicated the  scope of
extending this technique to normal cultural and environmental
conditions. They have suggested that vegetative propagation
would probably act as a trigger mechanism in increasing the
scope of vegetative multiplication through individual

tillers.

The stubbles of the previous main crop form potential
planting material for the next season crop of rice 1if the
varieties or hybrids have the genetic potential to respond to
this practice. For each unit of the main crop of hybrid
rice, one can get stubbles sufficient for planting about 10
such wunits. Stubble planting appears to be relatively more
promising because yields recorded by stubble planted crops
are close to the main crop, being mostly higher than the

ratoon crop yields. The only disadvantage with stubble
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planting compared to ratooning is that land preparation for
transplanting has to be done in the traditional way for
planting the stubbles as done for the previus crop. At
present the question before rescarchers 1s to test the
feasibility of vegetative propagation in parental seed

multiplication (A/B) and hybrid seed production (A/R).

The ultimate aim of successful seed programme 1s to
produce the maximum quantity of best quality. Seed quality
parameters such as viability, wvigour and storability
ultimately depend on the production location, source of seed
(main/ ratoon) and existence of seed on particular tiller
etc. Hence, keeping in mind the above aspects of seed
production, seed quality and storability, the present
investigation entitled "Effect of Provenance, method of
Propagation and Technique of Seed Production on Seed Yield

and Quality of Hybrid Rice (Oryza sativa L.) was initiated

with the following objectives?

i) to study the influence of provenance and seasons o©On
seed quality attributes of some rice genotypes,

ii) to s tudy the storability of rice genotypes as
influenced by provenance and seed treatment under
ambient conditions,

iii) to study the production of hybrid seed through
ratooning of parents (A/R) and to compare the
seed yield and seed quality attributes of ratoon crop
with main crop,



iv)

v)

to study the vegetative propagation with special
reference to tiller separation and stubble planting of
parents, hybrids and varieties in rice and

to s tudy the influence of planting ratio,
synchronization of flowering and foliar chemical spray
on outcrossing, seed yield and quality in seed

multiplication (A/B) and hybrid seed production.
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II. REVIEW OF LITERATURE

Literature available on aspects pertaining to (1) seed

quality 6 storability and presence of seed borne pathogens as

influenced by production location and seasons, (ii) seed
longevity - possible causes of 1loss of viability and
consequences of deterioration, (iii) wvarious aspects of
vegetative propagation and seed quality (iv}) -

agromorphological and floral traits that influencing seed
setting, (v) seed set and seed yield as influenced by
planting ratios, synchronization of flowering in parents and
(vi) foliar chemical spray on seed quality are reviewed 1in
this chapter. Since literature on these aspects especially
on rice is 1limited, review on other related <crops are
included.
2.1 Effect of Provenance and Season on Seed Quality

The advaentagoes of producing sooud In arous ouspuclally
adopted to seed production are increased seed yield and
quality. Yet not all kinds of seed can be produced in areas
with highly favourable environments. Indeed, most of the
seed used 1in crop production in India are produced in the
same areas where the commercial crop is grown. Agroclimatic
components are probably the most important determinants in
the location of seed production. Thus the place of

production is one of the most important factors |, that
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influence the seed quality./The weather conditions such as
temperature, relative humidity, photoperiod, wind wvelocity,
soil type, nutrition and soil chemical reactions vary from
location to location and season to season resulting in

differential seed quality. Therefore, the selection of the

best provenance of seed production for better seed becomes an

integral part of a seed production programmes.

2.1.1 Production location and seed quality

Funk et al. (1962) showed that maize seed lots of the
same hybrids differed among locations greatly in field
performance and quality. Burris (1977) reported that maize

seeds produced from three locations differed significantly

in germination, shoot and root growth.

Seed materials of seven early maturing pigeonpeas
cultivars planted over seven locations were tested for seed
quality by Tripathi and Laxman Singh (1979). The wvariation
for seed index and protein was significant for cultivars and
locations. Mean 100-seed weight (seed index) for varieties
ranged from 8.3 to 9.7 (TT-6) whereas location mean ranged
from 7.1 (Dantiwada) to 11.2 (Nowgong). Nowgong location had
more pronounced effect on seed size than genotypic

differences.

In wheat, Mathenge and Grabe (1477), Berezkin and Guida

(1980) and Kristan and Skala (1480) reported that location of
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seed production has the greatest effect on seed quality and
yielding ability. ‘They opined that good climatic condition,

s0il, etc. were essential for production of good quality seed

Banumurthy and Gupta (1981), while studying the effect
of four locations and five soybean cultivars on seed
germination and vigour, reported that crops grown under the
humid conditions (Kalyani, West Bengal) produced seeds of
poor quality which deteriorated at a faster rate than that of

the seeds produced in other locations.

In sorghum, seed samples of four varieties produced in
three locations differed in germination and seedling vigour

(Maeda and Sawazaki, 1982).

In rice, Umamaheshwar (1983) studied the effect of four
production locations on seed quality attributes of three
varieties. There were no significant differences with
respect to germination, field emergence, speed of

germination and root-shoot growth.

Kant et al. (1Y983) observed higher germination in the
pea seeds developed and matured at cool temperature (mean
17.50C) at Lahaul than those produced at warmer temperature
{mean 24.52) at Delhi. They also observed significant

differences among the varieties produced from Lahaul alone

for per cent germination. 1lhe varieties P 2649, P 98Y and
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P 190 which required more than 70 days to flower, recorded
higher germination than P 1069 and P 200 which touk 68 and 64

days to flower respectively.

Vanagmudi and Karivaratharaju (1985) <collected seed
samples of C53541 sorghum from Coimbatore, North Arcot and
Madurai to study the effect of provenance of production on
seed quality. They observed the highest germination of seeds
(65%) from Coimbatore followed by those of Madurai and the
lowest was from seeds of North Arcot (49%). The seedling
vigour levels also followed the same trend though the
provenance of production did not influence the root and

shoot length.

Wheat seed produced from poor wheat growing areas were
low 1in quality as compared to those produced in good sites
(Kovav, 1988). Odiemah (1988) obtained seed samples from six
locations and reported that seed vigour was greater in 1982
than in 1983 which had a high temperature and low
precipitation. On the contrary, Morgapuram (1989) reported
that maize seed lots produced in diftferent years had similar

standard germination, field emergence and vigour.

Thiagarajan (1990) observed variability in both
germinability (23%) and secdling vigour (24%) which was
almost equal across ten locations of Cauvery delta zone,

irrespective of rice varieties.
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thousand-secd weight ot early varieties diftered in all
locations (Hyderabad, Maruteru, Chinsurah, Kankanadi and
Mandya) infering varied degrees of seed filling interacting
with the varied environments at the respective 1locations
(DRR., 1990]). Yogeesha (1991) recorded significant
variation in the test weight of six rice varieties produced
f rom 4 locations viz., Mandya, Hebbal, Mudigere and

Honnavile.

Dharmalingam (pers. Comm.) also noticed wvariation in
per cent germination, root-shoot length, seedling vigour and
electrical conductivity of seed leachate of rice genotypes in

various locations of Tamilnadu.

Totally 22 certified seed lots of maize produced by
Karnataka State Seed Corporation in six different
agroclimatic zones were tested by Kurdikeri (1991) tor
various seed gauality parameters. Germination percentage and
test weight differed significantly among seed 1lots and
locatiops but vigour index did not vary. Seeds from north
dry zone proved to be better followed by north eastern dry
zone and southern transitional zone. Blectrical
conductivity of seed leachate from different provenance did
not differ significantly. However, it was less in north dry

zone and more in north transitional zone.
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2.1.2 Influence of season and weather at maturity on seed
quality
Fernandes t al. (1980) observed that germination was

not significantly affected by sowing date in rice for any of
the varieties studied. But some of them recorded higher
germination in summer than in late Kharif. He also noticed
significant differences among the varieties for root-shoot

length and vigour from summer crop than from Kharif crop.

Saini et al. (1980) reported from their study with
soybean <cultivars that crops produced from Rabi recorded
higher germination and maintained greater vigour and
viability than did the Kharif seeds. Varieties differed in

their seed quality within and between seasons.

Higher number of normal seedlings (94%) was observed
from summer seed than from rabi crop seed (77%) in hybrid
bajra (Rajarao, 1981).

Kant et al. (1983) observed that the pea seeds
developed and matured at cool temperature (mean 17.5°C) at
Lahaul recorded germination higher than seeds produced from
warmer temperature (Mean 250C) at Delhi.

Hegde et al. (1983) observed the flower, foliar injury
and decline in seed quality due to rains during flowering,
seed development and maturity. Palanisami et al. (1986)

reported higher 1U00-seed weight, vigour and dry weight of

seedlings from Kharif or early Kharif in Bhendi.
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High temperature and long day light treatment ot high
humnidity during seed maturation resulted in strong dormancy
in rice as a result of the accumulation of germination
inhibitors 1in the seed. High temperature during seed
maturation also increased shoot and root length and mesocotyl
elongation but reduced coleoptile elongation (’lakahashi et

al., 1987).

Sessouma (1987) reported that sorghum seeds harvested
from the crop which experienced higher relative humidity
(90%) at seed maturation were less viable and more
susceptible to stress conditions, when compared to seeds from
40 per cent relative humidity as tested by 2, 3, 5

tetrazolium chloride and germination tests.

Rain damanged seeds of rice (cv. Tellahamsa could
exhibit better germination and would be stored only tor
shorter period (Saibabu et al., 1987). Rain affected rice
seeds from two sites registered lower thousand seed weight
(Katano et al., 1988). Promila Kumari et al. (1992) noticed
significant differences in standard germination but root
shoot 1length and 1000-seed weight between the control and
rain damaged seed were not-significant. kElectrical
conductivity of rain damaged seed 1lots were higher as

compared to the control indicating the loss of membrahe

permeability.
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2.1.3 Presence of seed borne pathogens as 1influenced by
production location and weather

Blotter and agar plating techniques revealed the

presence of 16 fungal speci®s in and on the grain cultivars

of rice. Curvularia lunata, Fusarium moniliforme,
Macrophomina phaseolina and Drechslera oryzae were
predominan't on cv. Sakoli-6, while C. lunata, F.
moniliforme, M. phaseolind, A. niger and A. flavus were

predominant on cv. Syndewaki-75. The latter cultivar carried
more fungal forms and wasS more susceptible (Parate and

Lanjewar, 1987).

Indira Kalyanasundaram and Rao (1988) reported that,
out of 148 South Indian riceé samples analysed, 84 per cent
harboured storage fungi internally. The fungi included

several Aspergillus spp. @and some Penicillium spp .

Statistical analysis revealed that the extent of invusion was
correlated with the source of the sample (regions), nature of

grain and varietal groups.

Chandrashekarappa et al. (1989) collected 207 seed
samples belonging to 61 different cultivars from various
regions of Karnataka and tested for kernel smut incidence.
The percentage incidence ranged from 0.1 to 0.3. The kernel
smut of paddy had been gagrlier reported from the coastal

district of Karnataka. Later it was detected even in other

UNIVERSITY OF AGRICULTURAYL STIENCES ‘
UNIVER 17y L I1REARY Tho*3201

8KVK, BANGALCRE - 860 068,
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districts wviz., Ralchur, Shimoga and Uttar Kannada. Forty
per cent ol the samples recorded surfasce DbLorne inoculum.
Difterent varieties from the same location &and the same
varieties from wvarious locations varied in their per cent

intection and inoculum load.

Three paddy cultivars viz., Reajamudi, Rajkayame and IR20
collected from different agroclimatic regions of Karanatka
were subjected to seed health testing by standard blotter
method to determine fungal incidence. Different fungi like

Drechslera, Trichoconiella padwickii, F. mohilliforme,

Curvularia and Cladosporium. Spp. were detected (Shubha

Krishnamurthy et al., 1989).

Discoloured seeds from four locations viz., Ambarpet,
Faizabad, Ghagharghat and Moncombu, were subjected to
testing. The predominant fungi identified were DUrechslera

Spp . Alternaria Spp. Curvularia Spp. and Fusarium sSpp .

(DRR., 19890).

Sharma et al. (1990) reported varying degree of
discolouration and tungi incidence in 163 rain damaged

samples of paddy from different districts of Punjab.

2.2 Seed Storability
Iin stored seeds, ageing is an universal physiological
phenomenon followed by deterioration resulting in 1loss of

viability. Usually it progresses at a faster rate under
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stress or unfavourable environment and its effect poses
problem in modern agricultural production. The mechanism of
deterioration which is the final stage of ageing process is
still an enigma. A brief review of seed longevity and their
possible causes of loss of viability and consequences of

deterioration are presented below.

2.2.1 The life span of seed

On the basis of duration of life of seed under optimum
conditions, seeds can be classified into i) microbiotic seeds
with a life span of three years, ii) mesobiotic seeds with a
life span of 3 to 15 years and iii) macrobiotic seeds with a
life span of 15 to over 100 years. According to Simon (1958)
the viability of oats, maize and barley was found to be 23,

12 and 11 years, respectively.

1he seeds of major tropical and sub-~tropical crops have
been classified as good, intermediate and poor storers under
ambient conditions of warm-humid places (Delouche et al.,
1973). According to that the seeds of maize, sorghum are
intermediate storers, paddy 1is a good storer and groundnut.

and soybean are poor storers.

2.2.2 Factors influencing longevity of seed
It is still not clear what the critical iactors are and
by which mechanism loss of viability occurs. Seeds go

through a series of changes before they tinally lose
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viability. Roberts (1972) postulated luss ol visbility
theory 1into intrinsic and extrinsic, based on internal and

external agents causing loss of viability.

i) Production location
Very 1little information is available on the effect of
location of production on seed viability and apparently non-

relating location directly to storability of seeds.

Mackay and Tonkin (1Y67) compared the time required for

seeds of 1four forage to deteriorate to 80 per cent
germination. Red clover seed grown in Canada required tour
years compared to three years for Eng land and

New Zealand grown seeds; Perennial ryegrass seed grown in
Ireland and New zeland required tour years; American grown
meadow fescue required nearly seven years and Irish-grown
crested dogtail seed required six years compared with three

yvears for New Zealand grown seeds.

ii) weather

The obvious preharvest factor affecting seed viability
énd storability 1is weather, especially seasonal changes.
Farmers and seedsman elike know the perils and risks ot
excessive moisture and alternate wetting and drying
temperature during the later stages of seed maturation and

post-maturation stand in the field.
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Mackay and Tonkin (1967) showed positive correlations
between weather coditions during ripening and harvesting of
barley, oats and wheat and the number of years required for
the seed to deteriorate to either below 80 per cent or below
50 per cent germination. Haferkamp et al. (1953) concluded
from his study that the healthy matured sced stored and
harvested in dry weather is a pre-requisite tor long storage
life. Harrington and Thompson (1Y952) found that the region
where lettuce seed was grown significantly affected its
germination at between 240 to 300C. They established a
highly positive correlations between germination and
temperature 10 to 30 days preceeding harvest. Saibabu et
al. (1987) reported the short term sorability of rain damaged

paddy seeds (8 to 10 months). Such results are also reported

by Moss t al. (1972) wand Promila Kumari et al. (1992).

iii) Genotype Factors
Some kinds of seeds are inherently long lived, others
are short lived, while some others have an intermediate 1life

span.

iv) Species character

Differences in storability extend even to the species.
Under open storage conditios, seeds of different species
differed in viability; seeds ot maize, paddy, sorghum,

soybean and wheat maintained viability 85, 88, 78, Y0 per
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cent respectively at the end of 30 months storage (Delouche,
1973). Among cereal seeds, bajra deteriorated faster
followed by malize, sorghum, paddy and ragi in all storage
conditions like warehouse, flat ventilated and air

conditioned (Jawaregowda and Bhole, 1989).

v) Varietal character

Varietal difterences in storability of paddy seeds have
been reported under ambient storage conditions, seeds of
dwarf Ponlais recorded less than 40 per «cent germination
after one year storage when compared with better storer,

i.e., dwarf indica (80 %) varieties (Sikdar, 1988).

Gomez et al. (1Y86) reported that not all varieties of

paddy studied maintained their viability to the same degree

after prolonged storage.

vi) Initial seed quality

The storage potential of a seed is greatly affected by
seed quality at the time it enters storage or its prestorage
history. Seed lot of a given kind, wvariety, chronological
age and germination do not maintain viability equally well
in storage, even under identical conditions Gomez et al.
(1986) reported that storabllity of 5 lots of paddy seed
produced in thé same season and area differed although they

were similar in initial germination (79 %). Seed lots of a

cultivar with the same initial germination differed greatly
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in the rate of decrease in germinability during storago undoer
the sane conditions and it was influenced 1y their pre-

storage history (Delouche, 1Y90).

vii) Other factors

Several other factors have been relate:d to storability
ot seeds. They sre moisture content of seed at harvest in
paddy and other cereals { Saibabu et al., 1983), maturity
status in corn (Deshpande et al.,1Y91), season of s=ed
production in paddy (Prcabhakar and Mukherjee, 1980), see:l
size in sorghum (Singh, 1988) and storage containers in padiy

(Saibabu et al., 1983).

viii) Relative humidity and temperature

Relative humidity and temperature in storage are the
prinacipal external factors that influence seed longevity.
Most crops lowse viability rapidly at relative humidity
approacihing 80U per cent, and temperature of 250 to 300. but
can bz kept up to 10 years at the relative huwmidity ot 50
ner cent of less and temperature of SDC of lower (Toole,
1350). According to Harrington (14963), the sum o¢f the per
cent relative humidity plus the tenperature 1in degree
farenheit should not excee:l 100 for storage. Another reporct
indicates that, for safe storage for on2 to three vyears
this comihined total may be a3 high as 120 as long as 'the

temperature contributes nof more than half the total (Bass,

1967) .
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Grains of eight lines or hybrids were stored in
environments using iacubators, desiccaters and sulfuric acid
treatments. Grain moisture, germination percentagaes,
germination rate and vigour index were affected by genotypes,
storage treatment and interastion. All genotypes stored well
at less than ZUOC and 30 to 50 per cent relative humidity.
The hybrid CSH & and its parents 2219 R and €S 3541,
maintained a stasifactory minimum germination rate (89 %) up

to 80 per cent relative humidity. High temperature was

Jdetrimental to all genotypes (Singh, 1987).

ix) Seed moisture content

Under ambient storaga conditions, due to hygrosconic
nature of seeds, seed wmoisture content fluctiates and
maintails moisture agquilibrium with the prevailing relative
hamidity. Jalote and Vaish (1976) reported that seeds with
high wmoisture content (14 to 16%) deteriorated rapidly
within three to six months of storage in gunny bags, th=
viability fell balow 8! per cent, while the see:dls with low’
moisture content (10 to 12%) retained nmore than 80 per ceat
viabhility for 12 to 15 months. Nagirajam and Karivaratharaju
(1976) ovined that maize s:2eds with an initial mositure
conteat of 7.63 per cent gained 1.47 per cent over initial
moisture after nine mnaths of storage and this increase in
moisture was related to the rapid loss of viability of seeds.

The rate of decline in viability was observed to ©be vary
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rapid when moisture reached 14 per cent (Khanna and Yadav,

1979) in maize.

Drastic decline in germination of stored paddy
{Tellahamsa) 1in polythene bags with 15 and 13 per cent seed
moisture between 10 and 12 months was observed by Saibabu et
al. (1983). He further stated that seeds with initial

moisture of 11 per cent could be stored for longer time.

2.2.3 Seed deterioration and loss of viability

Many researchers agreed that seed deterioration 1is a
progressive process which has far reaching consequences
(Ellis and Roberts, 1Y81; Ghosh et al., 1981). Lenerally
seed viability and vigour are at maximum at the time of
physiological maturity. After this stage seeds begin to

deteriorate at varying rates depending on the conditions of

storage environment (Roberts and kllis, 1980).

belouche (1973) defined seed deterioration as
‘Summation of all physical, physiological and biochemical
changes occurring in a seed which ultimately leads to its
death . He also characterised seed deterioration as
inexorable, irreversible, minimai at the time of
physiological maturity and variables among seed kinds,
varieties, seed lots of the same variety and among

individuals.
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2.2.4 Biochemical manifestations of seed deterioration

Delouche (1Y973) and Copeland (1988) highlighted the
consequences o0f deteriorative changes in seed which include
membrane degradation, accumulation of toxic metabolites,
decreased enzymatic activity, lipid autoxidation, failure of
repair mechanism, genetic degradation, reduced yield,
tinally 1loss of germination or death. Soume of the major
physiological and biochemical events of deterioration are

reviewed here.

i) Membrane degradation
It is widely accepted that loss in membrane

permeability 1is one of the causes for loss of wviability.

Presumably, loss of membrane permeability under
unfavourable conditions of storage 1leads to increased
leaching out of seed constituents and thus loss in
viability (Ching and Schoolcraft, 1968; Sen, 1977). The

leachate exudates as measured by electrical conductivity
(Bradnok and Mathews, 1970) was shown to be associated with
the loss of vigour and viability. Increased leachate was
related to low metabolic activity of seed (Abdul-Baki and

Anderson, 1972),

Evidences f rom ultrastructure and cytochemical
investigation in increased membrane aberrations in age' of
paddy seeds strongly support the loss of wviability during

storage (Berjak and Vvilliers, 1972). Krishnaveni and
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Ramasamy (1985) reported that, in general the electrical
conductivity and leaching of iree amino acids and sugars
significantly increased with increasing periods of maize
seeds storage which was ascribed to the membrane aberrations
increasing with increasing age of seed. Similarly Kkurdikeri
(1991) stated that electrolyte leakage increased with storage
period. Such reports were also made by Ghose et al. (1981)

in rice.

ii) Enzymatic activity

Loss of vaiability of seeds in storage has been related
to enzymatic activity. Kalpana Sur and Basu (1986) reported
high activity of alpha amylase, dehydrogenase and polyphernyl
oxidase enzymes in high vigorous and fresh seeds of paddy.

The enzyme activity was reduced in aged seeds.

A decreased activity of amylase (Ray et al., 1Y30;
Shenoy et al., 1990; Dhaliwal et al., 1991), ATPase (Paul et
al., 1970), catalase (Paul and Mukherji, 1992), glutamic
acid decarboxylase (Islam and Delouche, 1Y73) and increased

activity of lipase and oxidase due to seed age is reported by

Dhaliwal et al. (1991) and Mukhopadhyaya (1983).

—

-

iii) Reduced metabolic activity

Metabolic activity of the seeds was reported to be low
in nonviable seeds than in viable seeds. Decrease in
ability to form nucleic acid and free nucleotides during long

term storage was noticed by Sedenka (1975). Nagashima and
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Ota (1986) reported that both ATP content and per cent
germination of paddy seeds decreased with increase in storage

duration (deterioration).

iv) Free radical damage

Ageing has been partially attributed to the
accumulation of free radicals produced by metabolic process
{Tappel, 1973). Pammenter et al. (1974) observed free

radical damage leading to the deterioration in aged seeds.

v) Chromosome aberrations

Tomar and Singh (1Y8b) related the degree of
deterioration or ageing to the spectrum ot chromosome
aberrations in paddy seeds. Similar reports have been made
by Khristov and Khristova (1978) in maize and Rao et al.
(1987) in lettuce. The frequency of chromosomal aberrations
can be estimated by examining a large number ot cell
divisions and by evaluating the relative frequency ot
anaphases showing abnormalities. 7These abnormalities include
bridges, {fragments and rings which result from breakage of
chromosomes rather than chromatids. These aberratinos are
most common in meristematic cells of seedling roots and to a
lesser extent in shoot tip meristematic cells. This damage
allows to evaluate the genetic change potentially altering

the genetic integrity of seeds in storage.
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vi) Lipid peroxidation

These are two possible changes which could result in
membrane deterioration viz., i) the formation of free
radicals by peroxidation and ii) changes in the amount of
membrane phospholipids due to hydrolysis. Free radicals are
highly reactive in species whose action results in the
inactivation of enzymes, denaturation of proteins and
distruction of DNA and RNA (Mead, 1976). Their activity
makes them difficult to detect as they are short 1lived
(Prestley and Leopold, 197Y); it has been shown that free
radicals of lipid peroxides damage cytochrome C by changing
its physical and catalytic properties, suggesting thaot tree
radicals attack themselves to the protein by covalent
linkages. The analysis of the products of peroxidation has
shown an increase in Malonialdehyde (MDQ) in nonviable aged

seeds of rice (Ray et al., 199U; Ramegowda, 1942).

vii) Accumulation of toxic substances during deterioration
One ot the most popular theories has been that loss of
viability is due to the accumulation of various substances to
toxic levels. Rice provides a good example in which most of
the potentially toxic compounds which have been investigated
have been claimed to be responsible at various times for loss
of viability, eg. Indole acetic acid (IAA) and various otper
indole derivatives (Sircar and Biswas, 13960), Phenolics
including coumarin and ferulic acid. Further, this has been

proved by Floris (1970).
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2.2.5 Occurr ence of storage pests, thelr effect on seed
quality and control

i. Storage pests
The incidence of 10 species of storage paddy insects
has been reported by Oliveira et al. (1990). In descending

order of frequency these were Rhizopertha dominica,

Oryzaephilus surinamensis, Laemophloeus fenugineus,

Sitophilus oryzae, Corcyra cephalonica, lribolium castaneum

and Sitotroga cerealella. Similar reports werec also made

by Sukprakaran (1Y85) and Sauphanor (1Y988).

- Uttam et al. (1985) observed the percentage of damaged
seed and 1loss in weight in all wvarieties of paddy seed
increased significantly with an increase in population of R.

dominica. The varieties IR 8, Jaya and Madhu were found

comparatively resistant, while Mahsuri, Sona and I 23 as most
susceptible. Such reports were also made by Nigam et al.
(1487).

< Prakash and Kuraw (1Y83) observed losses in viability

ranging f{rom 3.67 to 41.0 per cent in paddy with intection
ranging from 1.43 to 4.05 per cent over a period of three to

nine months of storage.

- Reduction in germination percentage ranging from 7.0 to
2.6 was noticed in eight paddy varieties during six mon ths
storage {(Subhakar, 199Y2). Maximum loss in germination was

observed in the variety Intan and minimum in Mandya Vani.
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varieties ditfered significantly for loss in viability and
vigour due to attack of R. dominica. In other cereals,
similar reports have been made by Karan Singh et al. (1975)
in wheat and maize due to 5. oryzae and Girish et al.

(1975) in wheat due to Trogoderma granarium.

Investigation of Girish et al. (1990) revealed that

malathion gave 40 per cent mortality after 15 days of

treatment against R. dominica infesting wheat.

ii) Storage fungi

Paddy 1is known to suffer from many fungal and other
seed borne disease as listed by Agrawal and Sinklare (1987).
Seventeen fungal species were isolated from discoloured seeds

(Sharma et al., 1987).

Ahuja and Ahuja (1982) observed decline Iin goermination
and seedling vigour due to discolouration. Varieties vuaried
for their viability against intection. Neelakant (19Y82)
studied the quality attribute of rice seeds of the varieties

'Prakash' as intluenced by Drechslera oryzae infection.

Germination percentage drastically decreased from 85 to 30
per cent as intection percentage Increased. Seedling vigour

followed the same trend.

The beneficial effect of seed treatment with
fungicides on germination was also reported by Sivaprakasam

et al. (1976).
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Vyas and Neme (1975) observed the better germinability
of treated sorghum seeds over untreated control stored at
ditferent relative humidities. However, viability declined
with 1increase in storage period (Deshpande, 1988). Asokan et
al. (1980) treated the rice seeds with ceresan and Agrosan.
They recorded higher germination of treated seeds as

compared to control.

Out of ten fungicides treated, Ceresan followed by
Capton and Bavistin were best to inhibit the majority of
fungi (Anahosur aﬁd Hegde, 1980) 1in sorghum. Neelakant
(1982) observed that fungicides like Dithane M45 end Parasan
were proved to be better than the rest by exhibiting higher
germinability against infection by P. oryzae. Similar
opinion was expressed by Sathyanarayan and Ranganathaiah

(1988) against T. padwicki.

Pawar et al. (1Y85) observed significant improvement
in germination, seedling length when treated with Dithane
M45. Captan treated seeds recorded the highest germination
of Y6 per cent after eight months of storage (Mathur et al.,
1982). Sharma et al. (1990) reported the superiority of

Dithane M45, Thiram and Captan against rain damaged and
discoloured rice seeds.
2.3 Feasibility of Vegetative Propegation in Varieties ‘and
Rice Hybrids
The major constraints for the comnercialization ot rice

hybrid in India is the problem associated with hybrid seed
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production. The secd yields in hybrid seed production are
discouragingly 1low. In this background, the vegetative
propagation of rice offer scope both to increase cropping

intensity under rainfed areas and also to commercialise rice

hybrids. Rice, being a member of the grass family, is
amenable for vegetative propagation, Ratooning, stubble
planting, and tiller separation and planting are the

vegetative propagation methods possible in rice, although

ratooning is the common method commerially adopted.

2.3.1 Rice ratooning

Ratoon cropping usually referred to as 'second crop' or
pruned crop in literature, is realised on regeneration of
stubble i.e., tillers developing from the base or cfown of
the plant after the harvest of crop of previous season.

Ratooning has the following advantages:

1. Ensures maximum use of a growing season that may be too
short for two sown crops in succession.

2. Difficulties such as poor germination or slow seedling
growth due to low temperaturc at the time of raising
nurseries and problem of rains at harvesting ran be
easlily avoided.

3. Ratoon crop cultivation is very cheap, hence, the 1low
cost ofcultivation per unit land area.

4. The 1irrigation water requirement of a ratoon crop |is
much lower to that of newly planted second crop.

5. Many times, ratoon crop yields as much as or some
times more than that of a main crop in a given period
of time.
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6. In some place, it provides employment in the off-season.
7. buration of the ratoon crop can be manipulated to some
extent according to availability of water and time

through altering harvesting time and cutting heights.

8. Possible to maintain genetic purity of variety or
hybrid rice through several seasons.

9. In hybrid rice programme, maintenance of parental lines
and saving on fresh hybrid seeds is possible through
ratooning. '

2.3.1.1 Ratoon mechanism and variability
Rice ratooning depends on the ability of dormant buds

on the stubble of the first crop to remain viable. The buds

exist in various stages of development (Nair and Sahadevan,

1961). Axillary buds that develop at those nodes grow into

ratoon tillers. In IR 5 and IR 8, each of the four nodes

above the ground has buds with regrowth potential (Prashar,

1970). Tillers regenerated from higher nodes formed more

quickly, grew taster and matured earlier.

Differnt varieties produce ratoon tillers differently
(Volkova and Smetanin, 1971). Kuban 3 grew tillers from all
nodes of the stubble, whereas Krasnodarskii 424 {formed
tillers only from lower nodes. Those and similar findings
indicate ratoon crops will yield well if main crop stubble is
left with two to three nodes. The C:N ratio also varied with
the origin of ratoon tillers. Tillers from upper nodes w%th
higher C:N reacted like old seedlings. Tillers trom the
lower nodes with low C:N ratio have young seedling chracters.

Therefore, the development of 1lower tillers should be
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encouraged (Iso, 1954). Ratoon tillers from lower nodes
have best yielding ability potential (Aubin, 1979), Several
studies showed that ratoon tiller development depends on the
carbohydrates that remain in the stubble and roots atter the
main crop is harvested. Thick culms may store more
carbohydrates than thin colums; and probably would be
reflected in ratoon potential. OUrigin and time of tiller
development were not influenced by culms thickness

(Cuevasperez, 1980).

2.3.1.2 Factors influencing ratooning ability

Inherent ratooning ability is important. 7Tillering 1is
probably the most important genetic factor affecting ratoon
performance of grasses (Plucknett et al., 1978). Main crop
growth duration has been reported to influence ratooning
ability (Cuevasperez, 1980), sand early maturing cultivars
do not produce a successful second crop (Hodges and Evatt,
1969). However, Chatterjee et al. (1982) harvested a
satisfactory but low ratoon yield from a wet season crop of
an early maturing variety. Main crop growth duration was
correlated with that of the ratoon crop (Mahadevappa, 1979)
and ratoon crop yield was correlated with main crop growth
duration (r = 0.803*%*%), Cutting height of the main crop
decides the duration and performance of ratoon crop (Volgova
and Smetanin, 1971). Regardless of cutting height, ratoon
yields seldom are as high as main crop yield (Bahar and

DeDatta, 1977).
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Stage of maturity at main crop harvest affects
ratooning {Haque, 1975). Wwhen the main crop was‘ harvested
late, ratoon tillers began to develop soon after the first
crop ripened. In this situation, the culms of the growing
ratoon tillers were damaged because they elongated within the
old leaf sheaths (Szokolay, 1956). Grist (1965) and Parago
(1963) have suggested to harvest the main crop when they are
still greenish. For good ratouning, stalks should be cut
before the main crop is fully matured (Balasubramanian et
al., 1970) or at full maturity when the ratoon shoots have
just begun to grow (Szokolay, 1Y5b). Votong (1Y75) reported
the decline in ratoon crop growth duration due to delay in
main crop harvest for 44 to 56 days after flowering. Ratoon
growth duration, weight, height and percentage of ratoon
tillers declined if cutting was delayed 10 to 20 days after
heading (1chii eand Kuwada, 1Y81). liowever, ratoon traits
inproved siightly with cutting 30 to 40 days after heading.
In an another study, Reddy et al. (1979} did not observe
significant influence on ratoon yields when main crop was
harvested 30, 35 and 40 days after tlowering. Xiong Hong et
al. (1991) reported that main crop cutting at 34 days after
heading ie., when axillary buds began sprouting, resulted in
high yields in both the crops and high yield of ratoon crop
was attributed to higher number of productive tillers.

Cutting time of main crop was significantly correlated with
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yvield of main c¢rop and the number of axillary buds

sprouting, number ot productive panicles and ratoon yield.

2.3.1.3 Seed production through ratooning of parents

Patil and Mahadevappe (1988) achieved synchrony of
flowering by adjusting the cutting time and frequency of main
crop of KMS 1 and Intan mutant when uncut as well as
single cut and two times cut tillers were allowed in a single
plant. The plant could supply pollen for 22 days which is a

plus point for using ratooning in hybrid rice production.

Chauhan (1988) reported the ratooning of male sterile
and maintainer lines in the seed multiplication plots, the
second flowering in ratoon crop can increase seed yield of
male sterile 1lines whereas ratooning oi{ restorer lines,
and male sterile lines in the hybrid seed production plots
would increase seed yleld per se. This would Dbo an
additional advantage at no extra cost. He felt the need for
further studies to explore the potentials and problems of

ratooning male sterile, maintainer and restorer lines.

Seed production of parents and hybrids in rice is
possible through ratoaning of parental lines. A considerable
seed yield was obtained during ratoon seed production of
experimental hybrids. viz.,IR 54752A/IR 46 R, IR 54752A/IR 54

R and IR 54752A/ IR 27315 R (UAS., 198Y).
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2.3.1.4 Ratoon yield

Varietal differences are also enormous in respect of
yield and other characters. The yield obtainable from ratoon
crop ranged from 6 to 140 per cent of the main crop. While
the yield of main crop varied from 0.8 to 7.5 t/ha and the
respective ratoon yield ranged from 0.1 to 8.7 t/ha
(Mahadevappa et al., 1988). IR 8 recorded maximum of 115.3
per cent of the main crop yield accounting for only 3.5 t/ha
against 3.0 t/ha of the main crop yield (Palchamy and
Soundarapandian, 1988). Srinivasan (1990) noticed
superiority of cv. Bhavani over Ponni in all growth and yield
attributes. Bhavani ratoon crop yielded 2.8 t/ha, 50 per
cent of its main yield, where Ponni produced 38 per cent of
its main crop yield (1.8 t/ha). Ratoonability and ratoon
yield of parents and their 30 hybrids were tested in
Tamilnadu. Results revealed that all parents except MDU 3

and IET 9293 showed high number of regenerated tillers

(Arumugachamy et al., 1991).

2.3.1.5 Seed quality of main crop vs. ratoon crop

The productivity or the viability of the seeds from
ratoon crops of a number of rice varieties was not different
from that of main crop seeds in comparative studies conducted
by Saran and Prasad (1952) and Reddy and Pawar (1959). Even
the quality of ratoon crop seeds was graded No.l in Gulfrose

variety of rice (Gay, 1961). Inspite of less uniform size,
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shape and weight, the protein content of the ratoon crop
seed was considerably higher than that of the main crop (Wwebb
et al., 1975). In case of sorghum, ratoon <crop seeds
recorded higher protein content (Azeredo et al., 1476} and

lesser thousand seed weight as stated by Raoc and Damodaran

(1472) than that of main crop.

Nagaraj (1984), in his study on seed qﬁality of main
and ratoon crop seeds, observed higher thousand seed weight
in main crop of rice varieties viz., Mangala, Mulliam
Puncha, Cold Adakkan 74 and Mingolo than that of ratoon crop
except in cold Adakkan 74. High germination per cent was
recorded by the main crop seeds of varieties Mangala, Cold
Adakkan 27, Mulliam Puncha, Cold Adakkan 74, respectively as
against lower values in respective ratoon crop seeds. In
all the varieties except Mingolo higher values of speed of
germination and vigour indices were seen in the main crop
seeds than their ratoon seeds. Higher root-shoot lengths
were recorded in the varieties CH 2 and Cold Adakkan in the
main crop seeds as compared to ratoon. The varieties Mulliam
Puncha, CH2 and Cold Adaekkan recorded significantly high dry
weight of seedlings when compared to the respective ratoon

crop seeds.

In CTH 1 (Mukthi) rice, 1000-seed weight of main ' crop
was higher than that of ratoon crop. Contrary to this the

variety KBCP recorded higher 1000-seed weight in ratoon seeds
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than main c¢rop (Vasundhara, 1987). She also recorded the
higher shoot length and root length in ratoon crop seeds
except in CHZ2. Maximum germination and speed of germination
were observed in main crop; vigour index was higher in main

crop than in corresponding ratoon crop.

Rosamma ¢t al. (1988) stated that ratoon crop seeds ol
rice germinated as good as main crop seeds despite lower
grain weight,. Varietal differences were observed for both
the traits. 7The main crop seeds of the <cultivars CTH 1,
Mangala and IR 64 had higher test weight and seed density
than respective ratoon crop seeds (Vasudev, 198Y9). He also
observed significantly superior 10UU-seed volume of the main
crop. The seeds of eight varieties from ratoon crop recorded
interior germinability, field emergence and vigour as
compared to their respective main crop seeds. The root
shoot length and seedling dry weight varied in some ol the
varieties studied. However, he could not establish a
perfect correlation between main and ratoon crop seeds of
eight varieties with respect to electrical conductivity of

seed leachate.

2.3.2 TYiller separation end planting

Profused tillering during the early phase of vegetative
growth in rice otfters a great scope ftour tiller separation and
planting them to establish individual plants and to exﬁloit
hybrid wvigour. The recovery of total number of tillers and

their further performance depends on their tillering
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ability, growth duration (response to photoperiod),
lertility status and eage at which tillor scparution wuas
done. Richharia (1960) and Richharia et al. (1964) have
indicated scope of extending this technique under normal

cultural and environmental conditions.

2.3.2.1 Clonal propagation as a trigger mechanism

Richharia et al. (1964) suggested that vegetative
propagation (clonal propagation) would probably act as a
trigger mehanism in activating the otherwise dormant
bud thereby increasing the scope of vegetative multiplication
of individual tillers. The vegetative propagation of rice
resulted in an increased grain yield of 9.86 per cent and 15
per cent in two experiments over normal planting. Besides
the crop planted with vegetative propagation was found to be
shorter in height and non-lodging 1in character. The
vegetative splitting one to one-and-half months atter
planting temporarily arrested the unwanted growth of the crop
and induced fresh roots and more tillers which were
attributed to increased grain yield. A full pledged crop
could be raised from a limited number of stubbles by repeated
splits which resulted in higher production. Nine out of 30
varieties did not show increase in yield due to splitting the

tillers three weeks after planting.

Richharia t 1. (1964) observed that rice varieties

difter in their responses in terms of grain yield to

vegetative propagation. Varieties of profuse tillering habit
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may be used for tiller multiplication. Tiller plants can
stand late planting, establish quicker, give wuniform stand
and complete flowering earlier than the seed plants by about
ten days. The mortality of plants in the field was least
when vegetatively propagated seedlings were planted. They
have also noticed more number of productive tillers and grain
weight per unit area. The percentage of sterile spikelets
was the least in tiller crop as compared to seed plants. But
Sharma et al. (1987) recorded reduced number of effective
tillers, reduced length and size of panicles, higher floral
sterility as the sequential splitting were increased. So
they did not record a proportionate increase in yield.

Jagannathan and Banerjee® (1982) opined that the
traditional methods of vegetative propagation in rice are
time consuming and uneconomical and a new method of
multiplication of hybrid planting materials continuously was
emphasized. They separated individual culms from a mother
plant after 45 days of transplanting and planted at different
spacing. They counted the tillers per hill after 45 days.
There was a potentiality for high tillering within a very
short period. Mean tiller numbers per clump increased with
increased spacing from 10 x 10 cm to 20 x 20 cm. The
important outcome of their study was that the time involved

in other methods of clonal propagation was considerably
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reduced as three to four multiplication generations were

possible just within 100 to 120 days.

Sharma et al. (1987) found wvariation in tillering
ability among four rice varieties while the rest of the
twenty-one varieties gave significantly higher yield. They
also felt that this method could help in rapid
multiplication of elite and newly developed cytoplasmic male
sterile lines for hybrid rice seed production. Tiller
separation and planting was also reported by Sateeshs Babu
(1986), Padmaja Rao (1990) and NSC (1990) they have reported

encouraging results.

2.3.2.2 Performance of different tillers

In general, among different tillers, plants developed
from primary tillers possessed higher number of high density
grains thgn those from secondary and tertiary tillers.
Tertiary tillers exhibited very poor per cent of high density
grains. The chaff, partially filled and poor grade grains
were found comparatively more in tertiary tillers

(Padmaje Rao, 1990).

SateeshaBabu (1986) studied behaviour of primary,
secondary and tertiary tillers for vegetative propagation in
respect of growth and yield. The treatments did not vary
much with regard to field establishment percentage. However,
the highest field establishment (90%) was found in primary

tillers of the dwarf variety IR 20 and secondary tillers of
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medium statured variety (T 18) and Cold Adakkan as compared
to secondary tillers. Number of productive tillers and sced
yield differed significantly due to different type of tillers
planted. Unproductive tillers were least in primary tiller

planted crop in all varieties which gave the maximum yield.

2.3.2.3 Seed quality as influenced by type of tiller
PadmajaRao (1988) grown two early (Rasi and Ratna) and
two late (Mahsuri and Swarnadhan) rice cultivars observed
the filled grain pattern among primary and tertiary tillers.
Grain filling was uniform among the primary tillers, while it
was incomplete in tertiary tillers of the early cultures.
However, the difference in grain index between primary and
tertiary tillers was negligible among the late cultures, In
other words, profuse tillering of early cultures seemed to be
unproductive. On the other hand, increased vegetative growth
of late cultures may be advantagious in obtaining higher
grain index from both primary and tertiary tillers

(Venkateswaralu et al. 14Y87).

Mallik et al. (1988) studied the panicle characters in

10 IR rice cultivars, 16 Oryza glaberrima accessions and

sixteen upland rice. They obtained the high density grains

(Sp. gr more than 1.20) located mainly on primary panicles.

Seed germination in 1laboratory and field varied
markedly between primary and secondary sympodia under

difterent pickings. In general, cotton seeds from balls
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borne on primary sympodia had clearly registered seed
perminotion and field emorgonce highor than thoso trom

secondary sympodia (Merwade et al., 198Y).

Selvaraj and Subramanian (1989) reported superiority

of seeds from primery and secondary tillers over late

flowering tillers. Early flowered tillers recorded the
highest seed weight per tiller, 1000-seed weight,
germination and vigour . The superior quality of early

flowered primary tillers was evident in the accelerated
ageing test. They also suggested to use large and early

flowering tillers or panicles for breeder seed increase.

Thiagarajan (1990) noticed the existance of an ihnerent
heterogenity in rice seed quality between tillers of a plant
and between plants in a population. The wvariability was
higher 1in seedling vigour (18%) than in germination (8.4%)

between the tillers.

2.3.3 Stubble (slip) planting

Nair and Sahadevan (1961) explored the possibility of
propagation through stem cuttings aiter harvest. They
observed that practical possibility exists to obtain large
number of plants by stem cutting rather than by planting
stubbles. Richharia (1961) reported 1in detail about the
vegetative propagation by repeated stubble planting -but
Jagannathan and Banerjee (1982) objected this type of

propagation because stubble planting poses the problem of
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time involvement; wherein only after one complete crop

penoraltion the propagation is poussiblo.

Azzini and Rutger (1982) reported the reduction in the
seed set on vegetatively propagated crop as compared to
seeded crop but Yogeesha and Mahadevappa (1987) showed better
seed set on stubble planted Pankhari 203 A. However they
observed non-establishment of stubbles in other CMS lines

indicating the varietal difference of regeneration.

Mahadevappa et al. (1989) noted the usefulness of
stubble planting in commercial exploitation of hybrid vigour
in rice since it eliminates the use of fresh hybrid seeds.
They observed the multiplication ratio of 1:15. They could
get higher grain yields in some of promnising experimental
hybrids as stubble crop and seedling planted check varieties.
They opined that stubble planting is a most 'promising

method'.

The only disadvantage with stubble planting as compared
to ratoon cropping is that land preparation is needed for
transplanting which has to be done in a traditional way f{or
planting the stubble prepared from the previous croﬁ.
Experiments at Bangalore on stubble planting with 10 hybrids
revealed that the hybrids IR 54752 A/ARC 11353R, 1IR54752A/IR
46 R and IR 54752A/ IR 54 R have good potential for stubble
planting (Mahadevappa et al.,1989). Radhakrishna (1992) also

reported the encouraging results for stubble planted crop.



tconomic teasibility

Richharia (1960) mentioned that the vegetative
propagation might prove to be of great economic importance as
the pure varieties can be multiplied and enough seeds can be

made available within a comparatively short time.

A rough estimate of the financial outlay has beed given
by Jagannathan and Banerjee (1Y82) which was found to be very
much comparable with traditional method, but yielding a much
higher amounts of the planting material by separating the
culms at the end of vegetative phase and replanting them for
maximum tillering and repeating this process several times as

to generate large amounts of planting material.

2.4 Effect of Planting Ratio, Synchronization and Chemical
Spray on Seed Set and Seed Yield

It 1is the extent of seed set on outcrossing that

determines the success and feasibility of hybrid rice
programme . Higher seed set depends on agromorphological
traits, floral traits and synchronization of flowering

between parents, planting ratio of parents (male to female),
use of growth regulators and supplementary pollination. Many
researchers have reported successful results on these lines

which are reviewed here.
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2.4.1 Agromorphological traits influencing outcrossing
2.4.17.1 Plant height

Plaat height is one of the important traits to be kept
in mind while selecting parents in hybrid development and
sead production. At the time of tlowering, anthers dehisce
anl pollea grains mova2 in a zigzag wmanner and gradually
settledown, thereby facilitating sone of the pollen grains to
pet deposited on the stigma of the female parent. Hence, it
is desirable that th3 plant height of male parent be more
than that of {emale parent, Use of a recessive gene fortall
habit in rice (Rutger and Carnhan, 1981} should alsoc enable
the J4se of even taller R lines with semidwvart CMS lin=2s to
develon semidwarf nhybrids. This gene »prodices a near
doubling in the length of the upper most internode, a 12 per
cent increase in panicle length with little eftect on other
internodes or plant chavacters. The tall plant type would be
desirable for wiad blown pollen dispersal on the semidwarf
female parents.

Chinese researchers are :using rice restorer lines which
are 10 to 20 cm taller than CMS lines {Virmani and kEkdwards,
1983). Saran and Sahai (1935) reporte:d that the height ot
maintainer and restorer lines was a few ceatimeter morce than
that of CMS lines, whicih according to then, was conducive to
receive more pollens aid ultimately set more number of
crossed seads. Taillebois and Guimaraes (1986) also opihed
that taller male parent would tacilitate better pollen

dispersal.
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2.4.1.2 Flag leaf angle

"1y loal angle too plays an important role 11 pollon
movenent. - If th? angle is tod narrow in th? parents it may
obstruc: the pollen movement. Wwider ths flaz leaf angle,
bette:r the dispersal anid availability ot the pollen grains.
The benefit from parents Qith wide flag leaf angle is bezing
derived profasely in China especially in the seed produstion

of recently commerciallised hybrids.

2.4.1.3 Panicle exsertion

Virmani et al. (1930a) found that outcrossing
per-centage wa:s more o9n zZhen Shan 37A than on V 20 A beczause
of better panicle exsertion and good synchronized flowering.
Sarma et al. (1982) reported that one-third of the basal
florets in V 20A did not set grains Dbecause of lack of

panicle exsertion and physical hindrance to pollination,.

Hassan and Siddiq (1984) opined that the 'B'" and 'R'
lin2s should have well exserted panicles to resume increased
outcrossing. Taillebois and Guinaraes (1986) stated that
clear panicle exsertion would facilitate pollen dispersal and
stigma reception, Considerable variation for panicle
exsartion among the cultivars of North-kast I1dia was noticed

by Sasikumar and Sardana (1987).

Rangaswamy t al. (1987) observed that the reduction

in height of A lines due to lack of panicle exsertion may be
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associated with a non-restores and sterile cytoplasm. Vinod
et al. (1990) opined that panicle exsertion might be under
the control of cytoplasmic genic factors that control male
sterility in rice and reported that sterile plants showesd

poor panicle exs=2rtion compared to fertile plants.

2.4.2 Floral characters influencing outcrossing
2.4.2.1 Time of blooming as influenced by environment

Kadam anid Patil (1983) observed nnder Kolaba conditions
that the blooming hastened duriné bright weathwer, while damp
and cloudy conditions checksd it. Grist {1965) reported that
delay or {failure in ponllination prolon3ed tne flowering time.
Parmar et al. (1973) reported that-a majority of wearly
maturing varieFiBS bloom betw=2en 10.U0 a.m and 10.30 a.m.
while late maturing varieties bloom between 10.30 a.m and
12.00 noon., Along With genetic difference among the
varieties, weather- conditions were also reported to alter the
duration of blooning. Delay=d and irregular flowering were

commnon during cloudy or rainy days.

2.4.2.2 Duration of glume opening

Varietal dJdifference with regard to duration of flow®r
opening, ranged from 28 to Y3 minutes (Virmani and Athawal,
1973). In CMS 1lines, V 20A,Zhen Shan 97 A, V 41A ani
Pankhari 203 A, the floretes remained op=zn for more than 200
ninutes and two to three times :more than corresponding B

lines (IRRI, 1981). Vvirmani and Edwards (19Y83) reported that
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in gencral, flowers of rice reached their pecak opwening
betweon 9.0 a.m. and 11.30 a.n. and sunny daiys. Mallaiah
(198b) reported that the period ot flowaring was about two-
and-a half hours on norwal days and a hour wnore duaring
Cloudy and rainy days. Virmani et al. (1986) under
Philippines conditions showved that the 'A' lines in general
had larger anthesis perlod ranging from 306 to 435 minutes
and duration »°2f opening longer than their maintainers.
bDelay or failure in pollination was found to prolong
flowering and cons=quently CM$ lines exhibited a longer
duration of floret opening than did the fertile plants

(Virmani, 1986; Sahai et al., 1987; Ramachandra, 1989).

2.4.2.3 Angle of glume opening

Nagas (1951) reported that genetic and eaviroamental
factors, especially temperature and humidity were {ound to
aftect the blooming behaviour considerably. He also tound
that position o0f tillers intfluenced the degres of glumne
opsning. Parmar et al. (1979) observed that simultaneous
protrusion 2f all anthers would help in increesing the angle
of glume opening, which was found to vary trom 250 to 300.
depanding on the 3lume type. Short and coarse spikelets
with thick anthers exhibited maximum angle of opening,

whereas long slendsr spiklets with narrow anthers exhibited

minimnm angle of opening of glumes.

The angle of glume openiig in the mal= sterile line Er-

Jiu Nan 1 A was similar to that of either the maintainer or



50
restorecr lines (1R 26 and IR 24), which was tavourable t{or
acceptance 2f external pollen (I1RRI, 1981). Patil (1Y37)
reported that a higher number of florets opened between 300
to 400 angle during both sumier and Kharif seasons. Kato
ani Namai (1987) observed that the size of angle between
1l emma and palea was positively associated with protruiding
stigma perceantage.
2.4.2.4 Anther size

Generally small anther (2.0 to 2.5 mm ) were observed
in cultivated species and big ones in (4.0 to 5.5 mn) 1in
wild species (Sampath, 1962). Virmani and Athawal (1973)
reported about variation in anther length and extended study
to get an 1dea on the gquantity of pollen per anther in
relation to pollen size. Hassan and Siddiq (1984) opined
that the 'B' and 'R' lines should have large anthers with
abundait tertile pollens to increas= outcrossing. Ranchanidra

1.

(1989) observed that, generally, the male sterile lines had

smaller anthers thaa their respoctive mnaintainer lines.

2.4.2.5 bStigma size, exsertion and receptivity

Virmani et al. (1980>) studied stigma length, breaith
and exsertion. A wide range o2f variation was nnotice:d among
the cultivars for all these characters. Eleven rice cultivars
possessing desirable floral traits influencing outcrussing
were identitied by them. Hung and Hung (1978) correlated

exsertion either positively or negatively with spikelet

length, width of pollea and spikelet sterility.
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In the male sterile lines and thelr maintainners, stigma
2xsertion was noticed to be 74.5 and 59.5 per cent in V41A
and v 418, respectively. 1In ErJiuNan 1A and B it was 30 and
22 per cent respactively in summer (HRT., 1981). In general
‘A lines showed higher stigma exszartion than their

corresponding 'B' lines (IRRI, 1982).

Receptivity of stigma was six to seven days trom the
date of emasculation and gradually a decline in the
receptivity was noticed after the third day (Weeraratna,
1954). He opined that the stigna receptivity duration is a
varietal <character. Studies conducted at IRRI, Philippines
during 1981 and 1982 revealed that the A lines can receive
pollen for a longer period than the corresponding B lines

(IRRI., 1982).

Venkataramana (1Y88) observed stigma ot three CMS
lines being receptive for 3 to & days. A high Jdegrez of
receptivity was obssrved for the first 3 days and thz2reafter
it started declining. Xu and Shen (1988) studied receptivity
of exserted stigmas in three male stecile lines a1d
concluded that seed set was directly proportional to
percentage of exserte:d stigma and was suggestad as an index

of stigma receptivity.

2.4.3 Days to 50 per cent flowering

Mahadevappa (1985) found that some of tha CMS lines

exhibited differences between 'A' and 'B' lines 1in vigour,
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days to 50 per cent flowering. Ramachandra (1Y8Y) observed
1 to 10 days difference 1in jays tu 50U per cent ftlowering
between 'A' and 'B' lines. Sivasubramanian st al. (1989)
studied the performance of five CMS lines along with V 20 A.
Th2y reported that heading differences betw2en 'A' and 'B'

lines was two or three days in all the lines tested.

2.4.4 Outcrossing rate on male sterile lines

Carnahan et al. (1572) observed seed set of 0.5 to 44
per cent oa Oryza glaberrima derivatives, while the seed set
ranged from 6 to 31 pa2r cent in 'Birco derivatives'. Twenty-
four per cent ssed set on male sterile plants by open
anemophily was noticed by Mahadevappa (1473). Mazur et al.
(1978) in their experimeat on s<ed setting found that
a tmospheric humidity considerably influenced the extent of

seed set during hybridization and the optimum humidity proved

to bz 70 to 80 per cent.

Virmani et al. (1980a) recorded higuer outcrossing (35
to 40 % seed set) on male sterile line Zhen Shan 9Y7A than on
\Y 20A beacause of 1its better panicle exs=rtion and
synchronized flowering. The higher ssed set was observed on
tne male sterile plant planted across the wind direction.
Silitonga (1985) observed that the bagged panicles of V 20A
sct no seed, while seed set on i1ncovered panicles varled with
distance and direction of pollen source and attributed’ the

low ssed setting percentage (5 to 8%) to ppoor panicle

exsertion of V 20 A.
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The ©£hinese cytoplasmic male sterile lines vV 20A and
Zhon Shan 97 A and thelr corresponding maintoiners wore
evaluated for outcrossing ability. Seed set oa A line due to
cross pollination ranged from 2 to 10 per cent in the wut
season and 21 to 43 per cent in the dry season (BuiBabonga

et al., 1986).

2.4.5 Male to female ratio
To find out the cause for low seed set on male sterile

plants, Carnahan et al. (1972) conducted an experiment with
1:5ratio of pollinator to male sterile plants. Tney observed
zero to five per cent selfed ss3ed set under bag pollination
ald seed set ranged from 0.5 to 44.0 per cent under anatural
pollination. Azzini and Rutger (1Y982), in an experiment to
study the amount of outcrossing on three short statured male
sterile 1lines, planted in alternate rows with pollinators,
which constituted a mixture o2f tall varieties, seed set on
'calady ; and earlirose 3zenetic male steriles was very poor
and neither of them was considered us=ful 1in hybrid seed
prodiuction or population improvement. Thne 'birco’
cytoplasmic Vmale sterile source showed average seed set of
5.4 per cant in 1978 and 32.5 per cent in 1979. Higher seed

set in 1Y7Y9 was due to better synchrony of parents.

In other experiment V 20 B and A were planted in
proportion of 1:2 and 1:4 in east-west direction. beed ssat
was higher (22.4%) in CMS lines grown in north-south rows

20 cm to the east of V20 B; the seed set percentage
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decreased with increase distance from V 2JA (Kuwar and
Sharwma, 1984). 'I'hme recommonded the planting vl CMS lines andd

maintainers in north - south rows ftor hybrid seed production.

Sahai and <Zhaudhary (1985) reported that in hybrid seed
production, the best combination was one ro~v of restorer line
at 10 x 10 cm spacing and six rows of A line at 20 x 15 c¢m
spacing. In the CMS seed productioa, the best combination
was four rows of A line at 10 x 10 cmn and two rows of B lines

at 15 x 10 cm.

Patil (1983) studied seed set on KM5 1 with Pushpa and
Intan mutant as pollinators. The bYest male to female ratio
was 1:5 resulting in 12.75 per cent s=2ed set in both season,
in contrast to 1:6 and 1:7 ratios. Pradhan and Ratho (1987)
indicated that rcow ratios 1:1 and 1:2 of V 20 B to Vv 20 A
gave higher seed set of 30 to 35 p2r cent in contrast to the
row ratio of 1:4 which gave seed set of only 10 to 15 per

cent.

On the basis of the results of 74 <crosses behaviour
elite cultivars aad three CMS lines, 23 restorers, 22
partial restorers and 16 non-restorers of cytoplasmic male
sterile were identified (Sahai et al., 1987). They tound
that the bast planting combination was to be one row of
restorer line at 10 x 10 cm spazing and six cows ot CMS lines

at 20 x 15 cm spacing.
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Out of six olanting ratios examined by Djeacoumar
(1988), 2:6 male to temale ratio tuvllowed by 1:H rocorded the
maximun seed s=2t (25.9 %). The higher seed set was due to
batter synchronization of pareatal lines. Rangaswamy and
Srezrangasamy, (1988) evaluated difterent row ratios for
seed production of Zaen shan Y7A wusing Zhenshan Y78 as
pallinator. Among differeat male to femnale row ratios tried
(2:1, 1:2, 1:3, 1:4, 1:5 and 1:6) seed set on A line was

high with 1:1 row ratio and low with 1:6 .

Among the three ratios tested in Indonesia, seed yields
of 1B:4A, 1B:2A ware significantly high=r than that of 2B:4a,.
Seed set was not significantly difierent among the ratios
(Satato and Sukamandi, 1989). Out of +the five planting
ratios studied by Ramachandra (193Y), 2:6 ratio recorded the
highest yield (416.6 kg) with 9.3J per cent sezd set. The
ratio 1:0 registered 263.6 kg se2d yield per hnectare. The
lower seed set on V 20A A was due to non-synchrony of

parents.

2.3.6 Synchronisation of flowering and seed set

Virmani et al. (1980a) reported that the outcrossing
percentage w~as more on Znen Shan Y7A than on V20 A when
planted along with their maintainer lines. They attributed

more outcrossing o1 Zhen Shan 97 A to better panicle

exsertion and synchronization of flowering.
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Azzini and Rutger (1982) recorded a Seed set ot 5.4 per

cent in 1978 and 3.5 per cent in 1979 on Birco CMS line.
The higher seed set in 1979 apparently was <due to better

synchronization ot tlowsering of male and ftemale plants.

Liu et al. (1984) sugzested some technical mzasures for
increasing seed production of hybrid rice. They stressed
that steps be taken to shorten the tillering period of the
pollen parent by raising strong seedlings by early
application ot fertilizers. At the same time the male
parents should be transplanted on 3 dates with an intervals
of 11 days between first and third instead of transplanting
on two dates at elght days intervals to prolong the full
flowering period, sowing on three :lates increased the see:d
yield by 35, 47 and 79 per cent respectively, over sowing on

three possible combinations.

Mohamnad et al. (1Y84) studied flowering of tillers in
different cultivars. They indicated that in breeding
programme, the cultivars should be planted at different time

in order to zet synchronized flowering and crossing.

Staggard sowving of 'B' Plants in different dates gave a
higher seed set on A plants. Th2 earliness or lateness and
the time gap required varied with the liines studied

(Meghachandra Singh, 1986).
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Rangaswany and Sreerangasamy (1988) reported that
portect syachrondzation ot flowering woas nchiovod by  pruaing
the alternate hills of Zhea Shan 97B (male) line. 25 days
after planting during multiplication of Zhen Snan Y7A/B.
Pruned hills flowered on2 week later to unpruned hills and

supplied continuous pollens.

Seed setting percentage was low on Intan mutant A
(6.97 %) due to poor synchronization of intan mutant A with
IR 27315 R (restorer line), thereby indicating scope tor
further improvement of the technique for higher seed set on«A
line through precise stagiering betw=en two pareats
{ Ramachandra, 198Y). The lower seed set and yield were also
realised 2n V 20 A (V 20A / IR 36) because flowering dats of
fenale aid male pareats did not synchronize properly. Similar
opinion was expressed by Shanbhogue and Mahadevappa (1991),
while studying seed production in promising hybrid Intan
Mutant A/ARC 11353 and ssed multiplication of Madhu A/B.
2.4.7 Effect of chemical spray to increase seed set and
yield
Some of the causes reported for poor sea3d set are
improper syncinrony of flowering between male and female
parents, short lived pollen viability resulting in iunproper
pollination, competition for nutrients among3 developing
florets, deiiciency of secoadary and micronutrients and

growth harmones. Tne role of growth regulators in the
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transport ot metabolites from source to sink in vrice lhias been

well documentod (Chatterjoe vt al., 14706).

The growth regulator gibberellic acid (GA3) is used in
hybrid rice seed production in China to increase panicle
exsertion, stigma protrusion, plant height and also to
achieve synchrony between primary and secondary tillers. But
GA3 is expensive in countries outside China, when applied at
159 g per nectare costs more. 1t also increas2 plant height,
leading to lodging. The 2xtra exserted panicles can break
during the wet season under torrential rains and strong winds

(Prasad et al., 1988).

Search for a suitable less expensive substitute tor GA3
is being made. Hybrid seed production experiments with
sorghum and pearlmillet have shown the effectiveness of urea
and boric acid sprays in increasing hybrid seedl yields and
these are available at low cost throughout the world.
Besides major nutrients, the micro element boron appears to
have a special role in influencing seed filling. Boron plays
an important role 1In 1increasing pollen germination and
viability and results in higher seed set.
2.4.7.1 Effect of gibberellic acid on agronomic characters,

floral traits, seed set and yield

Im (1961) obtained early hasading in barley by tour to
5 days with gibberellic acid treatment. GA3 produced

irregular divisions at the apex, which reduced the nimber of
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tunica layers and thus resulted 1in earlier flowering.
Nicholas and May (1964) stated that applied gibburotlic acid
decisively 1increased 1level of endogenous gibberellin and
helped in floral initiation. Takahashi et al. (1972)
suggested that gibberellic acid treatment in rice triggered
the metabolic activity involved in cell division and cell
elongation 1in internodes which are normally accelerated at
panicle initiation. Application of GA3 at 50 and 5U0) ppm to
rice at transplanting and at panicle initiation resulted in
increased number of cells, more lignified and round
parenchyma cells, enlarged air cavities and narrower

conductive vessels (Kumar Perumal and Choudhari, 1Y73).

Increasad plant height and drymatter production was
observed in corn due to gibberellic acid spray (Kalina,

1963). Similar results atre reported by Vasundhara (1987).

Using higher dosage of GA3 (75 g/ha) to make the whole
panicle grow taller than flag leaf to avoid 1leaf «clipping
(Lin and Yuan, 1980). Spraying of GA3 more time (3-4) at a
higher concentration at early heading incrcased the seed set
on female parent up to 65 per cent. Similar report is also

stated by Joshi (1976) in Sorghum. s

Ray and Choudhari (1Y981) observed the function of
growth harmones in improving grain filling in rice which was

attributed to an increase in longevity of leaves thereby
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prolonging period of mobilization of metabolites from leaves
Lo paraoins, Studies of Kaur and Singh (1986) havo Indicated
increase in the number of vascular bundles and size ot the
phloem area 1in young peduncles, which facilitated better
translocation of metabolites from source to sink. This
in turn increased the per cent filled spikelets and 1000-

grain weight.

Vasundhara (1Y87) did not notice any signiticant
difference in numbzr of productive tillers and panicle length
with GA3 spray (30 ppm), while Djeaccoumar (1988) recorded
higher seed set (26.9 %) on IR 54752A (IR 5452A/ 1R4b) with
spraying ot 60 ppm GA3 along with supplementary pollination.
But he did not notice any difference in seed set percentage
on Intan Mutant A (Intan mutant A/IR ©54R) seed production
with 30-60 ppm GA3; higher yield was also recorded (14.3
g/plant) with GA3 than control (12.0 g). Similar tindings
were also reported by Sahai et al. (1987), Prasad et al.
(1988) and Yakshengqui (1988) in hybrid seed production. Xu
Shijue and Li Bihu (1988) and Shanbhogue and Mahadevappa

(1991) observed increased panicle exsertion and higher

outcrossing in hybrid seed production.

Dharmarajan (1990) observed better panicle exsertion
{65.5%) by spraying Triacontanol (1 ppm). Foliar application

of GA3 to CMS lines of two rice hybrids at the initiation of
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ear emsrgence significantly increased ear extension from flag
leat sheath and significantly increased the cross pollinated
seed set and yield (Duan and Ma, 1Y92). Seed yield reached
the maximum in the treatment of 180g GA3 per hectare in two
hybrids. Further increase in GA3 concentration showed adverse

effects.

2.4.7.2 Effect of boron on pollen viability and seed set
Shatilov and Ikonnikov (1970) found that boron
increased the pollen viability, the fertilizing capacity of
pollen, the fat content of the seed weight and decreased the
number of wilted achenes and percentage of empty achenes of
sunflower. Study ot Petrov (1970) reported that the increase
in pollen germination and per cent seed set due to boron and

calcium.

Garg et al. (1980) found the improvement in germination
capacity, size and fertility of pollen grains of rice as a
result of boron application at 2.5 ppm concentration.
Besides these, the grain yield per plant, number of grains
per panicle and 1000-seed weight also exhibited virtually the
same trend. They also reported that inclusion of boron in
nutrient solution with optimum level induced some stimulatory
eftects on pollen viability and thereby improved the grain
yiell of rice. Boron stimulated the enzymatic activity and

nitrogen metabolism which may be linked with improvement in

pollen fertility and growth. Takkar and Randhwa (1978) also
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exporessed similar opinion and they further stated that boron

helps io biosynthesis of protein and carbohydrates in plants.

Agrawval et al. (1981) n»oticed that ©boron deticiency
resulted in reduced activity of enzywne like catelase, acid
phosphatases and invertase but increase in activity of
ribonuclease and amylase. Prasad et al. (1Y88) reported that
spraying boric acid (1.5 %) at full booting, initial heading
or 20 per cent heading was as effective as GA3. It did not
increase plant height. They also obtained the maximum yield
from boric acid spraying. Donaire (1991) observed the
importance of boron in maintaining acid pH during

germination.

2.4.7.3 Effect of urea, potassium nitrate and flower
synchrony. en seed set and yield

Joshi (1976) observed hastening of female tlowering to
achieve synchrony in CS4 5 sorghum by toliar application of

urea at 40 to 50 days after planting.

Spraying of urea (2 %) at full booting recorded high
yield of 621 kg per hectare on IR 54752A (Prasad et al. 1988)

when compared to spraying the same at initial heading (511 kg

/ha) and 20 per cent heading (565 kg/ha}.

2.4.8 Seed yield
At 1RRI, hybrid seed yields of 1.32 to 1.68 t/ha have
been obtained during dry season in an experimeatal seecd

production plot (Virmani et al., 1981). Hung et al.. (1Y84)
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reporte:d that Zhen Shan 97 A at a row ratio of 4:1 or 6:1
gave a sced set more than 30 per cent producing 1228 kg oer
ka. 1In Fujian, average yield was 614 kg of CMS line sezd and
1962 kg of hybrid seed per hectare; and Hunan average yields
were 1236 kg of CMS line sead and 1352 kg hybrid seed per

hectare (Heguiting et al., 1Y84).

Of the thre= new hybrid rices evaluated in Changsha in
19486, 11-32 A /MM 63 performed well because of the tloral
traits of CMS line I1I-32 A su:h as large stigma good panicle
and stigma exsertion facilitated a high natural outcrossing
rate and seed yield (Xie Fangming, 1Y86). Singh and Sinha
(1987) obtaining a hybrid seed yield of 806 kg per hectare,
on the CMS 1line V 20 A at 2:1 planting ratio and
supplenente:d with other cultural practices and supplementary
pollination. In 1983, ylelds were more than 1.5 t/ha: by
1985, average yield was 2.07 t/ha and maximun yield was 5.4
t/ha. With this, total area devoted to hybrid s=ed
production has been reduced by 2/3 while yield has doubled
(Xu Shijue and L1 Bihu, 1988). In a study at Banguloure, the
treatment clipping with supplementary pollination accounted
for the highest seed yield (Dharmarajan, 1Y90) per plot (U.Y
kg) followed by only clipping (0.83 kg) and GA3 60U ppm (0.81

kg).
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2.4.9 Seed quality
Higher concentration of GA3 showved adverse etfect on
seed quality of F; hybrids. The seed weight slightly
decreased; significant reduction in storability of hybrid
seeds was observed though th3 freshly harvested seeds showed
high germination before storage as compared to control (Duan

and Ma, 1992).

Tufail Abhmedkhan et al. (1990) reported that dusting
sunt lowver heads with borax gave significantly higher

germination (96%) and vigour than the control (84%).
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I1II. MATERIAL AND METHODS

The study involved five laboratory and nine field
experiments conducted ~ith rice genotypes to uunderstand 1)
The 1influence of production location and season on initial
seed quality, ii) storability es influenced by location and seed
treatment at ambient condition, iii) ssed production of
hybrids through seedling transplanted (main) aid ratoon
crop and their seed guality, iv) feasibility of vegetative
propagation through tiller separation and stubble planting.
v) determination of optimum planting ratio, synchronization
ot flowering and chemical sprays to increase outcrossing,

seed yield and se=d guality.

Details of the materials and techniuge adopted during

the course of investigations are described in this chapter.

3.1.1 General Description
The laboratory and field experiments were conducted at
the Department of Seed Technology, GKVK and the Main Research
Station (MRS), H=2bbal, Bangalore. This is situated at an
altitude of 89Y m above mean sea level, 1BOC North latitude
(&}

and 77 ¢ 31' East longitude. The station lies 1in southern

zone which consists of sandy loam soils with a pH of 6.5.

3.1.2 Climatic conditions
The monthly weather data during crop growth period rec
orded at the Meteriological Observatory, MRS, Hebbal,

Bangalore are presented in Appendix I[.
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Thno avorago rainfall at MRS 1s 829 mm per annum  fairly

distributed over five to six months from May to Uctober. The

minimum and maxinmum temperature during the course of
o] o]
investigation ranged from 16 C to 28.9 C during 1989, 12.4 -
o o] o] o]
34.9 C during 1990, 15.5 C - 34.1 C during 1991 and 12.1 C to
4] o]

34.1C to 34.0C during 1992. 7The maximum rainfall was
during July to October 1989 and May to July 1992. Very less
or negligible reainfall was registered during December to
April in all the years of crop growth. Maximum relative
humidity (RH) ranged from 79 to 96 per cent and minimum

ranged fron 25 to 71 per cent during the investigation.

Experimental Details

I. Study on Influence of Provenance, Season on Seed Quality
Attributes of Some Rice Genotypes

3.2 EXPERIMENT 1: Study on Initial Seed Quality
3

1The fresh seeds of V 20 B, IR 04752 B, Improved sona B,
Madhu B, Mangala B, Pushpa B, Intan mutant B and Pragathi B
were obtained from four different locations of Karnataka State
namely, Main Research Station (MRS), Hebbal, Bangalore; V.C.
Farm, Mandya; Regional Research Station (RRS), Muiligere and
Agricultural Research Station (ARS), Honnavile, Shimoga, over
two seasoas viz., 1989 WS and 1990 DS. The geographical
situation and the climatic conditions during 1989 WS and 1980
DS as recorded in the respective research stations are given

in Appeadix II and III.
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The details of tho treatmonts are glven below:

A. Genotypes

51 -V 20 8B G5 - Pushpa B

G2 - Madhu B G6b - Mangala B

G3 - IR 54752 B G7 - Intan Mutant B
G4 - Improved Sona B G8.- Pragathi B

B. Locations
L1 - Main Research Station, Hebbal, Bangzalore
LZ - Vv.C. Farm, Mandya.
1.3 - Agricultural Resrearch Station, Honnavile,
Shimoga.
L4 - Regional Research Stétion, Mudigere.
€. ©Seasons
51 - 1989 wet season (WS)
S2 - 1930 Dry season (DS)
Total treatment combinations: 04
The moisture content of freshly harvested s=2eds was
brought down to 10.0 per cent. The various initial se=zd

quality parameters were studied before keeping the :waterial

for storage.

3.2.1 Observations recorded on initial seed quality
Pure seed fractions of fresiily harvested seeds were
used to record the following observations.

i. Test weight (8)

ii. Seed volume (cc)



68

iit. Seed density (gscc)
iv. Germination (%)
V. Speed of germination
vi. Field emergence (%)
vii. Szedling length (cm)
viii. Vigour indsax.
ix. Electrical condictivity (u mhos/cm)
X . Seed microflora
xi. Moisture content (%)
xii. Accelerated ageing
i. Test weight: : Thousand-seed weight of each genotype

was recorded (in grams) as per the procedure ocutlined by ISTA

{1985).

ii. Seed volume: The seeds s2lected for determining 1000-
sea2d welsht were immersed in toluene and the <volume of

displacenent was recorded and expressed in cc.

iii. Seed density: The seeds randonly drawn for 1000-seed
weight determination were immersed in toluene having a
density of 0.0357 g per ml and the volume of displacement was
recorded. The density was recorded by wusing the formula
Szed weight (g)
Seed density (g /€C)= =-=-=--ro--mmmcmmmmr e e e
Volume displaced by seed (cc)
iv. Standard germination test: For this test 'Between_ paper

method' des=sribed by 1STA (1985) was followed. Germination

test was conducted in four replications of 100 sseds esach.
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The pgermination counts on 5th and 14th day were taken o021
normal seodlings and total gormination percontage was

calculated.

v. Speed of germination: Four hundred seeds from each sample
were counted randomly. Hundred seeds were put on surface ot
sand taken in each box. The seeds were covered with sand by
two centimeter thickness ani adequate moisture was
maintained. Daily count of emerged seedlings was recorded.
The spzed of germination was calculated by means of the

formula described by Malvika Dadlani (1982).

N1 N2 Nn
S5G = —=-= 4  ——-- 4 R
D1 D2 Dn
Wh=re, S5 = Spead of germination.
N: N .......000¢00...N = Number of emerged seedlings on

1 2 n
1,2 ani n th days after sowing.

D ;D . 0
1 2 n

Number of days after sowing

vi. Seedling length: Tea normal seedlings randomly selected
iron top one third portion of germination pap2r during

standard germination test on 14th day were taken to measure

the root aand shoot length. 1t was measured from the tip of
the pfimary rodt to the tip of the primary leaf, and mean
leng th was expressed in centimeaters (Nandisha and

Mahadevappa, 1984)

vii. Dry weight of seedlings: 71len seedlings selected for
o

seedling length measurement were kept in an oven at 83 + 2 C

for 24 nours. After drying, the seedlings were kept in a
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desiccater for cooling. The mean weight of dried seedlings
was recordzd using a top pan precision balance. Mean weight
of ten seedlings was calculated and =2xpressed ia miligrams

or grams per 10 secdlings.

viii. Field emergence: Four replications of 50 seeds were
sown at 3 - 4 cm depth with a spacing of 10 x 2 cm. The
emergence was recorded on 14th day after sowing. The

seedlings with more than 3 cm in length from the soil surface

were counted as emerged and expressed in percentage.

ix. Vigour index: Vigour index was calculated using the
following parameters and expressed as number (Abdual Baki and

Anderson, 1973).

Vigour Index = Germination X Mean total
per cent length of s=edlings (cm)
x. Electrical conductivity of seed leachate (EC): Four

replications of 5 g s2eds of ecach genotype were woulghed up
to two decimal places. The seeds were treated with acetone
tor half minute and were throughly washed in distilled water
for several times. The sea2ds were soaked in 25 ml distilled
water. Flasks were placed in an incubator at constant
temperature at 250C + 10C for 24 hours. The EC of the
leachate was measured in the digital conductivity meter
model (Sensitive conductivity cell-CCS-811). After

substracting the EC ot distilled water from the values

obtained f rom the seed leachate, the actual EZ  due (the
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leached)} to electrolytes was measured and expressed in
p mhois/cm at 250C + 10 C.

xi. Seed health test for seed borne fungi: Detection of seed
borne fungi was done by "Blotter paper" method as recommenied
by 1STA (1985)., 1Twenty-five seeds in each of 4 replications
were placed equidistantly in circles in glass petri dishes of
Y cn diameter containing three moist blotters. ‘lThe blotters
were dipped in 0.2 per cent 2,4-D solution to prevent
gernination of seeds. Sufficient moisture was maintained by
adding 0.2 per cent 2,4~D solution. 7Th=z seeds were incubated
for seven days in an incubator at 250Ci 1OC with 12 hours
light and 12 hours dark alternate cycles. After seven days,
the seeds were examined by a low power sterobinocular

microscope and the different seed borne fungi found on the

seed were recorded.

xii. Moisture content (MC): Moisture content ot the seeds was
determined by high constant temperature method as per the
ISTA (1985). Moisture content on wet basis was determined

and expressed in percentage using the following tormula .

W - W
2 3
Moisture content = ----==-wc--- x 100
w - w
i 2 1
Where, W = Wweight of dish (g)
1 .
W = Weight of dish with seed sample betore drying
2
(8)
W = weight of dish with seed sample atter drying
3

(g)
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xiii. Accelerated ageing test: The seeds ot each genotype
were subjected for accelerated ageing by exposing the seeds
to 4UOC + 10C at 98 + 2 per cent RH (Delouche and Baskin,
1973) wup to six days in an ageing chamber. The seeds were
removed and dried under shade for 48 hours. The accelerated
secds weore subjected to stendard germination test to know
their germinability.
II. Storability of Rice Genotypes as Infuluencalby Provenance
and Seed Treatment

3.3 EXPERIMENT 2

IT'wo kg of cleaned seeds were treated by using a drum
mixer with Thiram at the rate of 2 g per kg of seeds. The
seeds and chemicals were placed in the drum and was rotated
slowly until all the seeds were covered uniformly. The

treater was cleaned before teking up another treatment.

Storage procedure

Thoroughly dried and treated seeds were bagged 1in
cloth bag and the same quantity of untreated seeds of all the
8 genotypes were stored up to 19 months (Jan. 1990 to July,
1991) under ambient conditions in the laboratory of Seed

Technology Department, UAS, GKVK, Bangalore.

Treatment details for storage study
The storage study was composed of seeds of eight
genotypes produced from four locations and seed treatment

along with control. The details are as follows:
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A. Genotypes

Gl -V 208B G5 - Pushpa B
G2 - Madhu B Gt - Mangala Db
G3 - IR 54752 B G7 - Intan Mutant B

G4 improved Sona B G8 Pragathi B

B. Provenance
L1 - Main Research Station, Hebbal, Bangalore
L2 - v.C. Farm, Mandya.

L3 - Agricultural Research Station, Honnavile,
Shimoga.

L4 - Regional Research Station, Mudigere.
Seed treatment

T - Treated seeds with Thiram (2g/kg)

T1 - Untreated control

Tae tollowing observations were taken bimonthly on
radomly drawn samples adopting procedure mentioned in 3.2.1

i. Germination (%)

ii. Field emergence (%)

iii. Seedling length (cm)

iv. Vvigour index

V. Electrical conductivity of seed leachate
{u mhos/cm)

vi. Moisture content (%)
During the storage period the actual weather data on
: o]

mnean temperature ( C) and relative humidity (%) of storage

room were recorded (Appendix 1V).



74
Inside the storage room, temperature was max imum
(29.506) in the month of March 1991 and minimum (21.306) in
the month ot December 19Y0. The realtive humidity was maximum

(b2.0%) in August 1990 and minimum (33.0%) in March 1941).

I11. Study on Feasibility of Hybrid Seed Production
Through Ratooning of Parents (A/R)

3.4 EXPERIMENT 3

Hybrid seed production through main and ratoon crops

of parents

The main crop was raised during 1990 DS with the aim of
producing five hybrids and subsequently using them for ratoon
purpose (Plate 1). The following were the parents of the

hybrids and the staggering time given.

i) IR 54752A /ARC 11353 R

Sowing ot temale IR 547bZ2A - 0Oth day
Male ARC 11353 - 2 and 5 days before female sowing.
Date of transplanting : 12.1.1991

ii) IR 54752A /1R 54 R
Sowing of female IR 54752A = Oth day
Male IR 54 R = 2 and 5 days betore female
Date of transplanting : 13.1.1991

iii) IR 54752A/ IR 46 R
Sowing of female, IR 54752A = 0th day
Male, IR 46R = 2nd and 4th day betore sowing ot female
Date of transplanting 13.1.1991

iv) Intan mutant A/ IR27315 R

Sowing ot temale, Intan mutant A = Uth day

Male, LR 27315 = 12 and 1b days betore sowing temale
Date ot transplanting 14.1.1941



Plate 1: Hybrid seed production through ratooning
of parents
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v) Intan mutant A/ IR 15324 R

Sowing of temale, Intan mutant A = Uth day

Male IRI 15324 = 12 and 16 days before sowing temale

Date of transplanting 15.1.1991

For the hybrid seed production the male parents wre
staggered as per days to 50 per cent flowering. The common
planting ratio was 1:3 (male to female). 'lhe seedlings aged
30 days old were transplanted with the spacing of 20 x 10 cm,
the plot size was 10.44 m2
Isolation: Isolation distance for paddy is 3.0 m for pure
lines and 100 m for CMS line maintenance and hybrid seed
production. 1solation distance <could not be practised
during the investigation because of many other experiments on
the experimental site. Hence, pollen barriers were used by
errecting polythene sheets of 1.50 m high all around the
experimental plots to avoid pollen contamination from the

neighbouring plots.

All agronomic practices and plant protection measures
were followed as per package of practice (UAS, 1989a) and
when required. Supplementary pollination was done at peak
anthesis time by beating with bamboo stick. Both the parents
were cut (harvested) at 10 cm stubble height as required to
adjust the date of tlowering for synchronisation of parents

in ratoon crop.
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Seed production through ratooning of parents

The main crop cutting of the parents was done to
synchronise the flowering of both the parents in ratvon crop.
lmmediately after ratooning, the plot was cleaned snd
fertilized at the rate of 50 kg nitrogea, 20 kg P'Ol 40 kg
K 0 per hectare and plant protection measures werezt;ken as
aﬁd when required.

The following observations were recorded for both the
main and ratoon crops: plant height, productive tillers
number, days to 50 p=r cent flowering, panicle leagth, total
number of spikelets per panicle, filled spikelets per
panicle, seed set (%), seed yield per plant and yield pesr

hectare. The procedure for recording above observations is as

follows.

3.4.1 Field observations
Ten plants were randomly selected in each replication

and labelled.

i) Regeneration per cent : The ratio of number of plants
regenerated to the total number of plants in the plot and
expressed as percentage.

No. of plants regenerated

Regeneration (%) = ----=--------ccc--cmmmmo——-
Total N>2. of plants

ii) Ratooning ability (RA): RA was determined as the ratio

between ratoon tillers and mailn crop tillers.
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Ratoon tillers

Main crop tillers

RA

L]
|

iii) Plant height: The plant height at the time of maturity
was recorded in ceatimeters m2asured from the base ot the
sten at ground level to the tip of thne main panicle. The

average plant height was then worked out.

iv) Number of tillers per plant: 7The total numbar of tillers
was counted from the labelled plants to calculate the mean

tillers per plant.

v) Number of productive tiller per plant: All the ear bearing
tillers(with fertile spikelets) were coanted from the
labelled plants to calculate the mean productive tillers per

plant.

vi) Days to 50 per cent flowering: Numbor of days olapsced
from szeding date to the date when 50 pa2r cent of plants in a
row exerted their panicles was expressed in days to 50 per

cent flowering.

vii) Panicle length: Length of the panicle was measured in

centimeters from the tip of the panicle tothe ciliate ring at bsse.

viii) Panicle exsertion: The distance betwe=n the <ciliated
ring and the base of the flag leaf, length of panicle trom
the ciliate to the tip of the panicle were measured in terms
ot percentage or centimeter and calculated as per cent

panicle exsertion.
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ix) Number of spikelets per panicle: The number of filled

and anfilled spikelets per panicle was counted.

x) Number of filled spikelets per panicle : 'The total number
of filled spkkelets por panicle was counted and expressed in

number.

xi) Per cent seed set or per cent filled spikelets: The seed
set was calculated by using the following formula a31d
expressed as per cent seed set.
No. of filled spikelets
Per cent ss2ed setz ~=cremmecrececmn e r e e e e = x 100
No. of filled + unfilled spikelets
xii) Seed yield per plant: Total weight of the sun-dried

speds was recorded from the labelled plants to estimate the

mean seed yield per plant in gram.

x1i1) Seed yleld per hectare: Szeds from tho corrospondling
net plots were sun-dried and the weight of seeds per net plot
was recorded in kg or gram and seed yield per hectare was
directly computed.
3.5 EXPERIMENT 4 : Quality of seeds harvested from main and
ratoon crops

The F hybrid seeds obtained from the transplanted main
and ratoon irops were cleaned and dried to constnant moisture
content. The following seed quality parameters were recorded

to compare their quality viz., test weight, 10UU-seed volume,

seazd density, speed of germination, germination per cent,
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field emergence, root length, shoot length, vigour index,
sezdling dry weight and electrical coaductivity ot seed
leachate. The procedure for recording above parameter are
mentioned elsewhere in this chapter (3.2.1).

I1V. Vegetative Propagation with Tiller and Stubble/slip planting
of Parents, Hybrids and Varieties

3.6. EXPERIMENT 5
Evaluation of some CMS lines, maintainer lines, -

restorers, hybrids and varieties for their response to

vegetative propagation through tiller separation and
planting

The expeirment was conducted during 1940 DS with 36
genotypes as main crop and their respective tiller

propagated plants in split plotdesign. The plot size vas 2.25 mz.

Main plot:Propagation method: M = Main crop; T = Tiller crop;

sub _plut: Gonulypos.

A lines B lines
Gl - VvV 20A Gl10 - V 20 B
G2 - Improved Sona A G11 - Improved Sona B
G3 - Mangala A G12 - Mangala B
G4 - Pragathi A Gl1l3 - Pragathi B
G5 - IR 54752 A ' G14 - 1R 54752 B
G6 - Pushpa A G15 - Pushpa B
G7 - ES5 18 A G16 - ES 18 B
G8 - Madhu WA G17 - Madhu B
39 - Intan mutant A G18 - Intan mitant B
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Restorer lines

G19- IR 29723 G20 - IR 54

G21- IR 4o

G22- ARC 11353 G23 - IR 20

G24- IR 36 G25 - IR 15324
Hybrids

G26 - Intan mutant A/ARC 11353 R

G27 - Madhu WA/IR 46 R

G28 - IR 54752 A/IR 46 R.
G29 - vV 20 A/IR 36 R

G3U -~ Madhu WA/IR 15324 R
G31 -~ IR 54752 A/IR 27315 R
G32 - IR 54752 A/ARC 11353 R
G33 - IR 54752 A/IR 54 R

Checks
34 - Jaya

5335 - Makthi (CTH 1)

G366 Rasi

Nursery preparation: Nursery was well puddled and prepared

to fine :(iith. Basal fertilizer of 1.0 kg N, 0.4 kg P U 0.5

25
kg K O / 1000 sq ft) was applied. The pregerminated seeds
2
were sown sparsely and covered with compost. . In seedling

nursery, standing water was avoided before two leaf stage. At
three Jleaf stage top dressing was made and water level
maintained. Thirty and forty days after sowing second ;op
dressing was done with nitrogen. Nursery was kept wecd ltree

and plant protection measures were taken as required.
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Tranaplanting: Twenty-eight days old seedlings were
transplanted to main field and maintained as countrol. After
52 days of sowing seedlings were uprooted from the same
nirsery and individual tillers were separated and

transplanted in the main field in three replications.

The observations on number of tillers recovered per
plant, field establishnent per cent, plant height, number of
productive tillers, total spikelets per panicle, filled
spikelets per panicle, filled spikelets per cent and grain

yield were recorded.

Number of tiller recovered per mother plant: The total

number of tillers were counted after uprooting the mother

plent and separated by splitting and expressed as number.

Procedure for recording other obsefvations is mentioned

elsewhere in this chapter (3.4.1).

3.7 EXPERIMENT 6: Field Performance of Tiller Planted Crop as
‘Inf luenced by Age of Tiller
The experiment consisted of eight entries laid out
in split plot design during 1990 WS with three replications.
Plot size w~as 6.48 sq. m trcatment., The other details are as

tollows.
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Main plot: Age of tiller

T0 - Control (Main crop) No tiller separation.
Tl - Tiller separation after 50 days of sowing.
T2 - Tiller separation after 70 days of sowing.

Subplot:

vVl - ARC 11353 R

V2 - IR 46 R

V3 - Madhu WA/IR 15324 R

V4 - IR 54752 A/ARC 11353 R
V5 - 1R 54752 A/IR 54 R

V6 - IR 54752 A / IR 27315
Vi - VvV 20 B

v - ES 18 B

Date of sowing of control : 17.7.1990
Date of transplanting of control: 15.8.1930
First tiller separation and : 6.9.1990
planting

Second tiller separation and : 26.9.,1990
planting

Seedling nursery was prepared and vigorous seedlings
were raised as described 1in the experiment 5. Fifty (T1l) and
seventy (1T2) days old seedlings were uprooted and tillers
separation was nade. Then individual tillers were
transplanted in the main field. Twenty eight days old
seedlings (TO0) transplanted in the main field served as

sontrol.

Th=2 recomnended agronomic and plant protection measures
were followed to raise the experiment observations on numbar
of tillers obtained per mother plant during T1 and 12., Plant

height, number of total and productive tillers, filled
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splikelet (%), grain yield, days to 50 per cent flowering and
maturity were recorded.

3.8 EXPERIMENT 7: Seed Quality as Influenced by Type of
Tillers

bBuring 1990 DS two restorers viz. IR 46 (Gl1) ani ARC
11353 (G2) were grown under normal practices. At the time
of panicle emergence, the tillers were tagge:dl and numbered
periodically as the tillers reached maturity. The seeds of
particular tiller from 15 plants were subjected to test in
order to record various ssed quality attributes viz, test
weight, germination per cenat and vigour before and after
ageing. The procedure for recording, above parameters is
mentioned elsewhere in this chatper (3.2.1).

3.9 EXPERIMENT 8: Seed Production Through Stubble Cropped
Parents and Field Performance of Stubble
Planted hybrids

Main crop of4 A/B of 1990 DS was cut at 10U cm stubble
height from the base and stubble were allowved to regen=zrate.
After 12 days of cutting the regenerated were separated into
individuals and then planted in puddled plot.

Tne stubbles of 4 (A/B lines) were planted in 1:1 ratio
in 4.2 m2 plot and replicated three times during 1930 WS,
The plots were isolated by artificial plastic barriers to
provide isolation. In the same ssason four hybrids along With

three checks were stubble planted. Tne recommended agronomic

paractices were followed.
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Entries: 'A' Lines 'B' Lines
vV 20 vV 29
IR 54752 IR 34752
ES 18 Es 18
Intan mutant Intan mutant
Hybrids Checks
Madhu WA/IR 46 Rasi
vV 20 A/IR 36 IR 20
Madhu WA/IR 15324 ARC 11353

IR 54752A / ARC 11353
Observations recorded:
Number of stubbles obtained from single mother plant
Tne stubbles were split and separated into individuals

from a single moth=r planat and counted to express as number,

Field establishment of stubbles
The total number of stubbles establish=d 15 days after

planting were counted and expressed in percentage.

Plant heigat, tiller number per plant, productive
tillers per plant, yield p=sr plant and hectare were also
recorded as stated elsewhere in this chapter (3.4.1).

3.10 EXPERIMENT 9: Performance of Stubble Crop as Influenced
by Time of Main Crop Harvest

The main crop was raised during 1990 WS and was cut 3

times as per treatments and was allowad to ratoon. After 12

days, the regenerated stubbles were uprooted, tillers
‘ 2 :

scparated and planted 1in 6.96 m plot. The experimental

design was s»5lit plot replicated 3 times. 'The treatments are

as below.
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Main plots: Harvesting time

H1 - Stubibles obtainzd irom harvesting main crop at
physiological maturity.

H2 - Harvesting one week after physiological maturity

H3 - Harvesting two weeks after physiological maturity.

Sub plots: Varieties
V1l - Good ratooner - ARC 11353
V2 - Poor ratooner - Pushpa

V3 - Fl Hybrid - IR 54752 A/ ARC 11353

Ooservations recorded:

Number of plants regenerated per plot, number of
regnerated tillers per plant, field establishment per cent in
the main field after planting, height of the plant, number of
productive tillers, panicle length, filled spikelets per
panicle, yield per plant and hectare. The procedure for
recording above parameters is described in Chapter 3.4.1.
3.11 EXPERIMENT 10: Performance of Stubble Crops as

Influenced by Stubble Root Dipping

The stubble of the hybrid IR 54752A/. IR 4L R were

obtained from the main crop raised during 1990 WS,
The stubbles were separated from mother plant and roots were
dipped for 25 minutes as per treatment schedule. Then the
individ?al stubble was planted during 1991 DS in the main plot
of Z.Omz. The e<periment design was randomised block

design and replicated thrice. 7The treatment were as follows.
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Hybrid - IR 54752A/ IR 46 K
Chemicals - 1T1T - Emissan (0U.1%)
T2 - Rogar (0.1%)

T3 - Diammonium phosphate [ DAP (3.0%)])

T4 - Emissan + Rogar

T5 - Rogar + DAP

1T6 - Emissan + DAP

T7 - Control

T8 - Seedling planted check

The following observations viz.,field establishment

plant height, productive tillers per plant, panicle length,
filled spikelets (%) and grain yield. The procedure for
recording these parameters are mentioned elsewhere in this
chapter (3.4.1).
V. Influence of Planting Ratio, Synchronization of

Flowering and Foliar Spray of Chemicals on Seed Set,
Seed Yield and Quality in Hybrid Seed Production

3.12 EXPERIMENT 11(1): Determination of Optimum Planting
Ratio for Parental Seed Production
of IR 62829 A / B
The female and male parents i.e., IR 628249 A and B were

planted with eight ratios as follows:

Planting ratio (male to female)

T - 1:2 TS - 2:4
T2 - 1:3 TG -~ 2:6
T3 - 1:4 1T7 - 2:8
T4 - 1:5 8 - 2:10
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The experimental design was RCBD with 3 replications.
The plot size was 14 mz. Since 'B' line flower earlier than
'A' line, two staggering of B lines was done by sowing 4 and
& days later. The transplanting was done on 21.2.1992.
lsolation was created by errecting polythene sheets as
described earlier. Recommended agronomic practices were
tollowed during the crop growth. Thorough roguing was done
in both male and female plants at vegetative stage,
tlowering &and harvest. GA’ (60 ppm) was sprayed at 5 per
cent panicle emergence and supplé;entary pollination was done by rope

palling at pe2ak anthesis.only one time., At physiological maturity, the

mile parents was harvested tirst and tnen the female.

UObservations were recorded:
Number of productive tillers per plant, panicle length,
total spikelets per panicle, tilled spikelets per panicle,

seed set per cent, secd yield per plant and per hectare.

3.12.1 EXPERIMENT 11(ii) : Determination of Optimum Planting
Ratio for Hybrid Seed Production
of IR 62829 A/ IR Y761 -19-1 R

The experiment was carried out during 1992 DS, involving

IR 6289A as temale and IR 9761-19-1 R gs male parent.

The design was RCBD with 3 replications having the plot size
2

of 14 m . Treatments composed of 8 planting ratios as

described in experiment 11 (i). All the agronomic, seed



technological practices tollowed and

observations

were as mentioned in the experiment 11 (1i).

3.13

D/S

EXPERIMENT 12 (1i): Synchroniza
Maintenance of IR 62829 A/B

The

tion of

88

recorded

Flowering 1in

experiment was laid out during 14992 DS
the following parental lines.

Female - 1R 62829 A

Male - IR 62829 B

Row ratio - 2:4 male to female

Female - 14.2.1992

Male - 16.2.1992, 18.2.1992

20.2.,1992, 22.2.1992

n/p

replicated

following staggering treatments

The

- 17.3.1992

experimental design was randomised

3 times. The plot size w

1reatments:

T1

T2

T3

14

To

TOo

17

18

2

4

(sowing male 2 days after
(sowing male 4 days after
(sowing male 6 days after
(sowing male 8 days after

(out of 2 male rows, . one
and second as in T4)

(out of 2 male rows, . one
and other as in 13)

(out of 2 male rows, : one
and other as in 14)

(out of 2 male rows, : one
and other as in T4)

2

as 11.25m

female)
temale)
female)
temale)

row was

row was

row was

row was

sown

s80wn

sown

sown

involving

w

as

as

as

as

block and

ith the

with a row ratio ot 2:4.

in 11

in T2

in T3

in T2



3.13.1

Experiment

hybrid

12 (ii) Synchronization of

89

in
IR

flowring
seed production of

62829 A/IR 9761-19-1R

The experiment was laid out during 1992 DS involving IR

6282Y A as female and IR 9761-19-1R as male.

D/S Female

Male

D/P
The
replications.
treatment
raio

common row

Treatment:

second sown as in

TT - 7 (sowing
T2 -9 (sowing
T3 - 11 (sowing
14 - 13 (sowing
15 - 7,9 (out of
T6 - 9,11 (As
17 - 9,13 (As
T8 - 11,13 (As
In case of
line flowers
of IR 62829

was staggered 4 times by sowing after female.

stage

following

experiment. .

combinations

earlier to female.

- 14.1.1992
- 21,1.1992,
25,1.1992,

- 25.,2.1992

was laid

The plot size was 13.5 m

(staggering

of 2:4 (male

male 7 days after

male Y deys atter

male 11 days after
male 13 days after

2 male rows,
T2)

in T2 and T3)
in T2 and T4)

in T3 and T4)

IR 62829 A/IR 62829 B the male

A/ 1R 9761-19-1

tlag clipping and spraying GA
3

observations were common in both

to

one row sown

In hybrid seed

23.1.1992
27 .1.1992
out in RCBD with 3
2
with the following
of male parent) and a
female) was adopted.
female sowing)
female sowing)
female sowing)
female sowing)
as 1in T1 and
parent 'B!

production

R the male parent

At boot leaf
(60U ppm) was done. The

the experiments
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12(i) and 12(ii) wviz., flowering behaviour, number of

productive tillers, filled spikelets per panicle, seed set
per cent, seed yleld per plant and per hectarc. l1he proceduro
for recording the above observations is mentioned elsewhere

in this chapter (3.4.1)
3.14 Experiment 13: Eftect of Folliar Chemical Spray on
Outcrossing and Seed Yield
The experiment was laid out during 1990 WS , involving

IR 54752 A and maintainer IR 54752 B.

DB/S: A line : IR 54752 A - 8.7.1990
B line : IR 54752 B - 10.7.1990 and 12.7.1990
D/P: 9.8.1990

Row ratio 1:3 (male to female)

1reatments:

11 - Control
12 - Gibberelilic acid (GA ) .... 60 ppm
3
T3 - Urea (1.5%)
14 - Urea (2.0%)
15 - KNO (1.0%)
3
T6 - KNO (1.5%)
3
17 - Boric acid (0.5%)
T8 - Boric acid (1.0%)
The experiment was laid out in RCDB with 3
2
replications and a plot size of 7.02 m . Since the

maintainer line (IR 54752 R) comes to tlowering early by 4
days, 50 per cent of seeds were sown two days and four days
after sowing of the female parent. Chemicals were sprayed as
per treatment at booting stage and two per cent flowering both

the parents. The following observations viz., plant height,
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number of productive tiller per plant, panicle exsertion,
panicle length, filled spikelets per plant, seed set per
cent, seed vyield, yield per plait, per hectare and test

weight were recorded as per the procedure described in 3.4.1.

3.15 EXPERIMENT 14: Seed Quality as Influenced by Lloliar
Chemical Spray

The seeds harvested from the female line of the
experiment 13 were cleaned and dried to safe moisture
content (12 %) and subjected to folliowing observations.
viz., germination per cent, field emergence per cent, shoot-
root 1length, vigour index, seedling dry weight and AA test

response. Procedure for recording above parameters is

mentioned in 3.2.1.

3.16 Statistical Analyses

The experimental data were analysed statistically by
following the analyses of variance technique appropriate to
design outlined by Cochran and Cox (1965), Sundararaj et al.
(1972)., The 'F' test critical differences, standard error of
means, have been provided. The results and discussion are
based at probesbility level of 5 per cent. Some of the data
in percentage were transformed 1in to arcsin root

transformation before analysis.
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EXPERIMENTAL RESULTS
The present investigation involved both +field and
taboratory experiments in order to generato roquired rosults
to meet the objectives. The results of these experiments are
presented in this chapter.
EXPERIMENT -1

4.1 Seed Quality as Influenced by Genotype, Provenance and
Season

The seed quality of eight genotypes (maintainer lines)
viz., V 20 B (G1), Madhu B (G2), IR 54752 B (G3), Improved
sona B (G4), Pushpa B (G5), Mangala B (G6), Intan mutant B
(G7) and Pragathi B (G8) produced {rom four locations
viz., Bangalore (L1), Mandya (L2), Shimoga (L3) and
Mudigere (L4) during two seasons viz., Wet season (S1) and
Dry season (52) was assessed in the laboratory experiment.
The results recorded with respect to the tollowing seed
characteristics and seed quality attributes as intluenced by
genotype, location, season and their interactions are
presented herein.

4.1.1 Seed Characteristics
4.1.1.1 Test weight

Data on test weight as influenced by genotype,
production location, season and their interactions are

presented in Table 1 and Fig. 1.

Genotypes differed significantly for test weight. G1
registered the highest test weight (25.Y2 g) tollowed 1in
order by G3 (24.28 g), G8 (23.04 g) and G6 (22.85 g). 't he

lowest weight was shown by G5 (19.04 g).
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Significant differences were noticed among the
locations for test weight. L2 recorded the highest weight
(22.97 g) followed in order by L1 (22.77 g), L3 (22.03g) and
the 1lowest by L4 (21.15 g). Statistical analysis did not
indicate significant difference between the two seasons for

test weight.

Interaction effects between genotype and production
location was found to be significant in respect of test
weight. G1L1 registered the highest value being on par with
G1L2, and it differed significantly from G1L3 and G1L4; G3L2
and G3L1 were on par. Though the genotypic differences
existed, the same genotype registered values in a declining

trend from L1 or L2 to L3 and L4.

Interaction between genotype and season was significant
for test weight. The genotypes G1, G3 and G8 from S2 geason
recorded higher test weight than their respective values 1in
S1. But the rest of the genotypes showed reverse trend. The
interaction between location and season registered
significant difference, except in L1, Genotypes from the rest
of the locations produced in S2 recorded higher mean values
than those produced in S1. The interaction eftects among G x

L x S were not statistically significani.
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4.1.1.2 Seed volume
The observations pertalning to thousund seed volume as
influenced by genotype, production location season and their

interactions are given in Table 2.

Seed volume differed significantly among the
selected genotypes, Gl recorded the highest (18.11 cc) seed
volume followed in order by G3 (17.68 cc), G8 (17.31 cc) and
G7 (16.43 <c¢c). G5 recorded the lowest seed volume (13.96
cc). Locations differed significantly for seed volume. L1
(16.50 cc) recorded the highest and was on par with L2
(16.46 «cc) and these two were significantly superior to L3
(16.18 <c¢cc) and L4 (15.98 cc). Season S1 and S2 were on par
with sach other due to seed volume, irrespective of genotype

and location.

Interaction between genotype and location was
significant. L2G1 combination was superior to the rest and
was followed 1in order by L1G3, L2G3 and L1G1l. Significant
interaction effect was observed due to genotype and season.
Genotypes produced in S1 recorded significantly higher
values for seed volume than in S2. G1S1 topped the list

followed in order by G351, G1S2 and Gb5S52.

Genotype produced in 51 recorded significantly higher
100U-seed volume than in S2 in all locations. Among ‘the
combinations L1151 registered the highest wvalue but was on

par with L2551 followed by L3S1l, L1S2 and L2852, The
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interactions among genotype, location and season were found

to be nut significant.

4.1.1.3 Seed density
The data on density of seeds as influenced by genotype,

location, season and their interactions are presented in

Table 3.

Significant difference was observed for seed density
among the genotypes. G1 recorded significantly the highest.
value (1.43 g/cc) followed in order by G6 (1.40 g/cc), G3
(1.37 g/cc). The lowest density was observed in G7 (1.32
g/cc) and G8 (1.32 g/cc). Results indicated signiticant
differences in seed density due to production locations. L2
(1.39 g/cc) registered the highest followed by L1

(1.37g/cc), L3 (1.36 g/cc) and L4 (1.32 g/cc).

Season S2 recorded significantly higher density (1.38
g/cc) than S1 (1.34 g/cc) irrespective of genotype and

location.

The 1interaction effects between genotype and location
were found to be neglegible. However, high values for seed
density were recorded by G6L2, GiL1, G1L2, G1L3 and G6L1 over

the rest of the combinations.

Genotype and season interaction was found to be
statistically significant for seed density. G152 topped the

list followed by G6S2, G151 and G352. The combinations
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G182, G3S2, G652, G7S2 and G8S2 recorded significantly higher
sced density than their respective values in S1. But G252 and
G452 registered lower values than their respective values in
S51. The 1interaction between location and season was not

significant . 'The same was also true for G x L x S.

4.1.2 Seed Quality
4.1.2.1 Germination

Initial germination percentage as influenced by
genotype, location, season and their interaction effects are

presented in Table 4 and Fig 2 and 3.

Genotypes differed significantly for germination per
cent. G1 recorded the highest germination (96.0 %) followed
by 65 (95.7 %) and G6 (95.5%). ‘lhe lowest germination was
registered by G3 (93.3 %). Significant variation in
germination per cent was noticed among the locations.
Genotypes from Mandya recorded the highest germination (87.0
%) followed by those from Bangalore (95.8 %) and Shimoga,
(93.7 %) and the lowest was recorded by the seeds from
Mudigere (Y2.2 %). Genotypes produced in dry season
registered significantly higher germination (94.9%) than
those produced in wet season (94.4 %) irrespective of

genotype and location.

Interaction effects between genotype and location

indicated significant difterencecs. G1L2 registcred the



100

apsIpW = 1 ‘eSoumyg = €1

wsz=as A1 = 75 ‘WDSESS 19y = IS

‘2ApeN = 771 ‘amoreSueg = 71 ‘g TpeSeld = g0 g BRI WBlU] = /9
‘g ereSuen = 99 ‘g edsng = ¢ g ews moxdy] = $9 g ZGH/T = €9 g PN =29 gA = 19

®M'T (S0 080 ‘T @0 00 /S0 % 18 *TD

85’0 TZ°0 62°0 ‘0 oo ¥T'0 120 +IH°'S

XTI SXT SO T S 1 9
7'76 L'€6  0°L5 8°S6 676 ¥°¥6 G'Z6 616 ©'P6 TI°€6 0°L6 696 866 8°CH usaN
C'T6 9'€6 9°L6 ¥'G6 96 T'96 T°€6 c'ep S°68 296 ST6 066 2°96 's6  0°S6 )
066 9°¢6 ¥°G6 9¥6 V6 LT 8°E6 L'S6 €76 L'¥F SZ6 CG6 €6 976 676 LD
876 T 186 696 GG €G6 L°C6 O'C6 G676 6°€6 TH €16 68 €96 OB 99
7'66 876 08 0L6 L°'G6 8G6 9°G6 ge6 66 0°G6 SF6 8°L6  7°86 896 LA (s3]
076 206 096 8'%6 OE€6 T€F O0°€6 716 806 006 G06 096 096 TG6 GS¥6 )
L'T6 G€6 9°%6 PES E€€6 6726 L°E6 IR 2726 0°€6 O%6F L'P6 S'¥6 L'75 796 £9
T°¢6 0'P5 ¥L6 $'96 766 @S 9°%6 %5 026 0°S6 O0€ GL6 TL6 '96 0°96 79
16 096 9°95 @46 096 9'S6  T1°96 68 S'E6 SL6 SF6 786 066 086 GL6 10

s 1S s 1S 7S 18 73 1S

¥1 €1 71 TI 75 18

) - 71 o1 z1 T1 sadfjoten

(71 x 9) W0 W (S X D) U

(X7 X9 WSess / WNx0]

S0TJ UT S133]]8 WTI0RIBIUT JIA] PUB Wseas ‘wprieoo] ‘adAiows8 Aq peowsnyjur se (%) WTleurumes Teritul

"7 9lEL



'NOILYO017 ANY IdALON3D
N3I3IML38 NOILOVHILNI A8 d3ON3NT3NI
SV (%) NOILYNINH3D TVILINI '€ OI3

o

AN

.....

rk\ T

(%) NOILYNIWH3D



101
highest germination value (98.6%) which was on par with G1L1
(97.8%) and significantly above G1L3 (96.0%) and GlL4
(91.5%). Interaction between genotype and season was
significant. G181, G3S1 and G2S2, G7S2 and U852 recorded
gigniticantly higher germination but G4S1 and G4S2, (5S1 and
G552, and G651 and G652 were on par with each other. 1.352 and
482 differed significantly from L3S1 and L3S2. But these
two locations were on par with each other. The interactions
among G x L x S5 were found to be significant with respect to

germination.

4.1.2.2 Speed of germination
Speed of germination as influenced by genotypes,

season and their interactions are presented in Table 5.

Genotypes differed significantly for speed of
germination. Genotype G1 recorded the highest spoed of
germination (31.6) followed by G5 (30.3) and G8 (30.1). The
lowest was registered by G4 (29.0). Significant differences
were noticed among the four locations due to speed of
germination. The L2 recorded the signiticantly higher value
(33.0) followed by L1 (31.4), L3 (29.1) and L4 (26.0)., S2
season recorded significantly higher speed of germination

(30.3) than S1 (29.5), irrespective of genotype and location.

Interaction between genotype and location caused "for
significant differences in respect of their characters. G1L2

registered the highest speed of germination (34.6) which was
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on par with G1L1 (33.7) and significantly above G1L3 and
G114 (27.5). Similar trend was recorded by other genotypes

in interaction with other locations.

Interaction effects between genotype and season were
significant. G2S2, G452, Gb5S2, G782 were highly significant
and G152, GbS2, G8S2 were onpar with the same genotypes from
wet season (S1) with respect to speed of germination. T7The
interaction between location and season was found to be
signiticant. L2S1 (33.1) recorded the highest during S1 and
L2651 (32.9) during S2 over other interactions of LxS in
respective seasons. The interactions due to GxLxS were also

found to be significant.

4.1.2.3 Fleld emergence
Field emergence percentage as influenced by genotype,
location, season and their interactions are presented in

Table 6.

Field emergence was found to differ significantly among
the genotypes. G1 (92.6%) was significantly superior to G5
(90.3%), G2 (90.1%) and G6 (8Y.3%). The significantly 1low
per cent field emergence was registered by G8 (87.7%). Gb
was on par with G2 and G3 with G4 and G7. GSignificant
ditfference was noticed among locations tor per cent field
emergence. L2 recorded the highest (93.3%) followed by’ L1
(91.5%) and L3 (87.5%). 'lhe lowest value was registered by

L4 (84.9%) for field emergence percentage. very
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insignificant difference was noticed between seasons for per

cent field emergence.

Interaction effects between genotype and location were
significant. G1L2 was signiticantly superior to G1lL1,G1L3
and G1L4. The genotype G5 from L2, G2L2 showed the same trend
ot emergence. Irrespective of location, the interaction
between genotype and season was significant for per cent
field emergence. G1Ss2, G2S2, G4s2, G7s2, G852 were
significantly superior to the same genotype from S1 season
while G3S2, G562, G6S2 were inferior. The interaction due to
location and season was significant. For the particular
season S1, L2S1 recorded the highest value tolluwed by L1651,
L351 and L4S1. For the season S2 also, similar trend was
observed. The interaction effects due to GxLxS were {ound

to be significant for field emergence per cent.

4.1.2.4 Seedling length
The data on seedling length as influenced by
genotype, location, season and their interaction effects are

presented in Table 7.

Genotypes differed significantly for seedling length.
G1 recorded the highest length (27.3 cm) followed by G8 (26.4
cm), G5 (25.1 <cm) and G6 (24.1 cm). The lowest seedling
length was observed in G7 (20.2 cm). Significant differences

were noticed among the locations due to seedling
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length, L2 was superior (25.5 cm) to L1 (24.8 cm), L3 (23.9
cm) and L4 (21.8 cm). Seedling length did not ditter
significantly due to season. However, S2 (24.1 cm) recorded

numerically greater seedling length than Sl (23.9 cm).

Interaction effects between genotype and location were
tound to be significant for seedling length. All genotypes
trom L2 registered higher values except G5, G7 and G&8. All
the genotypes from L3 were inferior except G7 for seedling
length, Interactions between genotype and season was
significant. Except the interaction Gls2, all the
combinations were on par with respective genotypes in S1
season, Significant interaction was observed between location
and season for seedling length. The genotypes produced trom
L2S1 were superior to those produced from other locations in
the same season, but L4S1 was inferior. ' Genotypes trom same
location produced in different seasons were on par with each
other though numerically higher values were recorded in S2
season. The interactions between genotype, location and

season were found to be significant for seedling length.

4.1.2.5 Vigour index
The data on vigour index as influenced by genotype,
production location, season and their interactions are given

in Table 8 and Fig. 4 and 5.

Genotypes differed significantly tfor wvigour index

irrespective of location and season. Genotype G1 recorded
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the highest vigour index (2626) followed by G8 (2501) and

G5 (2409). The lowest vigour index was registered by G7
(1900b) . The genotype G2 and G3, G4 and G7 were all on par.
Vigour index diftered significantly due to 1locations. The
location L2 registered the highest vigour index (2479Y)
followed in order by L1 (2395), L3 (2240) and the lowest by
L4 (2007). Significant difference was not observed between

the two seasons S1 (2264) and S2 (2298) for vigour index.

The interaction between genotype and location was
significant for vigour index. G1L2 was superior to the rest
of the 1locations with G1 combinations. This was closely

followed by G7L2 and G5L2.

Genotype and season interactions at various locations
were not significant. The interaction between 1i) location
and season and 1i) genotype, location and season were not
significant for vigour index.
4.1.2.6 Electrical conductivity of seed leachate (EC)

The data on electrical conductivity of seed leachate as
influenced by genotype, location, season and their
interactions are given in Table 9.

Significant differences were observed among the
genotypes due to EC. The genotype G1 (146 u mohs/cm) recorded
the 1lowest EC and was on par with G6 (147 M mhos/cm) . This
was followed by G5 (148 p mhos / cm). The highest EC was
recorded by G8 (165 u mhos / cm) followed by G7 (159

mhos/cm) .
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EC differed significantly among the locations under the
study. L2 (141 M mhos/cm) registered the lowest LLC tollowed
by L1 (152 p mhos/cm}, and L3 (158 M mhos/cm). ‘The highest
EC was recorded in L4 (164P mhos/cm) . Significant difference
was noticed between the seasons in EC. Seeds produced in dry
season recorded significantly lower EC value (153 M mhos/cm)

than that produced in wet season (155 p mhos/cm) .

The interactions due to genotype and location were
significant. All the genotypes produced from the L2
registered the lowest EC followed by L1, L3 and L4. The
interaction G1L2 recorded the lowest EC followed by Gb6L2,
G2L2, G5BLZ2, G1L1 and G4LZ2. The highest EC was observed in G8
in all locations. Significant differences were also observed
due to 1interaction between genotype and season. ‘The
combinations G1s2, G2s2, G3s2, G4S2 and G8S2 showed
significantly lower EC as compared to their respective data
in S1. Genotype G8 recorded highest EC in both the seasons.
The interaction between location and season was significant.
The seeds from S2 in L2, L3 and L4 showed significantly lower
EC than S1 but seeds from season S2 of L1 were on par with
S1 in EC. The interactions due to G Xx L x S were also

significant.

4.1.2.7 Accelerated ageing response (AA)
The data on germination per cent due to AA response as
influenced by genotype, production location, season and their

interactions are presented in Table 10.
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Sceds differed significantly for germination after AA.
Gh (83.7 %) and G8 (83.7 %) recorded the highust und cquul
germinability followed by G6 (82.1%) and G1 (81.7%). 1he
lowest germinability was observed in G3 (70.9%) and G7(70.9%)
Results indicated signiticant difterences among the
locations for germination after AA. L2 (83.4%) registered the
highest germination followed by L1 (82.1 %), L3 (76.2%) and
L4 (71.7%). Accelarated ageing response of seeds did not

differ significantly between two seasons.

Interaction between genotype and location was
significant for germinability after AA. All the genotypes
from L2 recorded comparatively the higher germination per
cent followed by L1. The lowest germinability was registered
by seeds produced at L4. The combination G5L2 showed the
highest germination per cent followed by G8L2, G8L1 and G1L2.
Interaction eftects observed due to genotype and season were
neglegible for AA response. Location and season due to
their interaction showed significant differences for
germinability due to AA. In Ll and L2 the interaction means
were on par with each other between S1 and S2. A significant
difference was observed in S2 season over S1 in L4 location.

The interactions between Gx L x S were not significant.

4.1.2.8 Seed borne fungi
Among the eight genotypes studied, the maxiimum number
ot seed borne fungi were detected on IR 54752B followed by

Improved Sona B and Intan mutant B (Table 11). Seed produced
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Table 11. Seed borne fungi detected in the seeds of 8 rice
genotypes produced at four locations during
initial period of storage

Pathogens
Genotype Location  -----—---—-------------------------

V 20 B L1 + -

-
w
|
I
+ + + +
|

Madhu B L1 - + - + - -

-
P
!
|
+
+
+

IR 54752 B L1

-

w
+ + 1+
+ o+ o+ 1
+ o+ 4+ 1
+ o+
s o+
+ 4+ 1+

Improved Sona B L1

-

w
+ 4+ 1+
+ o+ +

to

I
01+
+ o+ 1+

Pushpa B L1

-
w

+ 1+ 1
+
[

+ + 1+
!

Mangala B L1 -

[
N
'

+ 1+ +
I
|
i

+ |
+

-
o~
+

Intan mutant B L1

-

[¥%)
4+
+ +
U+

i

Pragathi B L1

-

N
+ 1+

b+

+ + 1+

1) Alternaria alternata 2) Alternaria longissima

3) Curvularia lunata 4) Helminthosporium oryzae

5) Fusarium spp. 6) Trichoconis padwickii :
L1 = Bangalore; L2 = Mandya; L3 = Shimoga; L4 = Mudigere
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at Mudigere recorded the maximum incidence followed by
Shimopa, Bangalore and Mandya. Irrespectivo of gonotype and

location, the incidence of A. alternata, A. longissima and C.

lunata was more and on par as compared to H. oryzae, Fusarium

Spp. and T. padwickii.

EXPERIMENT -2

4.2 Seed Storability as Influenced by Genotype, Production
Location and Seed Treatment

The storability of eight genotypes viz., V 20 B (G1),
Madhu B (G2), IR 54752 B(G3), Improved sona B (G4), Pushpa B
{G5), Mangala B (G6), Intan Mutant B(G7) and Pragathi B (G8)
produced from four locations viz., Bangalore (L1), Mandya
(L2), Shimoga (L3) and Mudigere (L4) and with seed treatment
(T1) and without (T2) was studied in this experiment for 19
months (1990 January to 1991 July)}. The data recorded with
rcspect to the following attributes were studied by drawing

bimonthly intervals and the results are presented beclow.

4.2.1 Germination

The data on germination percentage during storage as
influenced by genotype, 1location, seed trestment and their
interaction effects are presented in Tables .12, 13 and 14

and Fig. 6, 7 and 8.

Irrespective of genotype, location and seed treatment,
a steady decline 1in germination (94.7 - 81.8%) was observed

with progressive increase in storage period. The germination
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percentage differed significantly among the genotypes in all
the months of storage (Table 1Z). 7The germination percentage
was tound to decline as tollows G1: Y6.0 to 84.1; G2: 95.2
to 84.2; G3: Y3.3 to 77.,Y; G4: 43.0 to 79.0; GH: Y5.7 to
84.7; Gb6: Y5.5 to B84.0; G7: 94.2 to 77.8; and G8:9Y4.6 to 82.9.
at the end of 19th month after storage. Among the genotypes
v 20 (G1l) recorded the highest germination percentage
throughout the storage period, except for 17th and 19th
month, while Improved sona (G4) recorded the lowest {from
initial to 15 month and IR 54752 (G3) from 17th month onwards

up to the end of the storage period.

the germination percentage was found to ditfer
significantly among the location throughout the storage
period. 'Ine seeds produced from Mandya were signiticantly
above the other locations throughout the storage period.
The germination percentage of seeds produced f{rom Mandya
declined from initial 97.0 to 86.8 per cent at the end,
tollowed by those produced at Bangalore (95.8 to 85.6 %),
Shimoga (93.8 to 78.8 %) and Mudigere (92.2 to 76.2 %).
Treated seeds registered the higher germination percentage
(4Y4.3 to 85.8%) than untreated seeds (94.0 to 78.2%)

throughout the storage period (lable 13).

interactions between the genotype and 1location were
found to be signiticant for germination throughout the
storage period (lable 13). Genotypes G5, G1, G6, G2 and G8

exhibited better germination till the end of storage period
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Toble 12, Gerandnation (%) us indluoncad by genotype, locotion and scoed Lrcatment
during storage

Month atter storage
T e tNeN L6 e~ m o m e e et e e e e e e e e e e e e

1 3 5 7 Y 11 13 1b 17 1y

Genotypes

Gl 96.0 95.9 95.4 94.9 44.5 83.3 92.0 89.6 87.3 84.1
G2 95.2 94.5 93.7 93.4 Y2.9 Y1.8 Y0.7 88.9 87.1 84.2
G3 93.3 3.1 92.4 91.7 90.Y £9.5 87.7 85.3 82.1 77 .9
G4 63.0 v2.0 91.8 90.8 90.0 88.8 87.4 8.2 $2.4 79 .0
Gb 95.7 95.5 94.% 44.5 94.8 92.7 1.3 9.6 87.6 B4.7
G6 95.5 95.5 95.0 94,4 94.0 92.7 91.2 84 .4 67.1 84.0
G7 Y4.2 93.2 Y2.5 91.7 0.7 89.4 87.7 84.Y 82.0 77 .8
G8 94.06 93.7 93.2 42.5 y1.9 90.9 89.5 87.8 85.0 82.9
pean 94.7 94.2 Y3.6 93.0 92.3 91.1 89.7 87.6 85.Z 81.8
S.Hn+ 0.2 0.18 0.30 0.26 0.17 0.19 0.18 0.19 0.21 v.21
C.D.5 % 0.57 0.48 0.82 .71 0.46 0.53 0.51 0.53 0.57 0.56
Locations

L1 95.8 Y5.7 4.9 94.y 94.0 ¥y3.1 41.7 90.3 88.2 8b.b
L2 97 .0 7.0 5.7 5.7 95.4 94.4 43.0 Yi.6 90.1 8b.8
1.3 93.8 92.6 Y92.2 91.1 90.6 89.3 v8.0 84.6 b2.0 78.8
L4 92.2 91.4 Y1.0 0.3 89.3 87.7 8b.2 83.6 80.3 76.2
Mean v4.7 94.2 Y3.b H3.0 92.3 91.1 89.7 87.5 85.1 81.8
Sl .15 0.12  0.21 0.18  0.12 0.14 0.13 0.14 0.15 (.14
C.D.5 % 0.40 u.34 Uu.58 0.8 0.32 uU.386 .36 0.37 U.41  0.40

e —— e e T T s P B s G D Tt = D A A S . S D s D e e PO O Gy S - s W > e - o S - - — - 4o - .

T1 - 94.3 93.9 93.4 93.1 92.4 91.4 89.8 8s.U 85.8
T2 - 94.0 93.3 Y2.6 91.6 &Y. BB.U H5.4 82.3 78.2
Mean - 94.2 93.6 93.0 92.4 91.2 89.7 87.0 85.2 81.%
S.Hn+ - 0.9 0.15 ¢.13 0.08 0.0 0.09 0.10 0.10 0.10
C.D.LH % - v.24 0.41 0.36 0.23 0.27 Uv.25 0..6 0.2 v.28
Gl = V20b; GZ = Madhu B; G3 = IR 54752; G4 = Improved Sona b; Gb= Pushpa b;

(6 = Mangala B; G7 = Intan mutant B; G8 = Pragathi b; L1 = Bungalore; LZ = Mandya
L3 = Shimoga; L4 = Mudigere, Tl = Treated; T2 = Untreated.
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Table 13 . Germination (%) as influenced by interaction of genotype and
location during storage

Month of ter storage

GENOLYPES  —m e e e e e e e e e e e —
i 3 5 7 9 11 13 15 17 19
Location 1 (Bangalore)
G1 Y7.7 98.1 Y7.9 7.6 96.8 96.0 94.8 9Y3.5 91.4 88.7
G2 6.3 96.0 96.0 95.5 94,56 43.6 H2.7 91.7 90.6 88.7
G3 3.4 93.6 93.2 92,3 Y1i.6 9Y0.4 88.5 B87.0 B4.5 80.8
G4 va4.8 4$3.2 Y3.5 92,3 91.6 90.6 89.1 ¥7.8 85.0 82.2
G5 97.0 Y7.8 97.5 97.0 9Y6.2 95.4 94.2 9Y3.0 Y1.6 8Y.B
G6 96.9 97.0 97.1 96.1 9Y5.1 94.2 2.5 yi.4 89.4 87.4
G7 94.8 93.8 93.9 93.0 91,7 90.6 89.0 87.1 84.3 80.0
G8 $5.3 96.2 96.2 9Y5.4 94,9 93.8 92.5 yYl1.2 88.8 87.0
Meon 95.8 Y5.7 95.7 Y4.9 Y4.1 93.1 91.7 Yu.4 8.2 85.0
Location 2 (Mandya)
G1 98.6 98.8 4Y7.2 97.0 97.2 Y6.3 Y4.8 93.4 92,0 8Y.06
G2 97.4 97.2 45,0 95.4 95.8 $4.6 93.4 y2.3 Y1.2 8y.b
G3 v4.6 94.3 93.2 93.3 92.5 91.4 89.6 88.0 85.6 82.0
G4 96.0 95.1 92.3 93.2 93.3 92.2 0.6 89.5 87.7 84.5
G5 98.0 98.4 96.1 97.1 96.8 6.0 94,4 Y3.3 92.0 u9.4
Gb6 8.1 4Y9.1 97.2 98.0 y7.6 96.6 9Y5.1 94.0 9YZ2.6 89.1
G7 5.4 46.2 Y3.9 95.2 Y4.3 9Y3.2 Yi.0 bYy.7v 87.7 82.9
G8 97.6 96.8 94.7 Y6.3 Y5.9 95.1 94.2 93.1 9Y1.9 88.7
Mean 97.0 97.0 95.0 95.7 95.4 94.4 43.0 41.7 9Y0.1 86.8
Location 3 (Shimoga)
G1 96.0 93.7 43.2 92,8 YZ2.b 61.2 Y0.u Bb.2 83.8 8uU.7
G2 §4.0 93.0 91.9 9Y1.6 91.1 Yo.u 88.8 86.1 83.7 1.2
G3 93.5 4Y3.0 yv1.7 91.1 You.7 89.3 87.8 83.6 80.1 7b6.1
G4 90.3 BY.6 89.0 B8.0 87.1 5.8 4.6 b1.1 78.3 75.0
G5 v4.8 93.8 92,56 92.3 9Y1.7 Y0.7 H9.3 86.3 84.3 Y1.4
G6 94.1 95.0 93.5 93.2 93.0 v1.8 Yu.7 87.6 85.6 82.0
G7 93.6 91.4 9Y0.2 8.5 88.7 87.3 85.4 81L.0 77.7 74.4
G8 93.8 91.5 90.4 Y0.6 89.8 88.6 87.1 84.4 2.0 79.3
Mean 3.8 92.6 91.6 91.1 90.6 8.3 88.0 84.5 81.9 78.8
Location 4 (Mudigere)
G1 Yy1.5 93.1 4Y3.3 2.2 9Y1.3 89.8 88.3 85.4 82.0 77.6
G2 93.1 92.0 92.0 v1.2 90.2 89.u 87.7 BLH.L B2.7 18B.5
G3 91.7 91.4 91.3 Yu.3 88.8 86.8 85.1 82.2 78.U0 72.5
G4 91.0 9Y90.1 Y2.4 89.8 88.1 86.7 85.1 82.8 78.6 74.1
G5 93.1 92.0 93.5 9Y91.b Y0.3 88.7 87.4 85.7 82.4 78.3
GG 92.8 4Y1.1 91.8 90.3 4Yu.1 68.0 80.6 8B4.6 8U.8 77.4
G7 93.0 Y1.4 2.0 89.2 88.3 86.8 84.7 81.9 78.2 74.0
G8 91.5 9Yu.3 9v1.6 87.7 87.0 86.2 84.3 2.4 79.8 76.6
Mean v2.2 91,4 92,2 90.3 8Y.3 7.7 86.2 83.8 80.3 76.2
S . Hn+ 0.41 0.35 0.59 0.52 0.33 0.3s 0.36 0.38 0.41 0.4
C.D.5% 1.14 0.97 1.64 1.42 0.¢2 1.07 1.01 1i.06 1.14 1.12
Gl V20B; G2 = Madhu B; G3 = IR 54752B; G4 = Improved Sona b; Gb= Pushpa B;

G6 = Mangala B; G7 = Intan mutant B; G8 = Pragathi B;
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Tanle 14 . Germmination (%) as influenced by interaction of (1) genotype

and seed treatment (2) location and seed treatmeat during storage

Month atter storage
Genotypes 13 15 17 19
T1 T2 T1 T2 T1 T2 T1 T2
Gl: v20 B 93.4 90.6 91.6 87.6 90.1 84.6 87.8 80.5
G2: Madhu B 92.2 89.2 0.8 87.1 89.5 84.6 87.6 81.0
G3: IR 54752 B 89.4 86.1 87.3 83.0 84.9 79.2 81.6 74.1
G4: Impruved 89.3 85.4 87.7 82.9 85.2 79.5 82.4 175.6
Sona B

G5: Pushpa B 92.8 89.8 91.3 87.8 89.7 85.4 87.6 81.8
Gb: Mangala B 3.0 89.5 91.6 87.2 90.0 84.2 88.0 80.2
G7: Intan Mutant B 9.2 85.0 87.9 81.9 85.8 78.1 82.2 73.4
G8: Pragathi B 91.2 87.8 89.8 85.8 88.5 82.7 86.4 79.3
Mean 91.4 88.0 89.8 85.4 83.0 82.3 85.4 78.2
S .Em+ 0.26 0.27 0.29 0.28
C.D. at 5% 0.71 0.75 0.81 0.60
Location
L1 : Bangalore 93.5 89.8 92.4 88.3 90.8 85.6 88.6 82.5
L2 : Mandya 94,5 91.4 93.6 89.8 92.4 87.5 89.9 85.8
L3 : Shimoga 89.8 86.1 7.0 82.1 86.1 78.8 82.7 174.3
L4 : Mudigere 87.9 84.4 86.1 81.5 3.5 77.1 80.5 71.8
Mean
S.EHm + 0.18 0.19 0.21 0.20
C.D. 5% NS 0.53 0.57 0.56

T2 = Untreated
1 to 13 months of storage interaction was not significant

Tl = Treated;
NOTE:
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than the rest of the genotypes under the study viz., (3, G4,

G7 in all locations. Significant differences were observed
tor interaction between genotype and seed treatment, only
ftrom 15th month onwards up to the end of the storage period
(Table 14). The treated seeds of genotypes G1, G6, G5 and G2
maintained better germination than G7, G3 and G4. Untreated
seeds of all the genotypes were inferior to the treated seeds
from all the <chosen 1locations. Irrespective of seed °
treatment, seeds produced from Mandya maintained a higher
viability than seeds of other locations. The interaction
effects among the genotypes, locations and seed treatment
were found not significant.

4.2.2 Field emergence

1he data on field emergence percentage as influenced by
genotype, location, seed treatment and their interactions
during storage are presented in Tables 15 and 16. 1In general
a steady decline in field emergence percentage (89.3 to
74.8%) was observed as the storage period advanced.

The per cent emergence differed significantly in all
the months of storage. Irrespective of location and seed
treatment, a steady decline in emergence percentage was
observed 1in all the genotypes under storage in the present
study (Table 15). At the end of 19 months of storage, Gl
maintained maximum field emergence (77.4%) which was
statistically on par with G5 (77.2%), G8 (77.2%), G6 (76.8%)
and G2 (76.3%). The minimum field emergence was noticed in

G7 (70.3%).
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Table 1L, ield emergence (%)as influenced by genotype, location and sced
treatment during storage

Month after storage
Treatmentg—c—=cecc e cccc s crcce e e e e o e o o e e e m

1 3 5 7 Y 11 13 1b 17 1Y
Genotypes
G1 Y2.6 91,5 90.4 90.1 84.2 87.4 85,y 3.7 819 77.4
G2 vo.1 8Y.1 88.4 87.7 B8L,Y 85.8 84.1 1.9 79.5 76.3
G3 8.1 88.2 87.2 ¥6.3 5.4 83.9 81,8 78.9 75.9 71.1
G4 8.3 87.7 86,9 86.2 5.3 83.8 861.9 79.3 76.4 71.8:
G5 90.3 90.4 89,7 88.9 88.1 86.8 8.6 83.4 80.6 77.2
G6 69.3 90.2 89,5 88.9 87.9 86.6 b64.9 2.6 80.1 76.8
G7 88.0 86.6 85.8 85.1 84.1 82.8 80U.7 77.4 74.5 70.3
G8 7.7 88,5 88,4 87,9 8b.8 85.7 84.4 82.3 80.7 77.2
Mean 4.3 89.0 88.3 87.6 86.7 85.3 83.7 81.2 78.6 74.8
S.Hm+ 0.21 ¢.22 ¢.25 0.21 U.33 0.5 0.29 0.29 0.77 0.91
C.D.5 % 0.59 0.60 0.69 0.59 0.2 1.60 0.81 0.79 2,12 2.50
Locations
L1 91.5 91.8 91.0 90.5 89.4 87.2 86.6 84.8 82,7 77.9
L2 93.3 93.3 92.7 92.2 91.2 89.7 88.3 86.5 83.1 80.9
L3 87.5 86.4 85,7 85.0 84,1 83.5 81.1 77.9 74.9 72.5
L4 84,9 84.6 83.8 83.1 82,2 81.0 78.7 75.8 73.7 67.8
Mean 8.3 89.0 868.3 87.6 86.7 85.3 83.7 81.2 78.6 74.8
S.Hn+ 0.15 0.15 0.18 0.15 0.24 0.40 0.21 uU.20 U.54 OU.v4
C.D.5 % 0.42 uv.42 0.49 0U.41 0.6 1.10 0.57 U.5L 1.0 1.77
Seed treatment
T1 - 89.2 88.7 8.2 87.5 86.2 85,5 83.7 80.4 77.1
T2 - 8.8 87.9 87.1 85,9y 84,5 81,8 78.8 76.9 72.5
Mcan - 89.0 88.3 87.6 86.7 85.4 83.7 81.2 78.6 74.8
S.Hn+ - 0.11 0.13 0.11 0.17 0.28 0.15 0.14 0.38 0.45
C.D.5 % - 0.30 0.3 0.29 0.46 0.78 0.41 (.40 1.06 1.2
G1 = V20B; G2 = Madhu B; G3 = IR 54752Bb; G4 = Improved Sona B; Gb= Pushpa B;
G6 = Mangala B; G7 = Intan mutant B; G8 = Pragathi B; L1 = Bangalore; L2 = Mandya
L3 = Shimoga; L4 = Mudigere, 11 = Treated; 12 = Untreated.
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Table 16. Iield emergence (%) as influenced by interaction of genotype and
location during storage

Month of ter storago
LGERNOLYPUS —— - mmm o m e e - e e e e

Location 1 (Bangalore)

61 4.5 93.1 92.0 y1.,5 0.8 88.5 87.7 85.9 83.9 79.1
G2 Y1.2 91.3 490.3 89.4 68.7 87.3 86.3 84.4 82,5 78.4
G3 4.1 91.4 89,5 &8.6 B87.7 85.8 B4.4 82,3 7Y.5 73.8
G4 1.0 90.8 89.7 B88.Y 8.4 8b.1 85.1 82.8 80.2 75.1
G5 ¥3.5 983.8 43.2 Y2.6 91.8 88.9 8Y.6 88.1 86.2 B80.Y
Gb 91.0 4Y3.1 92.5 91.8 40.3 88.7 87.8 86.2 84.4 80.2
G7 90.6 89.6 88.9 88.3 87.3 85.1 84.1 82.1 79.3 74.3
G8 91.3 91.6 Y2.1 91.6 Y0.3 87.4 B8t.1 8Bb.6 B4.9Y 81.9
Mean 91.5 91.8 91.0 0.3 89.4 87.2 86.b B4.8 82.7 78.0
Location 2 (Mandya)

Gl 97.1 96.1 94.2 9Y4.8 93.8 91.8 90.8 89.1 86.4 83.7
G2 3.4 92.6 92.0 91.5 90.6 89.1 87.5 85.% 83.2 81.5
G3 90.1 90.0 89.4 88.6 7.7 86.5 84.2 82.4 79.2 75.8
G4 92.9 9Y2.1 91.6 90.8 B8Y.8 068.2 86.5 84,5 80.8 77.6
G5 94.5 95.2 94.6b 9Y3.9 93.0 Y2.1 91.1 84Y.5 8b.2 84.5
Gb 93.8 Y5.2 94.8 94.2 93.3 91.2 90.4 y8.4 84.7 83.5
G7 yz2.b Y2.4 4Y1.8 4H1.1 90.1 88.6 8b.Y 84,8 BO.1 77.3
G8 92.0 ©2.7 92,9 92.5 91.0 Y0.5 89.1 87.5 84.2 83.2
Mean 93.3 93.3 92.7 92.2 91.2 89.8 88.3 86.5 83.1 80.9
Location 3 (Shimoga)

G1 Yy2,1 8Y.b 88.8 88.1 7.2 85.8 83.9 81L.0 78.4 75.8
G2 8.6 8uL.8 86.4 85.7 84,7 85.2 2.1 75.5 77.2 74.8
G3 868.2 87.8 87.0 86.0 85.1 83.5 81.5 77.5 74.1 70.3
G4 85.8 85.u 84.1 83.4 82,5 81.5 79.1 76.0 72.8 70.0
G5 B7.2 B8b6.1 85.3 B4.6 83.7 8B4.0 81.2 8.1 75.1 73.4
Gb6 87.6 87.7 87.1 86.4 85.6 84.9 82.4 79.2 76,3 74.4
G7 84.0 82.8 82,1 81.6 80.5 79.8 77.5 73.8 70.1 67.3
G8 85.7 85.3 84.9 84.2 83.4 83.2 80.0 78.1 75.8 73.8
Mean 87.5 86.4 85.7 85.0 84.1 83.5 81.1 77.9 75.0 72.5
Location 4 (Mudigere)

G1 6.8 87.3 86.6 86.0 85.1 83.6 81.4 78.8 78.8 T1.1
G2 87.2 85.7 84.9 84.3 83.. 81,7 80.4 77.9 7b.1 70.7
G3 44.6 83.4 82.8 82.1 81.2 79.8 76.9 73.4 70.8 64.5
G4 3.8 83.1 82.1 81,5 80,6 79,5 7b.Y 73.6 71.8 b4.5
G5 86.1 86.2 85.6 84.7 83.8 82.3 80.5 77.9 74.8 70.2
G6 34.8 85.0 83.8 83.2 82.4 81.5 79.3 76.7 74.1 6Y.3
G7 §4.0 81.5 80,5 79,5 78,5 77.8 74.2 70.9 68.6 62.4
G8 81.9 84.4 83.8 83.4 82.6 81.06 79 .8 77.1 75.4 70.1
Meun 84.9Y 84,6 83.8 83.1 82.2 80.9 78B.7 775.8 73.7 67 .8
S.Em+ .42 0.43 0.50 0.42 0.67 1,12 0.59 0.59 1.53 1.81
C.D.5% 1.16 1.19 1,38 1.17 1.84 NS 1.62 1.58 4.20 5.00
Gl = V2UB; G2 = Madhu B; G3 = IR 54752B; G4 = lmproved Sona B; (b= Pushpa B;

G6 = Mangala B; G7 = Intan mutant B; G8 = Pragathi B;
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lhe field emergence percentage was tound to be

significant among the locations throughout the storage
period {Table 15). The seeds produced from Mandya
maintained significantly higher emergence per cent untill the
end ol the storage period (Y3.3 to 80.Y%), closely 1followed
by than that produced at Bangalore (91.5 to 77.9%) and
Shimoga (87.5 to 72.5%). The seeds trom Mudigere were found
to be inferior to the rest of the locations tor their
storability (84.9 to 67.8%). Treated seeds registered the
maximum field emergence percentage (lable 15) from the
beginmning to the end of storage period (89.2 to 77.1%) as

compared to the untreated (88.8 to 72.5%).

Per cent field emergence differed significantly between
the chosen genotypes and location (Tabled 16). Genotypes,
G1, G2, G8 and G5 have better emergence ability than G3, G7
and G4 in all locations. Other interactions due to tield

emergence were not significant.

4.2.3 Seedling length

1The data on seedling length as influenced by genotype,
location, seed treatment and their interactions auring
storage are presented in Tables 17 and 18. In general a
linear reduction 1in seedling length (23.8 to 21.9 cm) was

noticed with progressive increase in storage perioud.

The seedling length differed significantly among the

genotypes throughout the storage period. It was found to
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decline (Table 17) as follows in G1: 27.0 to 25.1; G2: 23.4
to 22.4; G3: 23.8 to 21.3; G4: 21.4 to 19.0; G6: 25.H to
23.2; Go6: 24.0 to 22.2; G7: 20.0 to 17.6 and G8: 25.3 to
23.8 cm after 19 months of storage. Among the genotypes G1
recorded the maximum seedling length in all the period of
storage, while G7 registered the minimum. The seedling length
was found to differ significantly among the locations (Table
17). The seeds from Mandya registered the maximum seedling
length throughout the storage period (25.4 to 23.7 cm)
followed by Bangelore (24.7 to 22.9 cm) and Shimoga (23.9 to
21.4 cm). The minimum seedling length was recorded by

Mudigere (21.9 to 19.4 cm).

Treated seeds maintained the maximum seedling length
(23.9 to 22.4 cm) as compared to untreated control (23.8 to
21.2 cm) from beginning to the end of storage period, though
the initial (up to 5 months) differences were not signiticant

ot

(Table 17).

Interaction effects due to genotype and location
indicated significant differences in all the months of
storage period (l1able 18). On the whole, the genotypes G1,
G8, G5 and G2 in all the locations throughout the storage
period maintained better seedling length as compared to other
genotypes viz., G7, G3 and G4. Significant differences were
noticed for the interaction between genotypes and seed

treatment and also due to location and seed treatment. The
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Toble 17. Seirdling length (an} us influenced by genotype, locutlion and secd
trestment during storage

Month after storage
Trea tiNEN LS m—m e e e e e e ¢ e — e e e 1 e o e e e

1 J 5 7 9 11 13 1b 17 1Y
Genotypes
G1 27.0 27.0 26.9 26.8 26.7 26.5 26.3 25.9 25.5 25.1
G2 23.4 24.2 241 24.0 23.Y 23.8 23.6 23.2 22.5 22.4
G3 23.8 23.8 23.7 23.5 23.4 23.2 23.0 22.4 21.7 21.3
G4 21.4 21.3 21.2 21.1 21.0 20.8 20.6 20.1 19.4 19.u
L5 25.5 25,0 24,9 /4.8 24.7 24.6 24.4 24.0 23.6 23.%
66 24,0 24,0 23.9 23.8 23.7 23.6 Z23.4 23.0 22.0 22.2
G7 20,0 20.0 19.y 19.8 19.6 19.5 19.2 18.7 18.1 17.06
G8 25.3 25.5 25.5 25.4 26.3 26,2 25.0 24.6 24.2 23.8
Mean 23.8 23.9 23.8 23.7 23.0 23.4 23.2 22,8 22.3 21.9
S.Hn+ .16 ¢.10 0.07 0.04 wuU.0L2 0,09 U.U5 OVL.W7 0.U3 0.L4
C.D.5 % 0.44 0.26 0.20 .10 o6 0.26 0.13 0.21 0.09 0.11
Locations
L1 24.7 24.6 24,5 24.4 24.3 24.1 23.9 23.6 23.3 22.9
L2 25.4 256.3 25.2 2.2 25.0 24.8 z4.7 24.4 24.1 23.7
L3 23.9 23.6 23.5 23.4 Z43.3 23.1 22.9 2..4 21.8 1.4
L4 21.9 21,9 21.8 21.8 21.6 21.4 21.2 20.b 19.8 19.4
Mean 23.9 23.¢ 23.8 23.7 23.6 Z23.4 23.2 2z2.8 22.3 21.5
S .Hn+ .11 0.07 0.05 0.03 0.02 0.07 0.03 0.05 0.02 v.03
C.D.5 % 0.31 0.18 0.14 U7 0U.U4 UL.IB UL.,LY V.14 C.UbL O.UB
Seed treatment
11 - 23.9 23.8 23.7 23.7 23.0 23.4 3.1 22.7 22.4
12 - 23.8 23.7 23.6 23.4 23.2 22.9 22.4 21.7 21.2
Mean - 23.¢  23.8 23.7 23.6 23.4 25.2 2.8 22.3 21.9
S+ - 0.05 0.04 .02 0.01 0.05 0.U2 0.04 0.02 0.02
C.D.5 % - NS NS v.05 (.03 0.13 0.06 V.10 0.04 O0.U5
Gl = V20b; G2 = Madhu B; G3 = IR 54752B; G4 = Improved Sona b; G5= Pushpa B;
Gb = Mangala B; G7 = Intan mutent b; G8 = Pragathi B; L1 = Bangalore; L2 = Mandya
L3 = Shimoga; L4 = Mudigere, Tl = Treated; 12 = Untreated. NS = Not significant
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Table 18 .  becudling length (an) as influenced by interaction of genotype
and location during storage

Month after storage
GONOLYPEE  —rmm s e e e e e e e e e e e e e e e e e e e e e e e

1 K} 5 7 Y 11 13 15 17 1Y
Location 1 (Bangalore)
G1 27.9 27.6 27 .4 27.3 27.2 27.1 26.9 26.7 2b.4 2b.1
G2 24.7 24.3 24.2 24.1 24.0 23.9 23.8 23.5 23.2 22.9
G3 24.3 24,1 24.1 23.9 23.9 23.7 23.5 23.1 22,5 22.1
G4 23.2 21,6 21,5 21.4 21.2 21.1 20.8 20.5 20.1 19.6
G5 27.0 27.1 27.0 26.9 26.8 26.6 26.5 26.2 25.9 25.5
G6 25.6 25.2 25.1 25.0 24,9 24.8 24.6 Z4.3 24.0 23.6
G7 1.6 19.6 19.2 19.8 19.3 19.1 18.8 18.5 18.0 17.6
G8 28,4 27.1 27.0 26,9 26.8 26.7 26.5 26.3 26.0 25.6
Mean 24,9 24.6 24,5 24.4 24.3 24,1 23.9 23.6 23.3 22.9
Location 2 (Mandya)
Gl 2.3 29.2 29,1 29.0 28.9 28.6 28.6 28.4 28.1 27.8
G2 26.6 26.4 26.4 26.3 26.3 26.1 26.0 25.8 25.5 25.0
G3 25.7 25.5 25.4 25.3 25.1 24.9 24.7 24.3 23.9 23.4
G4 21.5 20.9 20.8 20.7 20.6 20.4 20.2 19.9 19.5 1v.a
G5 26.7 27.3 27.2 27.1 27.0 26.9 26.7 26.5 26.0 25.8
G6 : 26.1 26.3 26.2 26.1 26.0 26,9 25.7 25.5 25.0 24.9
G7 25. 19.9 19.8 19.8 19.6 19.4 1Y.2 18.8 18.4 18.0
G8 28.0 27.0 26.9 26.8 26.7 26.6 26.4 26.1 25.9 25.5
Mean 25.5 25,3 25,2 25.2 20,0 24.8 24.7 24.4 24.1  23.7
Location 3 (Shimoga) )
Gl 26.8 26.2 26.1 26.0 25.9 2b.7 25.4 24.9Y 24,4 24 .0
G2 22.5 23.7 23.7 23.6 23.% 23.4 23.2 22.7 22,2 21.Y
G3 23.9 23.4 23.4 23.3 23.r 22,9 22.6 21.¢ 21.1 20.7
G4 23.1  23.1 23.0 22.9 Z2.8 22.6 22.3 21.7 20.9 20.5
Gb 25.5 24.1 24.1 24.0 23.49 23.8 23.b 23.2 22.7 22.4
Gb 22.8 22.6 22.6 22.5 22.4 22,2 22,0 21.6 21.1 20.7
G7 20,6 20.1 20.0 19.9 19.7 1Y.,56 19.2 18.6 17.8 17.4
G8 26.0 25.3 25.2 26.1 25.0 24.9 24.7 24,3 23.8 23.4
Mean 23.9 23.6 23.% 23.4 23.3 23.1 22,9 22.4 21.8 21.4
Location 4 (Mudigere)
G1 25.4 25.1 25.0 24 .9 24.8 24.6 24.3 23.7 23.0 22.06
G2 20,1 22,13 22,0 21,9 219 21.8 21.4 21.0 20.3 19.9
G3 22.1 22,0 21,9 21.8 21,6 21.4 21.1 20.3 1Y.4 18.9
G4 19.9 198 19.7 19.6 19.4 19.2 18.9 18.2 17.3 16.8
G5 21.3 21.4 21.3 21.2 21.1 21.0 20.7 20.2 19.6 19.2
G6 22.0 21,y 21.8 21.7 21.6 21.4 21.1 20.7 20.1 19.7
G7 20.3 20.4 20.3 20.1 20.0 198 14.4 18.7 17.9 17.5
G8 23.1 22.9 22.8 22.8 24.7 22.5 22.2 21.8 21.2 20.8
Mean 21.8 21,9 21.8 21,7 21.6 21.4 21.2 20,6 1Y.8 19.4
S.Hn+ 0.32 0.19 0.14 0.07 w0.05 0.9 0.0 0.15 0.06 0.08
¢.D.5% 0.0 0.52 0.40 0.20 0.12 0.52 w0.26 0.41 0.18 0.22
G1 V20B; G2 = Madhu BH: G3 = IR 54752B; G4 = Improved Suna B; G5= Pushpa b;

G6 = Mangala B; G7 = Intan mutant B; G8 = Pragathi B;
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differences were significant only during end of the storage
period. Treated seeds of all Lhe genotypes produced ftrom all
the location have registered the higher seedling length than

untreated seeds.

4.2.4 Vigour index

the data on vigeur index as iniluenced bLy genotype,
location and their interaction during storage are presented
in Tables 19, 20 and 21. A drastic decline in vigour index
of seedlings (2263 to 1806) observed with progressive

increase in storage period.

Genotypes differed significantly in maintaining vigour
during storage period. The vigour index was found to decline
as follows in G1: 2598 to 2126; G2: 2221 to 1929; G3: 2232
to 1664; G4: 1985 to 1505; G5: 2442 to 1984; G6: 2302 to
1880; G7: 1876 to 1377 and GB8 2450 to 1986 at the end of 19
months after storage. Among the genotypes Gl recorded the
highest and the iowest by G7 throughout the storage period
(Table 19) .The vigour index differed significantly among the
locations throughout the storage period. The seeds produced
from Mandya maintained the highest vigour index f rom
initial, 2468 to 2062 at the end of the storage period (Table
19). This was followed in order by seeds produced at
Bangalore (2366 to 1969) and Shimoga (2221 to 1710). The
lowest vigour was observed by the seeds produced at

Mudigere throughout the storage period (18948 to 1485).
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. Vigour index
during storage
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as influenced by genotype, location and seed troatunont

Trceatments

Month af ter storage

— o P e — T o G = S e - o -

1 3 5 7 9 11 13 15 17 19
Genotypes
Gl 2598 2594 2553 2552 2523 2480 2424 2331 2233 2126
G2 2221 2286 2267 2247 2225 2188 2143 2074 1991 1929
G3 2232 2214 2189 2163 2132 2075 2018 1913 1789 1664
G4 1985 1963 1939 1918 1650 1848 1797 1712 1602 1505
GbH 2442 2390 2402 2351 2322 2281 2234 21061 2082 1984
G6 2302 2297 2277 2258 2227 2190 2137 2066 1477 1880
G7 1676 1864 1834 1813 1791 1740 1682 1586 1483 1377
G8 2450 23498 2377 2359 2331 2292 2241 2172 2084 1966
Mean 2263 2250 2230 2208 2180 2136 2084 2001 1906 1806
S.Hn+ 24.80 0.95 13.07 3.58 6.65 4.48 4,17 4.30 5.80 11.80
C.D.5 % 68 .80 2.64 36.00 9.93 18.40 12.40 11.54 11.90 16.0 32.70
Locations
L1 2366 2355 2325 2313 2288 2250 2200 2144 2060 1969
1.2 2468 2457 2436 2420 2392 2351 2300 2243 2176 2062
L3 2221 2184 2161 2139 2111 2063 2013 1895 1788 1710
L4 1998 2006 1996 1458 1930 1883 1825 1724 1599 1485
Mean 2263 2250 2230 2208 2180 2136 2084 2001 1906 1806
S .Hn+ 17.6 0.68 9.20 2.53 4.70 3.17 2.95 3.00 4.10 8.34
AT % a8 .06 1.87 2b.4 7.00 13.04 g.80 8.1H B.4H 11,40 23.10
Seed treatment
T1 - 2257 2238 2230 2209 2178 2147 2082 2010 1936
T2 - 2244 2220 2186 2151 2044 2022 1921 1802 1675
Mean - 2250 2230 2206 2180 2136 2084 2001 1906 1806
S . Hn+ - 0.48 6.50 1.80 3.30 2.24 2.10 2.16 2.90 5.90
C.D.5 % - 1.32 NS 5.00 9.20 6.20 5.80 6.00 8.00 16.34
Gl = V20B; (2 = Madhu B; G3 = IR 54752B; G4 = lmproved Sona B; Gb= Pushipa b;
G6 = Mangala B; G7 = Intan mutent B; G8 = Pragethi B; 1.1 = Bangalore: 1.2 = Mandya
£3 = Shimoga; L4 = Mudigere, 11l = Treated; TZ = Untreatod. NS = Not significant
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Toble 20, Vigour index as influeonced by interaction of genotype and  location
during storage

Month after storage

GeNUIYpPpLLE —memes mm e e e e e e e e e e e e e e — e
1 3 5 7 C| 11 13 15 17 19
Location 1 (bangalore)
Gl 2723 2704 2608 2605 2638 2549 2553 2447 2410 2312
G2 2384 2334 2315 2295 2271  2.38 2205 2157 2100 2030
G3 2274 2258 2235 2209 2186 2143 2079 2007 1907 1780
G4 2013 2009 19Y1 1971 1940 1911 1858 1803 1708 1620
G5 2021 2646 2624 2604 2580 2543 2448 2443 2373 2248
G6 2469 2444 2423 2400 2374 2332 2277 2226 2148 2067
G7 1858 1841 1816 1797 1766 1728 1677 1615 1523 1414~
GY 2704 2606 2586 2570 2545 2506 2454 2404 2309 2229
Meen 2380 2365 2325 2314 2288 2250 2200 2144 20589 1969
Location 2 (Mandya)
G1 2884 2880 2855 2838 2810 2769 2710 2653 2588 2493
G2 2588 2575 2554 2532 2513 2472 2427 2381 2325 2221
G3 2436 2404 2382 2359 2327 2278 2216 2142 2043 1918
G4 2061 1987 1964 1945 1920 1882 1833 1781 1721 1610
G5 2620 2686 26062 2647 2614 2566 2524 2471 2405 2300
G6 2568 2600 2582 2568 2538 2501 2445 2396 2328 2182
67 1972 1917 1896 1880 1851 1809 1755 1689 1615 1495
G8 2757 2610 261U 259z 2561 2528 2489 2438 2383 2267
Mean 2486 2457 2438 2420 2392 2350 2300 2244 2176 2062
Location 3 (Shimoga)
G1 2570 2452 2433 2414 2384 2342 2285 2151 2046 1942
G2 2110 2205 2187 2165 2143 2106 2059 1965 1859 1902
G3 2238 2180 2156 2129 2096 2015 1981 1832 1bY4 1579
G4 2080 2071 2038 2015 1984 1935 1887 1758 1640 154}
G5 2322 2262 2244 2221 2140 2155 2105 2002 1918 182Y
G6 2169 2152 2120 2109 2068 2044 1996 1896 1806 1735
G7 1926 1838 1802 1778 1782 1707 1645 1510 1390 1300
G8 2435 2311 2298 2278 2247 2203 2147 2050 1955 1855
Mean 2231 2183 2161 213y 2111 2063 2013 1895 1786 1710
Location 4 (Mudigere)
Gl 2327 2338 2317 2242 2261 2209 2140 2025 1889 1756
G2 1868 2031 2011 1995 1974 1935 1881 1793 1680 1565
G3 2031 2012 1986 1956 1922 1866 1795 1669 1512 1374
G4 1831 1786 1763 1741 1710 1665 1609 1505 1362 1250
G5 1979 1966 2079 1934 1906 1859 1810 1730 1631 1505
G6 2017 1991 1975 1956 1929 1881 1831 1747 1625 1535
G7 1870 1860 1825 1797 1766 1716 1651 1532 1402 12498
G8 2117 2066 2014 199¢€ 1970 1931 1874 1745 1691 1593
Mean 2005 2006 1996 1958 1930 1883 1825 1724 1699 1484
S . Hn+ 49.6 1.1 26.0 7.2 13.3 9.0 8.3 8.6 11.6 - 23.6
C.D.5% 137.6  5.30 72.0 19.8 6.8 24.0 23.1 23.9 32.1 65.4

Gl = V20B; G2 = Madhu B; G3 = IR 54752b; G4 = lmproved Suna B; G5= Pushpa B;
= Mangala B; G7 = Intan mutant B; G8 = Pragathi B;
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Yable 21 . Vigour index as intluenced by interaction of genotype and secd
treatment during storage

Month after storage

——— ——— s G (. = > T o > S G - . - R S A S0 S Yt S P A S o A e T

Genotypes 13 15 17 19
o1z 1 1z m 1z 1 12
Gl: V20 B 2486 2361 2418 2245 2349 2118 2270 1982
G2: Madhu B 2196 2090 2146  20uL2 2085 1897 2081 1778
G3: IR 54752 B 2081 1855 1948 1827 1800 1678 1786 1532
G4: Improved 1863 1730 1798 1626 1714 1501 1622 1388
Sona B
G5: Pushpa B 2289 2189 2228 2095 2163 2000 2090 1878
G6: Mangala B 2199 2075 2148 1985 2082 1870 2032 1728
G7: Intan Mutant B 1755 1609 1675 1497 1594 1371 1502 1251
G8: Pragathi B 2305 2177 2250 2094 2190 1979 2110 1862
Mean 2147 2022 2083 1921 2010 1802 1938 10675
S.HEn+ 5.5 6.1 8.2 16.7
C.D. 5% 16.3 16.9 22.7 46.2

171 = Treated; T2 = Untreated
NOTE: Up to 13 months of storage interaction was not significant
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The treated seeds recorded significantly higher wvigour

index (2257 to 1938) than untreated seeds (2244 to 1675)

throughout the storage period (Table 19).

The data on interaction effects (Table 20) between
genotype and location indicated significant differences over
storage periods. The genotypes G1, G8, G5 and G2 maintained
higher seedling vigour as compared to G7, G3 and G4 in all
chosen locations until the end of the storage period. The
treated and untreated seeds from Mandya have recorded vigour
index (lable 21) higher than those produced at Bangalore,
Shimoga and Mudigere. The interactions between genotypes and
seed treatment (Table 21) indicated significant differences
at the later part of the storage i.e., 13th month onwards.
The interactions between G x L x 1T were not significant 1in

all the months of storage period.

4.,2.5 Electrical conductivity of seed leachate (LC)

The data on EC as influenced by genotype, location,
seed treatment and their interaction etifects during storage
are presented in Tables 22 to 25 and Fig. Y and 10.
Irrespective o0f genotype, 1location and seed treatment, a
consistant increase in EC was observed with progressive

increase (153.8 to 217.1 p mhos/cm) in storage period.

The genotypes differed significantly in EC during
storage period (Table 22). Gl recorded the lowest EC

initially (146.0 M mhos/cm) and at the end of stocrage (202.7
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Table 22. Celoctrical conductivity uf seed leachate (p mhos/an) as intluencod by
genotype, location and se«d treatment during storage

Month after storag
Treatments-~-——ememmmrr e e e e e e e e e

1 3 5 7 Y 11 13 15 17 19

Genotypes

Gl 146.0 150.6 153.0 156.6 161.2 16b.4 171.2 178.2 187.2 202.7
G2 152.,0 153.1 156.5 160.4 165.1 169.2 173.6 181.0 191.4 209.2
G3 157.0 163.7 167.6 173.2 177.9 182.1 186.1 198.1 211.3 228,2
G4 154.0 156.6 159.9 163.¢ 169.1 175.1 180.8 192.5 205.7 228.2
G5 148.0 148.0 151.1 1566.6 161.1 165.5 171.1 181.0 193.0 213.5
Gb6 147.0 148.0 150.Yy 154.0 158.0 1b63.4 169.1 178.1 19i.8 212.6
G7 159.0 163.1 167.0 172.2 178.3 182.9 188.9 200.2 214.0 233.6
G8 165.0 166.3 168.1 170.7 173.6 177.5 181.u0 185.5 1Y3.6 208.9
Mean 153.8 156.2 159.3 163.4 168.1 172.8 178.0 187.3 190.5 217.1
S.Ha+ 0.54 0,37 0.29 .35 0.35 0.36 0.36 0.35 0.36 0.36
C.D.S % 1.50 1.02 0.82 0.98 0.97 1.0 1.01 0.98 0.9Y V.49
Locations

L1 15z2.0 153.7 156.,0 159.5 163.2 168.5 172.7 178.6 187.8 202.5
L2 141.0 143.4 146.1 150.1 154.4 158.6 164.4 172.0 182.4 199.1
L3 158.0 161.1 164.5 164Y.2 173.3 177.86 183.4 19Y3.1 205.8 225.0
L4 164.0 166.5 170.4 174.9 181.3 186.2 191.4 203.6 218.0 241.9
Mean 153.8 156.2 159.,3 163.4 168.1 172.8 178.0 187.3 198.5 217.1
S.km+ .38 0.26 0.212 wv.26 0.25 .26 0.26 0.25 0.25 u.25
C.D.b % 1.1 0.72 U.58 0.9 0.6Y 0.7 0.71 0L.69 0.7 V.7V

Seed treatment
11 - 1556.2 157.1 159.9 162.9 166.3 170.5 177.5 185.2 149.8
9

12 - 157.2 161.4 166.9 173.2 179.2 185.5 197.2 211.8 234.4
Mean - 166.2 159.3 183.4 168.1 172.8 178.0 187.3 198.5 217.1
S. Hut - .18 ¢.15 0.18 0.18 0.8 0.18 0.18 0.18 0.18
C.D.5 % - 0.50 0.41 0.49 0.49 0.51 0,51 0.49 U.50 0.49
Gl = V20B; G2 = Madhu B; G3 = IR 54752B; G4 = Improved Suna B; Gb= Pushpa B;

Gb = Mangala B; G7 = Inten mutant B; G8 = Pragathi B; L1 = Bangalore; L2 = Mandya
L3 = Shimoga; L4 = Mudigere, 11 = Treated; T2 = Untreated. NS = Not significant
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Table 23. Llectrical conductivity (p mhos/an) of sced lecchste os influonced by
interaction ot genotype and location during storuge

Month after storage
Genotypes  =-——cmccecerem e et

Location 1 (Bangalore)

G1 143.0 146.5 148.5 152.5 155.5 161.0 16b.5 171.5 178.5 168.0
G2 150.0 151.5 154.5 1589.5 162.5 1b67.5 170.5 176.5 185.5 148.0
G3 151.0 156.5 160.0 165.5 169.5 174.0 180.0 188.u 1Y9.0 210.5
G4 151.0 152.0 153.0 156.0 159.5 167.0 169.8 177.5 188.5 208.5
G5 151.0 151.0 152.5 154.5 157.5 163.0 16b.b 174.5 183.5 200.5
G6 147.0 149.0 152.0 156.0 160.0 165.0 169.0 170.5 180.5 198.5
G7 156.0 161.9 165.0 167.5 174.7 179.0 184.5 191.0 201.0 218.5
G8 160.0 161.5 163.0 164.5 166.5 171.5 175.b 179.0 186.0 197.5
Mean 152.0 153.7 156.U0 159.5 1b3.2 168.5 172.7 178.6 187.8 202.5
Location 2 (Mandya)

G1 129.0 134.0 135.5 138.5 144.5 150.0 155.0 161.5 170.0 184.0
G2 135.0 138.0 140.5 143.6 148.5 153.0 157.5 162.5 173.5 190.0
G3 144.0 149.2 153.5 159.0 166.0 170.0 176.5 184.5 195.0 203.0
G4 143.0 145.0 146.5 149.5 153.5 158.0 166.0 117.0 188.0 209.5
G5 140.0 138.0 141.5 147.0 150.5 153.5 159.0 166.5 178.0 197.0
G6 13u.0 131.5 135.0 137.5 139.5 145.0 152.u 161.0 173.0 149.u
G7 150.0 152.0 166.5 162.5 167.0 170.5 177.5 186.5 199.5 21b.0
G8 156.0 159.5 160.0 163.5 165.5 168.0 172.0 176.5 182.5 194.5
Mean 141.0 143.4 146.1 150.1 154.4 158.6 1o4.4 172.0 182.4 199.1
Location 3 (Shimoga)

G1 150.0 154.,0 156.0 159.5 164.0 169.0 175.0 183.u 192.5 210.0
G2 156.0 157.5 159.5 162.5 168.0 170.5 176.5 187.0 197.0 215.5
G3 164.0 173.0 178.0 184.5 184.5 189.0 1Y5.0 205.0 220.5 239.5
G4 161.0 164.2 170.0 175.5 179.8 185.0 192.H% 205.0 220.0 239.0
Gb 1b1.0 149.5 153.0 161.5 16L.b 170.U0 176.0 18H.0 1Y7.0 223.b
G6 150.0 150.0 152.0 155.5 159.5 167.0 173.0 183.0 198.0 220.0
G7 164.0 170.0 173.5 178.5 184.0 189.5 194.5 208.0 224.0 242.0
G8 170.0 171.0 174.0 177.5 180.0 182.0 185.0 189.0 197.5 210.5
Mean 158.0 161.1 164.5 169.2 173.3 177.8 183.4 193.1 205.8 225.0
Location 4 (Mudigere)

G1 163.0 168.0 172.0 176.0 181.0 185.% 184.5 197.0 208.0 229.V
G2 165.0 165.5 171.5 176.0 181.5 186.0 190.0 198.0 209.5 233.5
G3 169.0 176.0 179.0 185.0 191.5 195.5 201.0 215.0 231.0 Z260.0
G4 163.0 165.0 170.0 174.0 183.8 190.0 195.0 210.0 226.5 256.0
Gb 161.0 163.5 157.6 163.5 170.0 175.5 183.0 198.0 213.5 233.0
G6 160.0 161.5 164.5 167.0 173.0 176.5 182.5 198.0 21v.5 233.u
G7 167.0 169.0 173.0 180.5 187.5 1Y2.5 199.0 215.1 231.5 258.0
G8 173.0 173.5 175.5 177.5 182.,5 188.0 191.5 197.5 208.5 233.0
Mean 164.0 166.5 170.4 174.9 181.3 186.2 191.4 203.6 218.0 242.0
S.Hn+ 1.10 0.74 0.60 0.7 ¢.70 0.73 0.73 0.71 0.72 0.71
C.D.5% 3.00 2.04 1.65 1,86 1.494 2.00 2.00 2.0 2.00 2.00

Gl = VZ20B; G2 = Madhu B; G3 = IR b4752B; G4 = Improved Sona b; Gb= Pushpa B;
= Mangala B; G7 = Intan mutant B; G8 = Pragathi B;
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p  mhos/cm) but recorded significantly higher EC than G5
(during 3rd and 5th month) and Go6 during 3 to 13 months.
The highest EC was registered by G7 throughout the storage
(159.0 to 233.6 p mhos/cm) except during first f{ive months.
EC differed significantly among the locations throughout the
storage period (Tabale 22). 7The seeds produced at Mandya
recorded the lowest EC throughout the storage (141.0 to 1Y9.1
pg mhos/cm) followed by those produced at Bangalore and
Shimoga. The highest EC was registered by the seeds of
Mudigere (164.0 to 241.9 p mhos/cm). On the whole, seed
treatment, EC increased in seeds of all the genotypes of all

locations as the storage period increased.

Treated seed recorded significantly lower EC (155.2 to
199 .8 M mhos/cm) than the untreated seeds (157.2 to 234.4 pn

mhos/cm) during storage period.

Significant differences were nouticed In Lo for
interaction between genotype &and location in all the months
of storage (Table 23). Seeds produced at Mandya Vviz., G1, G8
and G2 leached the minimum quantity of leachates as compared
to G7, G3 and G4. Wwhile the seeds of the same genotypes
produced at Mudigere gave higher leachates (EC) as
compared to Shimoga, Bangalore and Mandya. The treated seeds
of genotypes, G1, G6, G8 and G5 maintained the viability by
recording lower EC than untreated seeds till the end of

storage period (Table 24)}. Treated seeds from all the
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Table 25. Electrical conductivity (p mhos/cm) oif seed lcachate as
intluenced by interaction etfcct ol genotype, location
and seed treatment during storage

Month after storage
Treateatment =—----r----cecoem oo o — oo oo s— oo oo oo oo oo

3 5 7 9 11 13 15 17 19
G1 L1T1 145 147 150 153 157 159 1u4 169 176
L112 148 150 1565 158 16b 172 174 188 200
L2T1 133 133 135 140 144 148 154 160 172
L2712 135 138 1472 149 i5u 162 169 180 196
1,311 153 154 156 159 163 168 174 182 196
L3172 155 158 163 169 175 182 192 203 224
L4T1 167 169 172 176 178 183 189 198 212
L4T2 1Y 175 180 186 192 196 205 218 246
G2 LI1T1 150 152 156 157 161 163 168 175 186
L1T2 153 157 163 168 174 178 185 196 210
L2T1 138 139 142 145 148 1561 155 165 178
L2T2 138 142 145 152 158 164 170 184 202
L3T1 158 157 157 160 162 167 176 184 199
L3T2 157 162 168 176 179 186 198 210 232
L4t1 164 167 169 174 178 181 188 197 216
L4412 167 176 183 189 194 199 208 222 251
G3 L1T1 155 157 161 165 168 172 178 189 194
L1T2 158 163 170 174 180 188 198 202 222
(.211 150 162 156 160 163 164 174 182 201
L2172 148 155 162 172 177 185 14b 208 200
L311 172 176 180 175 179 184 190 199 209
L3712 174 180 187 184 199 206 220 242 270
L4T1 175 178 182 186 189 193 200 212 230
L4T2 177 180 188 197 202 209 230 249 290
G4 1111 148 149 103 155 159 162 169 174 192
L1T2 156 157 159 164 175 177 1806 189 225
L2T1 143 144 146 148 152 158 160 175 189
L2712 147 1489 153 159 165 174 188 201 230
L3T1 165 168 172 174 178 184 192 201 213
L3T2 163 172 179 185 192 201 218 239 265
L4T1 164 168 172 178 184 188 195 201 2206
L4T2 166 172 176 189 146 202 226 252 286

Table coniinued
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Continued Table 25

Month after storage
Treateatment ~-——-—cwcece e err e e e e —— -

3 5 7 9 11 13 15 17 19
G5 L1T1 150 150 151 153 1560 159 1606 171 186
L1T2 152 155 158 162 170 174 183 186 215
L2T1 136 139 144 146 148 152 158 168 184
L2T2 140 144 150 155 159 166 175 188 210
1.311 150 153 158 161 164 168 176 186 206
L3712 149 153 165 172 176 184 194 208 241
L4T1 153 156 160 164 169 176 186 199 216
L4712 154 159 167 176 182 190 210 228 250
G6 L1T1 148 150 152 154 157 160 156 163 179
L1T2 150 154 160 166 173 178 185 148 218
L2111 130 133 134 135 138 144 150 161 176
L2T2 133 137 141 144 152 160 172 185 222
L3T1 148 149 152 154 158 164 172 184 202
L3T12 152 155 159 165 176 182 194 212 238
L4711 160 162 165 169 173 177 187 201 211
Lat12 163 167 169 177 180 148 209 23V 25H
G7 LiT1 163 165 166 172 175 179 184 192 208
L1T2 160 165 169 177 183 190 198 210 229
L2T1 151 155 159 163 165 170 177 187 204
L2T2 153 158 166 171 176 185 196 212 228
.3T1 169 172 175 179 183 187 193 202 216
1.312 171 175 182 189 196 202 223 246 2068
1.411 169 171 177 182 185 18Y 198 210 228
L4T2 169 175 184 193 200 209 232 253 288
G8 Li1T1 158 160 160 161 165 169 173 178 187
L1112 165 166 169 172 178 182 185 194 208
L2211 159 157 160 162 164 168 170 175 184
L2T2 160 163 167 169 172 176 183 190 205
L3T1 170 172 173 175 177 180 183 188 199
L3712 172 175 182 185 188 190 195 207 202
L4T1 172 173 i73 177 182 185 188 197 215
L4712 175 178 182 188 194 198 207 220 251
S .Em+ 1.00 0.80 1.00 1.00 1.03 1.03 1.uv0 1.02 1.01
C.D. 5 % 2.90 2.30 2.80 2.70 2.90 2.90 2.80 2.80 2.80
Gl = Vv20B; G2 = Madhu B; G3 = IR 54752 b; G4 = Improved Sona b;
G5 = Pushpa B;G6 = Mangala B;G7 = Intan Mutan B; G8 = Pragathi B:
L1l = Bangalore; L2 = Mandya; L3 =Shimoga; L4 = Mudigere
Tl = Treated; T2 = Untreated
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locations especially Mandya recorded lower EC throughout the

storage period as against higher EC of other 1locations
(Table 24). 'The interactions between G x L x I were found to

be significant till the end of storage period (Table 25).

4.2.6 Moisture content (MC)

The data on moisture content as influenced by genotype
location, seed treatment and their interaction effects during
3rd, 7th, 11th, 15th and 19th month of storage are presented
in Tables 26 to 29 and Fig. 11 and 12, In general MC
f luctuated between 9.75%5 and 11.91 per cent from beginning

to the end of storage period.

The MC differed significantly from 3rd month onwards
untill the end of storage. The MC was found to fluctuate in
all the genotypes during storage period (Table 26). It was
the maximum in G2 (9.98%) followed by G4 (9.92%) during 3rd
month. At the end of the storage G4 (12.20%) +followed by G3

(12.17%) recorded the maximum MC.

The MC differed significantly among the locations. The
seeds produced at Mandya recorded significantly lower MC
(9.71 to 11.83%) than those of Bangalore and Shimoga. Maximum
MC was noticed in the seeds produced at Mudigere (Y9.82 to
11.97%) from beginning to the end of storage period (Tlable
26). The treated seeds registered significantly 1lower MC
(9.68 to 11.51%) as compared to untreated seeds (Q.Bé to

12.31%) trom Initial to the end of storage period (Table 26}).
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Table 20. Seed moisture content (%) as intluenced by genogypo,
location and seed trestment during storage

Month after storage

3 7 11 15 19
Genotype
G1 9.68 11.40 11.28 10.44 11.69
G2 9.98 11.42 11.21 10.44 11.78
G3 Y.48 11.91 11.52 10.78 12.17.
G4 Y.,92 11.92 11.57 . 10.75 12.20
G5 9,61 11.48 11.38 10.52 11.79
G6 9.76 11.57 11.29 10.52 11.81
G7 9.77 11.86 11.53 10.81 12.13
G8 y.78 11.53 11.36 10.46 11.70
Mean 9.75 11.63 11.39 10.59 11.91
S .Em+ 0.02 0.002 0.001 0.01 0.02
C.D. b % 0.04 0.004 0.002 0.03 0.04
Location
L1 9.73 11.79 11.36 10.53 11.90
L2 9.71 11.57 11.32 10.50 11.83
L3 9.73 11.6606 11.43 10.61 11.94
L4 9.82 11.72 11.46 10.71 11.97
Mean 9.75 11.63 11.39 10.59 11.91
S.Em + 0.01 0.001 0.001 0.0uU8 0.01
C.D. 5 % 0.03 0.003 0.002 0.02 0.03
Seed Treatment
11 9.68 11.46 11.07 10.09 11.561
T2 Y.82 11.81 11.72 11.0Y 12.31
Mean 9.75 11.63 11.39 10.59 11.97
S.Em + 0.008 0.001 0.001 0.005 0.007
C.. 5 % 0.02 0.002 0.002 U.015% 0.002
G1 = V20B; G2 = Madhu B; G3 = IR 54752 B; G4 = lmproved Sona b;
G5 = Pushpa B; G6 = Mangala B;G7 = Intan Mutant B; G8 = Pragathi B:
Ll = Bangalore; L2 = Mandya; L3 = Shimoga; L4 = Mudigere;
Tl = Treated; T2 = Untreated
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Table 27. Seed moisture content (%) as intfluenced by interaction
between genotype and location

Month after storage
Treatment  ------rrcmecmr e rrrr e e e e

3 7 11 156 19
Location 1 (Bangalore)
G1 Y.65 11.37 11.24 11.40 1i.69
G2 9.96 11.40 11.14 10.37 11.76
G3 9.38 11.61 11.45 10.70 12.15
G4 9.91 11.89 11.57 10.70 12.17
G5 9.56 11.42 11.35 10.48 11.76
G6 9.78 11.53 11.30 10.47 11.87
G7 9.70 11.83 11.49 10.73 12.09
G8 9.92 11.42 11.33 10.40 11.70
Location 2 (Mandya)
G1 9.66 11.31 11.20 10.31 11.56
G2 9.94 11.39 11.13 10.34 11.71
G3 9,43 11.81 11.45 10.92 12.12
G4 9.85 11.82 11.51 10.66 12.19
G5 9.61 11.46 11.33 10.43 11.75
G6 9.61 11.54 11.21 10.49 11.57
G7 9.73 11.81 11.48 10.75 12.10
G8 9.89 11.42 11.26 10.33 11.64
Location 3 (Shimoga)
G1 9.72 11.43 11.33 10.49 10.75
G2 10.01 11.43 11.25 10.47 11.81
G3 9.54 11.96 11.54 10.81 12.20
G4 .94 11.97 11.61 10.77 12.22
G5 9.64 11.50 11.43 10.55 11.80
G6 9.82 11.62 11.34 10.50 11.89
G7 9.80 11.89 11.58 10.83 12.18
G8 9.41 11.50 11.41 10.46 11.73
Location 4 (Mudigere)
G1 9.72 11.52 11.36 10.57 11.78
G2 10.00 11.46 11.33 10.59 11.86
G3 9.57 11.97 11.64 10.91 12.23
G4 10.00 12.00 11.62 10.85 10.23
G5 9.64 11.53 11.40 10.62 11.85
Gb 9.84 11.59 11.52 10.01 11.91
G7 9.88 11.90 11.57 10.92 12.18
G8 9.92 11.80 11.44 10.62 11.74
Mean 9.75 11.63 11.39 10.59 11.91
S .Em+ 0.03 0.003 0.002 0.02 0.03
C.D. 5 % 0.09 0.008 0.004 0.06 0.08
G1 V20B; G2 = Madhu B; G3 = IR 54752 B; G4 = Improved Sona B;

Gb Pushpa B; G6 = Mangala B;G7 = Intan Mutant B; G8 = Pragathi B
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Table 28 . Seed moisture content (%) as influenced by interaction of (1) genotype
and seed treatment (2) location and seed treatment during storage

Month after storage

3 7 11 i5 19

T1 T2 T1 T2 T1 T2 T1 T2 Tl 12 .
Genotype
Gl 9.64 9.73 11.13 11.68 10.95 11.61 v.92 10.94 11.21 12.18
G2 9.91 10.04 11.23 11.60 10.88 11.54 9.99 10.89 11.29 12.27
G3 .42 9.54 11.86 11.96 11.20 11.84 10.25 11.32 11.90 12.45
G4 Y.87 49.98 11.80 12.03 11.31 11.84 10.25 11.25 11.87 12.53
Gb 9.55 9.68 11.26 11.69 11,01 11.74 10.03 11.02 11.33 12.25
G6 9.68 9.84 11.33 11.80 10.95 11.63 10.02 11.01 11.38 12.24
G7 9.74 4.81 11.76 11.95 11.22 11.84 10.33 11.28 11.82 12.45
G8 9.63 9.vY4 11.28 11.79 11.03 11.68 9.92 11.00 11.30 12.10
Mean 9.68 9.82 11.46 11.81 11.07 11.72 10.09 11.09 11.51 12.31
S .Em+ 0.02 0.002 0.001 0.015 0.02
C.D. 5 % 0.06 0.006 0.003 0.04 0.06
Locations
L1 9.70 9.76 11.44 11.74 11.04 11.68 10.06 11.00 11.50 12.29
L2 9.66 9.78 11.40 11.74 10.99 11.65 10.03 10.48 11.45 12.21
L3 9.62 9.85 11.47 11.85 11.11 11.76 10.11 11.10 11.53 12.35
1.4 9.75 9.8Y 11.51 11.92 11.14 11.78 10.10 11.27 11.66 12.36
Mean
S . HEn+ 0.015 0.002 0.001 _ 0.01 0.015
C.D. 5 % 0.04 0.004 : 0.002 ' 0.030 0.04
G1 V20B; G2 = Madhm B; G3 = IR 54752 B; G4 = Improved Sona B;

G5
L1
T1

Pushpa B; G6 = Mangala B;G7 = Intan Mutant B; G8 = Pragathi B:
Bangalore; L2 = Mandya; L3 = Shimoga; L4 = Mudigere;
Treated; T2 = Untreated
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Table 29. Seed moisture content (%) es influenced by interaction eitect ot genotype,
location and seed treatment during storage

Month at ter storage

Month atter storuge

Treatment ------——-————mcmc e Treatment ----=—=—c-emmmm e e
3 7 11 15 19 3 7 11 15 19
GiLiri1 9.60 211.10 10.912 9.97 11.20 G5 L1T1 9.52 11.23 11.00 10.00 11.30
LirZ2  9.70 11i.65 11.57 10.84 12.18 LIT2 9.61 11.62 11.71 10.96 12.23
L2r1 9.61 11.01 11.86 9.81 11.10 L2117 9.50 11.25 10,92 9.98 11.28
L212 9.72 11.61 11.54 10.82 12,03 L212  9.72 11.68 11.75 10.89 12.23
L3T1  9.68 11.16 10.98 9Y.99 11.26 L3T1  9.60 11.28 11.08 10.04 11.36
1L.3T2 9.76 11.70 11.69 10.99 12.24 L3r2 9.69 11.73 11.78 11.07 12.24
L4l 9.70 11.28 11.08 10.03 11.29 L4T1 4.8 11.30 11.00 10.09 11.39
1412 9.73 11.76 11.65 11.11 12.28 L4112 9.71 11.76 11.75 11.16 12.32
G2 L1T1  9.92 11,22 10.81 9.95 11.28 G6 L1T1 9.76 11.33 10.96 10.00 11.44
L1TZ2 10.02 11.58 11.48 10.79 12.24 Lir2  9.82 11.73 11.65 10.94 12.31
L.Zi1 9.90 11.26 10,83 9.93 11.22 L2117 4.42 11.30 1U.86 10.u6 11.26
L2112 v.98 11,52 11.43 10.76 12.20 L2212  Y.80 11.78 11.57 10.93 11.48
L3117 9.92 11.24 10.90 10.03 11.32 L3111 9.77 11.36 11.00 10.00 11.40
L3rz 10.11 11.63 11.61 10.91 12.30 L312 9.68 11.88 11.68 11.00 12.38
L411  9.93 11.23 11.00 10.06 11.35 L4T1 9.79 11.34 11.00 10.03 11.42
L4r2 10.08 11.69 11.67 11.12 12.37 L4TZ2 9.90 11.84 11.64 11.1Y 12.40
G3 LIT1 9.35 11.86 11.16 10.18 11.0 G7 LIT1T 9.72 11.78 11.21 10.26 11.76
L1112 9.42 11.96 11,75 11,22 12.40 L1712 9.09 11.88 11.78 11.21 12.43
L2r1 9.40 11.74 11.18 10.21 11.88 L2111 9.70 11.71 11.16 10.28 11.82
L212 9.46 11.89 11.73 11.23 12.36 L2r2 9.76 11,91 31.80 11.22 12.38
L3T1  9.48 11.91 11.21 10.26 11.93 L3117 9.76 11.76 11.25 10.38 11.84
1312 9.60 12,01 11.87 11.36 12.48 L3r2  9.84 12,03 11,91 11.29 12.62
L4tl  9.47 11.96 11.26 10.36 11.90 L4arT  9.78 11,82 11.28 1u.41 11.86
L4712 9.68 1i.98 12.03 11.46 12.56 L4412 9.98 11,99 11.87 11.43 12.50
G4 LIT1 9.89 11.78 11.28 10.23 11.84 G8 L1r1  9.89 11.28 11.00 9.88 11.30
LTz 9.94 12,00 11.86 11.18 12.50 L1T2 9.95 11.56 11.66 10.92 12.10
L211 9.82 11.71 11.23 10.17 11.87 L2117 9.85 11.26 10.91 9.85 11.20
L2r2 9.88 11.43 11.79 11,16 12.52 L2T2 9.94 11.60 11.61 10.82 12.08
L3rT  9.89 11,83 11.38 10.27 11.88 L3117 9.86 11.29 11,09 9.95 11.32
L3tz 9.99 12.11 11.85 11.27 12.57 L3T2 9.6 11.71 11.73 11.97 12.14
L411  9.88 11.91 11.36 10.32 11.91 L41T1  6.93 11.31 11.14 10.00 11.38
L4712 10.12 12,09 11.88 11,39 12.55 L4T2 9.92 12.29 11.75 11.30 12.11
Mean 9.7 11.64 11.39 10.59 11.91
S.Em+ 0.043 0.005 0.005 0.03 0.04
C.D. 5% .12 0.02 0.02 0.08 NS
Gl = V20B; G2 = Madhu B; G3 = IR 54752 B; G4 = Improved Sona B;G5 = Pushpa b;
G6 = Mangala B;G7 = Intan Mutan B; G8 = Pragathi B: L1 = Bangalore; L2 = Mandya;
L3 = Shimoga; L4 = Mudigere; 11 = Treated: T2 = Untreated
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Table 30. Storage fungi observed during the 15th month of storage

period in seeds eight rice genotypes produced at four
locations

Storage fungi

Genotype Locations 1 2 3 4 5 6

T ur T UT T UT T UT T UT T UT

vV 208 L1 - - - -+ - 4 -+ + o+
L2 - - - 4+ + -+ - - + o+
L3 + -+ + o+ -+ - 4+ +
L4 + o+ + + -+ -+ -+ - 4+
Madhu B L1 - = -+ - - - - - 4 - 4
L2 - - - - -+ -+ - o+ - -
L3 + o+ + o+ - - - + - - - -
L4 - 4+ -+ -+ -+ -+ - 4+
IR 54752 B L1 + o+ - - - 4+ - - - ¥ -
L2 + o+ -+ - - + - 4+ -+
L3 + 4+ -+ -+ + o+ -+ - 4+
L4 + 4+ + + -+ -+ -+
Improved Sona B L1 -+ - % -+ + -+ -+
L2 + o+ - 4+ - 4+ + -+ - -
L3 + o+ -+ + o+ -+ + - +
L4 + o+ + 4+ -+ - - + o+ -+
Pushpa B L1 + o+ -+ + - -+ - 4 - -
L2 -+ - - - + - - + - +
L3 + - - o+ -+ -+ - -+
L4 - o+ - - + o+ -+ + - -
Mangala B 11 -+ - - + - - % -+ - -
L2 - - - + -+ - + - + + -
L3 + + - + - -+ - - + o+
L4 + o+ - - + o+ -+ -+ + -
Intan mutant B L1 - 4 - 4+ -+ - - + - - 4
L2 - + - - o+ + -+ - -
L3 + o+ + 4+ - 4+ + 4 + + + +
L4 - + - + + - + + + + + +
Pragathi B L1 -+ - - + - + = - - + -
L2 - + - + - - - + - - - +
.3 + + + - + + - - + o+
L4 -+ + 4+ -+ -+ + - + -

1= Rhizopus spp.; 2= Aspergillus flavous; 3= Aspergillus fumigatus
4= Aspergillus niger; 5= Fusarium; 6= Penicillium spp.

L1 = Bangalore; L2 = Mandya; L3 = Shimoga; L4 = Mudigere

T = Treated; UT = Untreated
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Interaction between the genotype and location was found
significant with respect to moisture content ot seed (Table
27). tenotypes (7, G3 and G4 recorded the higher MC. The
seeds produced at Mandya regiétered low MC (Table 28}.
Treated seeds recorded significantly lower MC as compared to
untreated seeds 1in all the locations and over the storage
period (Table 28). Significant interactions among genotypes,

locaticn and seed treatment were also obtained (Table 29).

4.2.7 Storage fungi
The data on the incidence of storage fungi recorded on
the both treated and untreated seeds produced in the four
locations at 15th of storage period are presented 1in Table
30. 1In general the incidence of Rhizopus Spp., A. fumigatus
and A. niger was more as compared to Fusarium Spp. and
Penicillium Spp. The seeds of the genotypes viz., IR 54752
B, Iimproved Sona and Intan mutent harbourod more storage
tungi than others. The seeds produced at Mudigere and Shimoga
recorded relatively more storage fungi than Mandya and
bangalore, The treated seeds exhibited 1low incidence of
storage fungi.
EXPERIMENT -3
4.3 Hybrid Seed Production Through Main and Ratoon Crops
The results of the experiment to produce five F;
hybrids through main ana ratoon crop of parents invo}ving

two CMS lines and tive restorers in combinations arepresented
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in 7Tables 31 to 33 and Fig. 13. The hybrids are, H1l: IR

54752A/ANRC 11353R, H2:IR 54752A/1IR H54R, H3: 1R H54752A/1R 40K,
lh4:Intan mutant A/IR 27315R and HS5: Intan mutant A/IR 15324R.
4.3.1 Regeneration per cent

Regeneration percentage in the parents ranged Dbetween
43.7 and 83.3 (lable 31). Cytosterile lines showed
regeneration higher than restorers. Among the parental
lines studied, IR 54752 A put up the highest regeneration
(Y3.7%) tollowed by Intan mutant A (Y91.7%) and ARC 113563 K
(88.0%). 17The lowest regenration was recorded in IR 54 R and

IR 27315 R (83.3%).

4.3.2 Ratooning ability

Parental lines varied significantly for this
trait (Table 31). Intan mutant A recorded high ratoonability
(1.03) followed in order by IR 54752 A (0.47), IR 15324 R
(O.47) and IR b4 R (0.806), 1Tho lowost ratooning abilltly was

shown by IR 46 R (0.82).

4.3.2 Virus affected plants

Ratoon crop of Intan mutont a showed more
susceptibility to virus (2.8%) than IR 27315 R (2.2%) and IR
15324 R (2.1%). The parecntal lines IR 54752 A, ARC 11353 R
and IR 54 R recorded low percentage of virus affected plants
(Table 31).
4.3.4 Plant height

The data on plant helght recorded on both the parcnts

in main and ratoon crops are presented in Table 32.
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Table 31. Regeneration percentage, ratooning ability and virus
affected plants during seed production through
ratooning of parents

Parents Regeneration Ratooning Virus affected
(%) ability plants (%)
TR 54752 A 98.7 0.97 0.7
Intan mutant A ‘ 91.7 1.03 2.8
ARC 11353 R 88.0 0.84 0.7
IR 54 R B5.3 0.86 0.7
IR 46 R 85.3 0.82 1.6
IR 27315 R 83.3 0.83 2.2
IR 15324 R 85.0 0.97 2.1
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Between two temale parents, 1R 54752 A recorded more

plant height (93.7 cm) than Intan mutant A (88.4 cm) in the
main crop. Similar trend was also observed in the ratoon

crop but lower values were registered than the main crop.

In the main crop, male parents varied significantly
for plant height. ARC 11353 R recorded the maximum height
(98.0 ¢cm) followed by IR 15324 R (96.2 <cm). The 1lowest
height was observed in IR27315R (86.8 cm). In the ratoon
crop, male parents also ditfered significantly for pleant
height. ARC 11353R registered the maximum plant height (79.6
cm) and was on par with IR 15324R (78.2 cm). The lowest

height was recorded by IR54R (6Y.4 cm).

In general greater plant height was recorded in male
(92.4 and 75.0 cm) as compared to female (75.0 and 73.8 cm)
in both the main and ratoon crops. A drastic reduction in

plant height was noticed in ratoon crops.

4.3.5 Productive tillers per plant

The results onnumber of productive tillers in respect
of female snd male parents as observed in the mein and
ratoon crops are presented in Table 32. The two Fenmale
parents dittered significantly for tiller numbers in main
crop, IR 54752A producing more number (13.8) than Intan
mutant A (12.5). In ratoon crop, female parents IR 54752A did

differ. significantly (13.4) frqm Intan mutant A (12.9)
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Number of productive tillers per plant in male parents
of main crop differed significantly. IR 54R recourded the
maximum productive tillers (16.2) closely followed by ARC
11353R {16.0). The minimum productive tillers were
registered by IR 15324R (14.6). 7The male parents of hybrids
H1, H2, H3 and H4 were on par in productive tillers per
plant. In the ratoon crop, the male parents differed
significantly among themselves with respect to productive
tillers. IR 15324R recorded the maximum (14.2) tfollowed by
IR 54R (13.9). the minimum productive tillers were observed

in IR 46R (12.8).

In general productive tillers were low in number in
female prents as compared to male in both the main and ratoon

crops.

4.3.6 Panicle length

The data on panicle length of female and male parents
in the main and ratoon crops are presented in Table 32. In
the main,mean panicle length of temale parents was more and
less in the ratoon crop as compared to male parents., Between
two female parents,IR 54752A registered lengthier panicles
(26.0 and 20.7 cm) than Intan mutant A (22.2 and 19.7 cm) in

the both main and ratoon crops respectively.

In main crop, the male parents ditfered signiticantly
for panicle length. IR 15324R recorded more (23.5 cm) panicle

length than the others but was on par with ARC 11363 R (23.3
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¢cm) and IR 27315 R (23.0 cm). 1In the ratoon crop, panicle
length also ditfered significantly among the male parents.

ARC 11353R registered the maximum length (22.9 cm) tollowed

by IR 46R (22.1 cm). Male parents of H2 and H5 were on par.

4.3.7 Panicle exsertion

The observation on per cent panicle exsertion of female
and male parents in both main and ratoon crops are presented
in Table 32. IR 54752A recorded signiticantly higher
exsertion (80.6%) than Intan mutant A (73.3 %) 1n the main
crop. Similar trend was noticed in the ratoon crop but the

exsertion per cent was low.

In the main crop, per cent panicle exsertion differed
significantly among the male parents. ARC 11353R registered
the highest exsertion (Y1.3%) tollowed by IR 15324 R
(89.6%). IR 46R recorded the lowest exsertion (80.3%). in
the ratoon crop, per cent panicle exsertion dittered
significantly among the male parents. ARC 11353R recorded
the maximum exsertion (85.8%) and was on par with IR 15324R.
IR 46R (76.6%) and IR 27315 R (75.5%) were on par with each

other due to panicle exsertion.

In general, panicle exsertion was poor in female
parents of both main (77.7%) and ratoon (70.5%) crops as

compared to male parents 86.7 and 80.Y per cent respectivély.
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4.3.8 Days to 50 per cent flowering

Data pertaining to days 50 per <cent flowering are

presented in lable 32.

During main crop, 1R 54762 A female parent took 113-
114 days and Intan mutant A, 100-102 days to 50 per cent
flowering. ARC 11353R took 116 days for b5U per cent
flowering and it was 2 days later to 1R 54752A. Another
restorer IR 54R also took 116 days being three days delay 1in
flowering as compared to its female parent (IR 54752A). IR
4b6R took three days more than IR 54752A, Other two male
parents IR 27315R and IR 1532R took 107 and 108 days
respectively for 50 per cent flowering, thus there was seven
and six days delay in 50 per cent tlowering as compared to

temale parent Intan mutant A.

4.3.9Y Seed set percentage
The data on seed set percentage on female and male
parents in the main and ratoon crops are presented in Table

33 and Fig. 13..

In the main crop, seed set percentage differed
significantly among the female parents. The highest seed set
was observed on IR 54752A (10.43%) with ARC 11353 R tfollowed
by IR 54752A with IR 54R (8.60%). The lowest seed set was

noticed in Intan mutant (2.60%) with IR 15324 R.
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In the ratoon crop, seed set percentage difiered

significantly between female parents. 'The highest seed set
(7.0 %) was noticed on IR 54752A with ARC 11353R tollowed
by Intan mutant A with IR 15324 R (6.7%). The lowest seed

set (4.8%) was recorded on Intan mutant A with IR 27315 R.

Male parents diftered significantly due to seed set
percentage in main crop, IR 15324R recorded the maximum
seed set (91.4%) which was on par with (90.8%) and IR 46 R
(89.2%). The lower seed set was recorded on IR 274315R
(80.1%). In ratoon crop, male parents diftered significantly
due to seed set percentage. The maximum seed set (81.0%) was
recorded on ARC 11353R, followed in order by IR 4bR (77.0%)

and IR 27315R (68.2%).

4.3.10 Seed yield per plant

The data on seed yield per plant of both female and
male parents in main and ratocn crops are given 1in Table
33. Fl hybrid seed yield on temale parents diftered
significantly 1in the main crop. IR 54752A with ARC 11353 K
recorded the highest yield (4.90 g) followed by the same
parent with IR 54R (3.40 g). The lowest F, seed yield was

1
registered by Intan mutant A with IR 15324 R (0.96g).

In the ratoon crop hybrid seed yield on female parents
also differed significantly. IR 54752A with ARC 11353R

recorded the highest (2.58 g) seed yield lollowed by same
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parent with IR 46R (1.54 g). The lowest seed yield was
noticed in IR 54752A with IR 54 R (1.17g), which was on par

with Intan mutant A / IR 27315 R (1.21 g}).

Significant differences were observed among the male
parents of various hybrids for seed yield per plant. In
the main crop, ARC 11353R registered the highest yield (36.4
g) tollowed by IR 15324R (33.6 g) and IR 4bR (28.9 g). 1The
lowest yield was recorded in IR 5§4R (26.7 g). In the ratoon
crop, 1R 15324 R significantly differed from other restorers
recording the highest per plant yield (26.8 g) followed by
ARC 11353R (24.3 g) and IR 54 R (14.8 g). IR 46 registered
the lowest yield (16.6 g). In general Ff hybrid seed yield
and restorer yield per plant harvested from the main crop

were more than those oif ratoon crops.

4.3.11 Seed yield per hectare
The data on seed yield per hectare basis on both the
female and male parents in the main and ratoon crops are

presented in the Table 33 and Fig. 13.

Seed yield differed significantly on hectare basis.
In the main crop, IR 54752A with ARC 11353R recorded the
highest seed yield (1.49 t/ha) followed by IR 54752A with
IR 54R (1.06 t/ha) and IR 54752A / IR 46 R (0.62 t/ha).
Intan mutant A with IR 15324R registered the 1lowest ‘seed

yield (0.34 t/ha).
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Table 33: Seed set and seed yield of female and male parents during
hybrid seed production through main and ratoon crops

Seed set (%) Seed vyield / Seed yield/*
plant (g) hectare (t)
Hybrids Parents ==csccecccoree cocmccmccemse | comcccenne—eee
Main Ratoon Main Raton Main Ratoon
H1 I - IR 54752 A 10.43 7.00 4.90 2.58 1.49 0.88
M - ARC 11353 R 90.80 81.00 36.40 24.30 4.20 2.80°
H2 F - 1R 54752 A 8.60 5.60 3.40 1.17 1.06 0.39
M - IR b4 R 83.60 75.60 26.70 19.80 3.00 2.50
H3 F - IR 54752 A 4,80 5.29 1.90 1.54 .62 0.51
M - IR 46 R 89.20 77.00 28.90 18.60 3.60 2.00
H4 F - Intan mutant A 3.12 4.80 1.11 1.21 0.3Y9 0.42
M - IR 27315 R 80.10 68.20 27.00 16.60 3.20 1.90
H5 [ - Intan mutant A 2.60 6.70 0.96 1.38 0.34 0.41
M - IR 15324 R 91.40 78.00 33.60 26.80 4.00 3.00
Mean b 5.91 5.88 2.45 1.58 U.78 0.52
M 87.00 75.90 30.50 21.20 3.60 2.40
i‘or canparison of hemale parents
S5.0Hn + 0.19 U.10 0.21 0.05 0.30 0.02
C.D. 5% 0.58 0.29 0.63 0.14 0.09 0.05
For camparison of Male parents
S.Em+ 1.26 0.34 1.14 0.76 0.05 0.06
C.D. 5% 3.80 1.00 3.44 2.30 0.15 u.19
F = Female; M = Male;

%*

Based on plot yield
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In the ratoon crop also IR54752A with ARC 11353 k out

yielded (0.88 +t/ha) other parent combinations i.e., IR
54752A with IR 46R (0.51 t/ha). IR 54752A with 1R 54 R
registered the lowest F hybrid seed yield (0.39 t/ha)
however, it was on par wita seed yield produced by 1R 5475%A
/ IR 4b6R, Intan mutant A / IR 27315 R and Intan mutant A / IR

15324 R. In general, ratoon hybrid seed yields were lower

than main crop.

Seed yield differed significantly among male parents in
both main and ratoon crops. In main c¢rop ARC 11353 R
recorded the highest seed yield (4.2 t/ha) which was on par
with IR 15324R ( 4.0 t/ha). IR 54R registered the lowest

yield (3.0 t/ha).

In the ratoon crop IR 15324R registered the highest
yield (3.0 t/ha) followed by ARC 11353 R (2.8 t/ha}). The
lowest yield was observed in IR 27315 k (1.9 t/ha). Here

also ratoon yields were lower than main crop yield.

EXPERIMENT -4

4.4 Seed Quality of g Hybrids Harvested from Main and
Ratoon Crops

The results of the experiment conduc ted during
1990 DS involving seeds of five hybrids produced from i) main
crop and ii} ratoon crop are presented in Tables 34 to 37 and
kig.14 and 15.
4.4.1 Test weight of seed

The observations pertaining to the test weight are

presented in ‘lable 34. Significant ditterences were
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observed among different hybrid seeds both in the main and
ratoon crops in respect of test weight. Among the hybrids of
main crop, IR 54752A/ARC 11353 R recorded the maximum test
weight (25.19 g) followed by IR 54752A/IR 54R (24.66 g). The
minimum test weight was recorded by IR 54752A / IR 46R

(23.68 g).

Among the hybrid seeds harvested from ratoon crop, the
maximum test weight was recorded by IR 54752A/ ARC 11353 R
(24.85 @) followed by 1Intan mutant A/IR 27315R (23.73g).
The lowest test weight was observed in Intan mutant A /IR
15324 R (22.74 g). In total, the seeds produced trom main
crop (24.36 g) significantly differed from ratoon seeds
(23.63 g) recording higher mean values for test weight. The

interactions were found to be significant.

4.4.2 Thousand seed volume

The data on 1U000-seed volume of hybrid seeds produced
through main and ratoon crops are presented in Table J34.
Statistical analysis revealed significant differences among
the hybrids. Among the seeds of hybrids produced from the
main crop, IR 54752A/IR 54R (23.80 cc) recorded the maximum
volume, followed by IR 54752A/ARC 11353R (23.00 cc) and the

minimum was recorded IR 54752A/IR 46R (20.2 cc).

In the ratoon crop seecds, IR 54752A/ 1R 5H54R (22.91
cc) recorded the maximum volume followed by IR 54752A/ARC

11353R (22.6b cc). The lowest values were recorded by IR
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94752A/1IR 46R (20.43 cc). Irrespective of hybrids, the seeds
from the main crop registered significantly higher 1UUU-seed
volume (22.1 cc) than did the ratoon seeds (21.79cc)

The interaction etfects were found to be significant.

4.4.3 Seed density

The data on seed density are presented 1in Table
34. Hybrids differed significantly for density of seeds
both in main and ratoon'crops. Among the hybrid seeds
produced from the main crop, IR 54752A/IR 46R recorded the
maximum (1.17 g/c) followed by Intan mutant A/IR 27315R (1.13
g/cc). The minimum value was registered by Intan mutant A/IR

15324R (1.05 g/cc).

Among the ratoon crop seeds, IR 54752A/1R 46R recorded
the maximum density (1.14 g/cc) followed by Intan mutant
A/IR 27315R (1.12 g/cc). The minimum value was shown by IR
54752A/IR 54R (1.02 g/cc). Seed density did not differ
significantly between the seeds of main and ratoon crops. lhe

interaction effects were also not significant.

4.4.4 Speed of germination
The observations regarding speed of germination are
presented in Table 35. Hybrid seeds differed significantly

among themselves both in the main and ratoon crop.

Among the hybrids in the main crop, the seeds of IR

54752A / ARC 11353R recorded the highest (36.6) value for
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speed of germination folluwed by Intan mutant A/IR 27315R
(33.2). 'lhe lowest value was registered by lntan mutant A/ IR

15324R (29.6 ).

Among the ratoon hybrid seeds, the maximum speed of
germination was recorded by 1R 54752A/ARC 11353R (34.4)
followed by Intan mutant A/IR 15324R (26.4). ‘'lThe minimum
value was registered by IR 54752A/1R 40R (18.6).
Signiticantly higher speed of germination values were
recorded in the main crop seeds (32.6) as compared to ratoon
crop seeds (24.1) 1irrespective of hybrids studied.

Interaction eftects were significant

4.4.5 Germination

l1he data on per cent germination are presented in
Table 35. There were significant differences among the
hybrid seeds due to per cent germination. In the main crop,
hybrid seeds harvested from IR 54752Z2A/ARC 11354R recorded
the maximum germination (Y8.0%) tollowed by IR 54752A/1R 54R
(Y7.06%) . The lowest germination was recorded by Intan

mutant A/LIR 27315R (89.b6%).

Among the ratooned hybrids, seeds of IR 54752A/IR b4R
recorded the maximum (96.0%) germination followed by IR
54752A/ARC  11353R (9Y5.8%). The minimum germination was
noticed in the seeds of Intan mutant A/lR 27315R (86.1%).

lrrespective ot hybrids, seeds ftrom main crop recorded higher
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germinability (94.8%) than ratoon crop (92.4%). Interactions

were found signitficant

4.4.b Field emergence

The results regarding per cent field emergence are
presented in Table 35 and Fig. 14. 1he statistical analysis
revealed significant differences for this character among
the hybrid seeds irrespective ot method of propagétion.
Among the varioeus hybrid seeds in the main crop IR
54752A/ARC 11353R registered the maximum field emergence
(88.5%) which was on par with IR 54752A/IR 54R (88.3%). The
minimum values were recorded by Intan mutant A/IR 27315R

(80.1 %).

Among the hybrid seeds harvesrted from the ratoon crop
the maximum field emergence was recorded by IR
b4752A/ARC  11353R (85.8%)., closely tollowed by IR
54752A/IR 54R (83.8%). The minimum was exhibited by Intar
mutant A / IR 27315 R (76.30%) . 1here was significant
difference between the main and ratoon cropseed for field
emergence per cent. Seedling planted main c¢rop seeds
registered significantly higher values (84.6%) than did

ratoon seeds (81.51%). Interactions were not significant.

4.4.7 Root length of seedling
The data on root length of seedling are tfurnished in
Table J36. There were significant differences among the

hybrid seeds, irrespective of method ot their production.
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Among the hybrid seeds produced from main crop, IR 54752A/ARC
11353R recorded the maximum root length (16.3 c¢m) closely
tollowed by IR 54752A/IR 46R (106.2 cm}; the minimum root
length was registered by the hybrid seeds of Intan mutant

A/IR 15324R (13.6 cm).

Among the hybrid seeds harvested trom ratoon crop, the
maximum root length was recorded by IR 54752A/ARC 11353R
(16.2 cm) followed by Intan mutant A/IR 27315R (12.9 cm}.
The minimum value for root 1length was recorded by 1R
54752A/1IR 54R (11.1 cm). Irrespective of hybrids, main crop
seeds registered higher root length (15.2 c¢cm) than ratoon

seeds (13.1 cm). Interactions were significant.

4.4.8 Shoot length of seedling

The observations pertaining to shoot length are
summarisod in  ‘Table 36. Significant diftorencos woere
recorded among the hybrid secds, irrespective of propagation
method. Among the hybrid seeds of main crop, IR 54752A/ARC
11353R registered the maximum shoot length (13.5 cm) closely
followed by IR 54752 A / IR 564 R (11.8 cm) and Intan mutant
A/IR 27315R (11.8 <c¢cm) and the 1lowest shoot length was

recorded by IR 54752A/IR 46R (10.3 cm).

Among the hybrid seeds obtained from ratoon crop, IR
54752A/ARC 11353R recorded the maximum (13.2 cm) followed by
IR 54752A/IR 54R (12.1 ¢cm). 'T1The minimum shoot length (10.4

cm) was put up by IR b54752A/1IR 46R. Irrespective of
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hybrids, the main crop seeds produced significantly higher
shoot length (11.b cm) than did the ratoun seeds (11.4 cm).

Interaction effects were significant.

4.4.9 Vigour index

The data on vigour index of seedlings are presented 1in
Table 36b. Vigour index differed significantly among the
hybrids both in the main and ratoon crop seeds. Among the
hybrids of main crop seeds, IR 54752A/ARC 11353R recorded
the maximum (2887) wvigour index followed by IR 54752A/IR
54R (2681) and the minimum was registered by Intan mutant

A/IR 15324R (2289).

Vigour index was maximum in IR 54752A/ARC 11353R (2810b)
closely followed by IR 54752A/1IR 54R (2220) and the minimum
was registered Dby Intan mutant A/1R 27315R (2054) in the
seeds harvested by ratoon crop. Irrespective ot hybrids,
seeds produced from main crop recorded higher vigour index
(2543) than ratooned crop seeds (2266). Interactions were

signiticant.

4.4.10 Seedling dry weight

The results on seedling dry weight are presented in
tTable 37 and kig. 15. Signiticant difterences were noticed
among the hybrids both in the main and ratoon crops , in

respect of seedling dry weight. Among the hybrids of



164

main crop seeds, seedling dry weight was maximum 1in IR
54752A/ARC 11353R (166.3 mg) closely followed by Intan mutant
A/IR 27315R (157 .4 mg) and minimum dry weight was recorded by

Intan mutant A/IR 156324R (149.2mg).

Among the hybrids of ratoon crop seeds, the maximum
seedling dry weight was observed in IR 54752A/ARC 11353R
(1bb.b mg) followed by Intan mutant A/IR 27315R (134.4 mg)
and the minimum values were registered by Intan mutant A/IR
156324R (121.6 mg). Irrespective of hybrids, main crop seed
produced higher seedling dry weight (156.10 mg) than ratoon

crop seed (134.10 mg). Interactions were significant.

4.4.11 Electrical conductivity (EC) of seed leachate
Significant differences were noticed among different
hybrid seeds in both seedling planted crop and ratoon crop
in respect of EC (Table 37). Among the hybrids of main crup
seeds, the lowest LEC was recorded from seeds of IR
54752A/ARC 11353R (157 u mhos/cm) followed by IR 54752A/1IR
54R (163 u mhos/cm) and the maximum EC was shown by Intan

mutant A/IR 27315R (190 u mhos/cm).

Among the seeds of various hybrids harvested from
ratooned crop, the lowest EC was registered by two viz., IR
54752A/ARC 11353R (173 u mhos/cm) and IR 54752A/IR 46R (1?3 u
mhos/cm) . The highest EC was noticed in Intan mutant A/IR

27315R (192 u mhos/cm). Irrespective of hybrids, seeds
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Table 37. Seedling dry weight and electrical conductivity of seed
leachate of hybrid seeds produced through main
and ratoon crops of parental lines

Parents Seedling dry weight Electrical conductivity
(mg/10 secdlings) (p mhos /am)
bamale | Male | Main Katom Mean  Main Ratoon Mean
IR 54752A/ARC 11353 R 166.3 156.5 161.4 157.0 173.0 165.0
IR 54752A/1R 54 R 152.7 128.2 140.4 163.0 186.0 174.0
IR 54752A/1R 46 R 154.8 129.7 142.2 171.0 173.0 172.0

Intan mutant A/IR 27315 R 157.4 134.4 145.9 190.0 192.0 191.0

Intan mutent A/IR 15324 R 149.2 121.6 135.4 187.0 189.0 188.0

——— ——— o " " T T S P e G S S S e U WAe S A et U S e G e W S S Y e S Y S U S M S P O g S 0 SO e D S e G S S L et S W e S G S

Mean 156.1 134.1 173.0  182.0

S. Hu+ C.D. 5% S . Hn+ C.b. 5%
Hybrid 0.63 1.75 1.03 2.84
Method of propagation 0.40 1.11 0.65 1.80

Interaction g.90 2.48 1.45 4 .00
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harvested from main crop recorded the 1less EC (173 n

mhos/cm) than ratoon crop seed (182 p mhos/cm) .

EXPERIMENT -5

4.5 Evaluation of Male Sterile, Maintainers, Restorer Linses,
Hybrids and Varieties for Tiller Propagation

The results pertaining to evaluation of nine promising
male sterile lines, their maintainers, seven restorers, eight
F, hybrids and three varieties for their feasibility to
vegetative propagation through tiller separation are

presented in lTables 38 to 41 and Figs. 16 to 19.

4.5.1 Number of tillers per mother plant

Male sterile lines differed significantly +for number
of tillers recovered from mother plant. An average number of
tillers recovered was 7 .20 (Table 38 and Fig. 16). Pragathi A
recorded the highest number of tillers (8.40) but was on par
with IR 54752A (8.00) and ES 18A (8.00). Mangala A

registered the lowest number of tillers (6.0G0).

Maintainer lines too differed significantly in recovery
of tillers per mother plant. The mean number of tillers
obtained was 7.33 (Table 38 and Fig. 16). Madhu B recorded
the highest number of tillers (Y.30) followed by Pragathi B
(8.20) which was on par with Pushpa B (8.00). Mangala B

registered the lowest number of tillers (5.80).

Restorer lines also differed signiticantly tor tillers

recovered per mother plant. The mean number of tillers
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obtained was 7.80 (Table 349 and Fig. 17). ARC 11353 R
recorded the highest number of tillers (1U0.0) being on par
with IR 46R (9.5). The lowest number of tillers (6.0) was

registered in IR 29723R and IR 20R.

All the hybrids except vV 20A/1R 36R and Intan mutant A
/ARC 11353R differed significantly trom check varieties
(lable 39 and Fig. 17). 1R 54752A/ARC 11353R recorded the
highest (10.5) number of tillers being on par with IR
54752/1R 27315 (10.4) and IR 54752/1IR 46R (10.2). 'lhe lowest
number of tillers (9.0) was recovered by V 20A /IR 36R. In

general, hybrids and varieties recorded more number of

tillers than A, B and K lines.

4.5.2 Field establishment

The mean field establishment per cent was 85.3. The
range being from 79.7 to Y6.3 per cent (lable 38 and I'ig.
18). Male sterile lines dittered significantly in
establishment percentage. IR 54752A recorded the highest
tield establishment (96.3%) followed in order by Intan mutant
A (88.0%), ES 18A (87.3 %) and Pushpa A (85.3%). Ilntanmutant
A and ES 18A, Pragathi A and Madhu WA, V 20A and Mangala A
were on par with each other. V 20 A recorded the lowest per

cent of (79.7%) field establishment.

The data pertaining to field establishment of tillers
in maintainer lines are presented in lTable 38 and Fig. 18.

1The tield establishment per cent differed signiticantly



Table 38. Number of
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tillers recovered per mother plant and their
field establishment through tiller planting (CMS lines and
maintainers )

Tillers recovered

Field establishment

Parents per mother plant (%)

V 20 A 7.10 79.7 (63.2)
Improved Sona A 6.80 82.3 (65.2)
Mangala A 6.00 80.3 (63.7)
Pragathi A 8.40 84.3 (66.8)
IR 54752 A 8.00 96.3 (79.2)
Pushpa A 7 .00 85.3 (67.5)
ES 18 A 8.00 87.3 (69.1)
Madhu WA 7.00 84.0 (66.4)
Intan mutant A 6.40 88.0 (69.8)
Mean 7.20 85.3 (66.9)
S.Hm+ 0.28 1.00
CD5% 0.83 3.00
V 20 B 7.20 81.0 (64.2)
Improved Sona B 7 .00 78.0 (62.0)
Mangala B 5.80 81.7 (6a.7)
Pragathi B 8.20 80.7 (63.9)
1R L47L2 B 7.20 90.3 (71.3)
Pushpa B 8.00 81.0 (64.2)
ES 18 B 5.30 81.3 (64.4)
Madhu B Y.30 82.3 (65.2)
Intan Mutant B 7.00 80.3 (63.7)
Mean 7 .33 81.8 (64.9)
S.HEn+ 0.10 0.71
C.D5 % 0.31 2.10

Data in parenthesis are arcsin root transtfered values.



‘Table 3Y. Number of tillers recuvered per mother plant and
tield establishment through tiller planting (restorers,
hybrids and varieties)

their

Genotypes . Tillers recovered Field establishment
per mother plant (%)

Restorers
IR 29723 R 6.00 86.7 (68.6)
IR 54 R 8.00 89.4 (71.0)
iR 406 R 9.50 91.0 (72.6)
ARC 11353 R 10.00 96.7 (79.6)
IR 20 R 6.00 81.1 (64.3)
IR 36 R 7.20 85.4 (67.6)
IR 15324 R 8.00 89.4 (71.0)
Mean 7 .80 88.5 (70.7)
S . Hn+ 0.30 0.66
C.D.5 % 0.92 2,00
Hybrids
Intan Mutant A/ARC 11353 R 9.20 89.2 (70.9)
Madhu WA / IR 46 R 9.80 90.2 (71.8)
IR 54752 A / IR 46 R 10.20 83.5 (66.1)
V20A / IR36R 9.00 87.9 (69.6)
Madhu WA /IR 15324 R 9.60 81.2 (64.3)
IR 54752A /IR 27315 R 10.40 83.0 (65.7)
IR H5A752A / ARG 11353 R 10.50 2.1 (73.8)
IR 54752 A / IR 54 R 9.80 85.1 (67.3)
Varieties
Jaya 8.490 90.4 (72.0)
CTH 1 (Mukthi) 8.00 91.1 (72.7)
Rasi 8.00 83.2 (65.8)
Mean 9.47 87.0 69.1
S.Hn+ 0.21 0.65
C.D.5 % 0.62 1.91

Data in parenthesis are arcsin root transfered values.
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among the 'B' lines and ranged from 78.0 to Y0.3 per cent
with mean wvalue of 81.8 per cent. The highest field
establishment was recorded in IR 54752B (90.3%) and diftered
from Madhu B (82.3%), Mangala B (81.7%) and ES 18B (81.3%).
Madhu, Mangala, ES 18, Pushpa and V 20 were on par. Improved

sona showed very low field establishment.

Restorers also differed significantly in field
establishment of tillers (Table 39 and FKig. 19). Percentage
ranged from 96.7 to 81.1 with mean value of 88.5 per
cent. ARC 11353R registered significantly the highest
percentage of field establishment (96.7%) tollowed in order
by IR 46R (91.0%), IR 54R (89 .4%). The restorers 1R 46, IR
54, IR 15324, IR 29723R and IR 36R were on par. IR Z20R

recorded the lowest percentage of field establishment (81.1%)

Hybrids and varieties also differed signiticantly 1in
tield establishment of tiller crop (Table 39 and Fig. 19).
The establishment ranged from Y2.10 to 81.2 per cent. The
highest percentage was observed in IR 54752A/ARC 11353R
tollowed in order by CTH 1 (91.1%), Madhu WA /IR 46 K (Y0.2%)
and Jaya (90.4%). The lowest field establishment was oberved
in Madhu WA /IR 15324R (81.2%). Intan mutant A/ARC 11353R
and Madnu WwWA/IR 46R, Madhu WA /1R 15324R and IR 54752/1IR

27315 R, Jaya and CTH 1 were oun par.
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4.5.3 Growth and yield of male sterile lines
4.5.3.1 Plant height
Male sterile lines differed signiticantly in plant
height in all the methods of propagation (Table 40). IR
$4752A recorded the maximum plant height (87.3 cm) {ollowed
in order by Madhu WA (83.9 cm) and Intan mutant A (82.5 c¢m},
which were on par. lowest height was registered by V 20A

(63.1) cm}.

Tiller propagated crop recorded more plant height
(75.7 cm) than seedling planted crop (75.6 cm). Interaction
effects at same or different levels did not show any

significant differfences.

4.5.3.2 Productive tillers per plant

Productive tiller number diftered significantly among
the male sterile lines (Table 40). Both IR 54752A and Intan
mutant A recorded the maximum number of productive tillers
(14.3) followed by Mangala A (13.Y9) and Pushpa A (13.7). The
lowest number ot tillers was recorded by improved sona (11.9)
which was on par with ES 18A (12.2), Pragathi A (12.6) and V
20A (12.7). Productive tillers did not difter significantly

due to method of propagation and their interactions.

4.5.3.3 Panicle length
Significant wvariations were noticed due to panicle
length among the male sterile lines (Table 40) it ranged

from 18.2 to 25.3 cm. Pushpa A recorded the maximum panicle
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length (25.3 cm) followed in order by IR 54752A (23.9 cm)
and Pragathi A (23.2 cm). ES 18A recorded the minimum

panicle length of 18.2 cm.

Significant differences were not noticed due to method
of propagation and their interactions. However, vegetatively
prupagated crop of Vv 20A, IR 54752A, ES 18A and Intan
mutant A recorded numerically more values for panicle length

than their respective seedling planted crop.

4.5.3.4 Total spikelets per panicle

Male sterile lines differed significantly for number of
spikelets per panicle, irrespective ot method of propagation
(Table 40). Spikelet number ranged from 84.5 to 135.5.
Pushpa A recorded significantly the highest number of
spikelets (135.5) was being on par with IR 54752 A (134.5).
The 1lowest number of spikelets was registered by ES5 18A

(84.5).

Spikelet number did not differ significantly due to the

method uvf propagation and their interaction with gentoype.
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4.95.4 Growth and yield of maintainers under tiller planting

4.5.4.1 Plant height

Plant height differed significantly among the
maintainer 1lines (Table 41) in all methods of propagation.
IR 54752B registered the highest plant height (87.5 cm). The
lowest plant height was registered by V 20B (63.3 cm). 'lhis
character did not vary signiticantly due to method of

propagation and their interactions.

4.5.4.2 Productive tillers per plant

Productive tillers per plant diftered significantly
among the maintainer 1lines, 1irrespective of method of
propagation (Table 41). 1R 54752B recorded the maximum
number of productive tillers (14.2) followed in order by
Intan mutant B (13.8) and Madhu B (13.1). Improved sona

registered the lowest number of tillers (9.9).

Productive tillers did not ditter signitficantly between
two methods o0f propagation and their interaction with

genotype.

4.5.4.3 Panicle length

Panicle length (lTable 41) differed significantly among
the maintainer lines. Pushpa B recorded the max imum
panicle length (25.0 cm) followed in order by IR 54752B
(24.3 <cm) and Pragathi B (23.2 cm). The minimum paniple

length was observed in ES 18B (18.2 cm).
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Panicle 1length did not differ significantly due to

method of propagation and their interaction.

4.5.4.4 Spikelet number per panicle

Spikelets per panicle differed significantly among the
maintainer lines (Table 41). Pushpa B recorded the maximum
number of spikelets (128.0) followed by IR 547528 (126.0).

The lowest number was observed in ES 18 B (79.5).

Spikeiet number did not differ significantly between
two methods of propagation, though seedling planted main
crop recorded numerically more spikelets (107 .0). The
interaction between genotype and method of propagation was

not significant.

4.5.4.5 Filled spikelets per panicle

Filled spikelets differed significantly among the
mainteiner lines, {irrespeoctive ot method of propagation
(Table 41). The highest number of filled spikelets (94.5)
was recorded by IR 54752B followed in order by lntan mutant
B (85.0) and Pragathi (83.5). The lowest number of filled
spikelets was observed in both V 20 B (63.0) and ES 18B

(63.0).

The genotypes IR 54752B, Intan mutant B, ES 18 B, Vv 20
B and Mangala B recorded more number of filled spikelets: in

vegetatively propagated tiller crop than in seedling planted
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crop. But Improved sona B, Pragathi B, Pushpa B and Madhu B

registered less number of filled spikelets in tiller crop.

4.5.4,6 Seed yield

Maintainer 1lines differed significantly due to seed
yield (lable 41) per plant. IR 54752B registered the maximum
yield (23.Ug) followed by Intan mutant B (21.4 g). The

lowest yield was in ES 18 B (12.4 g).

The tiller propagated crop registered significantly
higher yield (17.3g) than seedling planted crop (16.8g).
Interaction effects were significant in both the methods of
propagation. The genotypes propagated through tillers viz.,
V 20B, Mangala B, IR 54752B, ES 18B, Madhu B and Intan
mutatnt B showed more seed yield than seedling planted <crop

except in Improved sona, Pragathi B and Pushpa B.

4.5.4.7 Test weight

Test weight diffored signiticantly among the maintainer
lines (Table 41). V 20B recorded significantly the highest
test welght (24.87 g) followed by IR 54752B (22.80g). The
lowest test weight was observed in Pushpa B (19.00 g).
significant differences for test weight were not noticed due
to method of propagation and their interaction at both the

levels.
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4.5.5 Growth and yield as influenced by tiller
propagation in restorer lines

4.5.5.1 Plant height

Plant height veried significantly among the restorers
(Table 42 ). ARC 11353R registered the highest plant height
(88.6 cm) but was on par with IR 15324R (87.7 cm), tollowed
by 1R 29723 R (82.2 cm) and IR 54 R (80.4 cm). The minimum

height was registered by IR 36 (71.4 cm).

Plant height did not differ significantly due to method
of propagation. However, numerically higher values (81.4 cm)
were observed in tiller crop than seedling planted crop
(81.1 cm). The interactions were significant. The restorers,
IR 28723R, IR 46R, ARC 11353R, IR 153234 R showed greater
plant height in vegetatively in tiller crop than
their respective seedling planted crop. But remaining

restorer lines showed quite opposite behaviour.

4.5.5.2 Productive tillers per plant

Irrespective of method of propagation restorer lines
varied significantly for number of productive tillers (Table
42). IR 46R recorded significantly more number of tillers
(15.1 ) than ARC 11353R (14.5), IR 15324R (14.1) and IR
29723R (14.0). The comparitively low number of productive
tillers was exhibited by IR 20 R (13.6). Number ot
productive tillers did not vary due to method of propaga}ion.

ARC 11353R showed significant differences recording more
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productive tillers (15.0) 1in tiller «crop than other

restorers.

4.5.5.3 Panicle length

Restorers differed significantly in panicle length,
irrespective of method of propagation (Table 42). ARC 11353R
showed significantly the maximum panicle length (23.7 cm )
followed by IR 15324R (25.2 cm) and IR 46R (22.5 <c¢m). IR

36 R registered the minimum panicle length (1Y.8 cm).

Significant differences were not noticed for panicle
length due to method of propagation. However, tiller crop
recorded numerically more lengthy panicles (22.0 cm) as that
cf seedling planted crop (21.Y cm). The restorers IR 24723R,
IR 46, ARC 11353R, IR 15324R recorded longer panicles in
vegetatively tiller crop than in seedling planted crop but it

was quite pppositein IR 54, IR 20 and IRk 306R.

4.5.5.4 Spikelets per panicle

Number of spikelets diftered significantly among the
restorers, irrespective of method of propagation (Table 42),
ranging from 106.0 to 140.0. ARC 11353R recorded a highest
number of spikelets (134.0) but was on par with IR 15324 R
and IR 20 R (131.0). The lowest number of spikelets (1Ub6.U)
was recorded in IR 54 R. There was no significant difference
betwen seedling and tiller propagated crop for number .of

spikelets.
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4.5.5.5 Filled spikelets per panicle

Irrespective of method of propagation restorers
diftered significantly for filled spikelets per panicle
(Table 42). ARC 11353 R recorded the highest number of
filled spikelets (107.0) followed inorder by IR 15324R
(100.0) and IR 46R (8Y.5). The three restorers IR 29723R, 1R
20R and IR 36R were on par. IR 54R registered the 1lowest

number of filled spikelets (77.5).

Differences were not significant for filled spikelets
due to method of propagation. But vegetatively propagated ARC
11353R recorded significantly more filled spikelets than

the secdling planted crop.

4.5.5.6 Seed yield per plant

1he restorer lines diftered significantly due to seed
yield (Table 42). ARC 11353R registered the highest yield
(25.3g) but was on par with IR 40R (24.68). IR 2Y723R
(23.2g) and IR 15324R (22.9 g) followed the top yielder in

order. IR 54 R recorded the lowest yield (18.2g).

Seed yield did not vary significantly due to method of
propagation. However, tiller crop recorded numerically more
seed yield (22.3 g) than seedling planted crop (21.8g).
Restorer 1lines at same or different 1level of propagation
method varied signiticantly. Vegetatively propagated
restorers IR 46 R and 1R 15324R registered significantly
more seed yield whereas IR 20 and IR 36 R recorded lower

yield than their respective main crop.
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4.5.5.7 Test weight

Restorer 1lines differed significantly for test weight
(Table 42) IR 46R registered significantly more test weight
(21.12 g) than IR Z9723R (21.1Ug) and ARC 11353R (20.88g);
and IR 54R recorded the lowest test weight (19.02g). Test
weight did not vary significantly due to me thod of
propagation and interaction.

4.5.6 Growth and grain yield of hybrids and varieties under
tiller crop
4.5.6.1 Plant height

Irrespective of method of propagation, hybrids and
varicties differed significantly in plant height (Table 43).
The hybrid IR 54752 A/IR 27315R registered the maximum plant
height (87.1 cm), followed in order by IR 54752A/ARC 11353R
(86.8 cm), IR 54752A/IR 54R (84.4 cm) , CTH 1 (83.5 cm) and
IR 54752A/1IR 46R (83.1 cm). The hybrid V2UA /1R 36R recorded

the minimum plant height (67.6 cm).

Plant height differed significantly between two methods
of propagation. Tiller crop registered more plant height
(81.5 cm) than seedling planted crop (80.3 cm).
Interactions were not significant
4.5.6.2 Productive tillers per plant

Productive tillers differed significantly among the
hybrids and varieties (Table 43). Hybrid IR 54752A/ARC 11353R
recorded maximum number of productive tillers (15.6) and was

on par with Jaya (15.3) and Intan mutant A/ARC 11353R {(15.2) .
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Madhu WA /1R 15324R recorded the minimum number ol productive

tillers (12.3).

Tiller propagated crop registered significantly more
number of productive tillers (14.0) than secdling planted
crop (13.6). Genotypic interaction at same or difterent
levels of method of propagation was found to be significant
due to productive tillers. Vegetatively propagated genotypes
viz., IR54752A/1IR46R, IRB4752A/1R27315R, IR54752A/ ARC
11353R, IR54752A/IR54R, Jaya and CTH 1 recorded more
productive tillers than the respective seedling planted crop.
But rest of the genotypes did not vary due to vegetative

propagation.

4.5.6.3 Panicle length

Panicle length differed significantly among the hybrids
and varieties, in both the methods of propagation (Table 43).
IR54752A/ARC11353R recorded significantly the maximum panicle
length (25.1cm) followed in order by IR54752A/1R46R (24.4cm),
IR54752A/1IR54R (23.9cm) and IR54752A/1IR27315 (23.Ycm). The
lowest panicle length was registered by V20A/IR36R (19.Y9cm).
Panicle length did not differ significantly due to the method

ol propagation.

4.5.6.4 Spikelet number per panicle
Spikelet number per panicle diftered signiticqntly
among the hybrids and varieties (Table 43). Intan mutant
A/ARC 11353 R recorded the highest number of spikelets

(134.5) followed in order by IR 54752A / ARC11353 R (133.5),
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IR54752A/1R27315R (129.5) and Madhu WA/IR15324R (126.0).
Rasl registered the lowest number (Y7.U). Spikelet number

did not differ due to method of propagation and interaction.

4.5.6.5 Filled spikelets per panicle
Irrespective of method of propagation filled spikelets
differed significantly among the hybrids and varieties (lable
43). The highest number of filled spikelets (1U7.5) was
recorded in IR 54752A/ARC 11353R followed by IR 54752 A/IR

27315 R (99.0) and Inten mutant A /JARC 113563 (94.5).

In general filled spikelets were more in hybrids
than 1in varieties except in V 20A /IR 36R (79.5}. Rasi
recorded the lowest number of f{illed spikelets (60b.0). Filled
spikelets did not difter signiticantly due to method of
propagation. Varieties and hybrids varied significantly in

both the methods of propagation.

4.5.6.6 Grain yield per plant

Grain yield differed significantly among the hybrids
and varieties in both methods of propagation (Table 43 and
Fig. 20). IR 54752A /ARC 11353R recorded significantly high
grain yield (28.7g) and was on par with Intan mutant A/ARC
11353R -26.8g; Jaya -26.4 g ; IR 54752A/IR 27315R -26.2 g;
and IR 54752A /IR 46R -25.4 g. The lowest yield was

registered by Rasi (17.3 g).

Mean grain yield did not differ significantly due to

method of propagation. However tiller propagated crop of all
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hybrids and varieties, except V 20A/IR 3bR, Madhu WA /IR

156324k, and Rasi recorded numerically more yield than the
respective seedling planted <crop.
4.5.6.7 Test weight

In both methods of propagation, hybrid and varieties
differed significantly for test weight (Table 43 and Fig. 21).
The variety Jaya recorded signifcantly the highest test
weight (23.89 g) followed in order by IR 54752A/ IR 27315 R
(22.23g), V. 20A/IR 36 (22.18g) and IR 54752A/ 1R 54R
(22.04g). Test weight did not differ significantly due to
method of propagation. However, numerically more test
(21.68g) was recorded in vegetatively propagated crop than
seedling planted crop (21.65g).
EXPERIMENT -6

4.6 Field Performance of Tiller Planted Crop as Influenced
by Age of Tillers

1he exporimont consistod oi two age group of tillors
obtained through tiller separation at two different dates (Tl
and T2) along with seedling planted - control (1u) in eight
varieties. The results on the field performance of rice
varieties as influenced the age of tillers and their
interaction effects are presented in lables 44 and 45 and
Plates 2, 3 and 4.
4.6.1 Number of tillers recovered per mother plant

The data pertaining to number of tillers per mother
plant obtained during tiller separation are given in ‘lable
44, Signiticant differnce was noticed between the time of

tiller separation irrespective of varieties under study .
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Tiller aged 70 days (T2) recorded the highest number of
titlers (1v.48) and the lowest (Y.9Y) waos in 711 (LU days

old).

Varieties differed significantly due to number of
tillers obtained per mother plant. The highest number of
tiller was observed in V3 (14.4) followed by V5 (14.1); v4
(14.0) and the lowest in V7 (10.1). The interaction between

variety and age of tiller indicated significant difterence.

4.6.2 Plant height

Significant differences were noticed for plant height due
to age of tillers (Table 44). 'he tiller crop (11) recorded
the highest (82.7 cm) plant height <closely followed by
scedling planted controi (82.0). 12 recorded the lowest

value (72.8 cm).

Irrespective of age of tillers varieties showed
significant differences for plant height. V4 registered the
highest plant height (94.2 cm) followed by V5 (8Y.5 cm) and
ve (87.1 cm). The lowest plant height was recorded by V7
(57.8 cm). The interaction effects between varieties and

tiller age were significant for this character.

4.6.3 Number of tillers per plant

The results on tillers per plant are given in Table 44
Irrespective of varieties, tiller number per plant differed
signiticantly due to age of tiller. It was high in T1 (12.8)

followed by TO (12.6) and the lowest was in T2 (10.0).
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Varieties also differed significantly with respect to

tillers per plant. V3 recorded the highest (13.3) followed
by Vb (12.9), and the lowest was in V2 (10.06). Interaction

effect between variety and age of tillers was significant.

4.6.4 Productive tillers per plant

tThe data on productive tillers per plant are presented
in Table 44. Productive tillers differed significantly
between age of tillers in all the varieties. Tiller «crop
(T1l) recorded the highest number of productive tillers (12.06)

followed by 1T0 (11.Y) and the least was in 12 (9.5).

Varieties differed significantly tor number of
productive tillers in all tiller age groups. v3d (13.1)
recorded the highest value followed by Vb (12.7) and the
lowest was in V8 (9.3). Interaction efiects between age of

tillers and varieties were significant.

4.6.5 Panicle length

Panicle 1length differed significantly due to tiller
age in all varieties (Table 44). Maximum panicle length was
recorded in T1 (22.0 cm) followed by TU (21.9 cm) and the
minimum was in T2 (19Y.6 cm). Varieties too differed
significantly for this trait. Maximum panicle 1length was
registered by both V4 (24.1 cm) and V5 (24.1 <cm) closely
followed by V6 (23.7 cm). Minimum was noticed in V7 (17.1
cm). The interaction between tiller aée and varieties were

significant.
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fable 44. Giowth and yield components of rice varieties as influenced by age ol tillers

No. of titlors

Plnnt

of

'toductive

mnlclo

Frontment recovered frun tHeight tillers/ tillers/ length
mother plant (am) plant plant (am)

Age of tiller (T)

10 - 82.0 12.6 11.4 21.9

11 9.9 82.7 12.8 12.6 22.0

12 15.8 72.8 10.0 9.5 19.6

S.km 0.02 0.14 0.07 0.18 0.13

C.D. 5% 0.13 0.54 0.27 0.72 0.51

Varieties (V)

vl ARC 11353 R 12.6 84.6 11.1 10.9 19.8

V2 IR 46 R 13.4 80.8 10.6 10.5 20.4

V3 Madhy %A / IR 15324 R 14.4 79.9 13.3 13.1 22.7

v4 IR 54752 A / ARC 11353 R 14.0 94.2 12.0 11.7 24.1

V5 IR 54752 A / IR 54 R 14.1 89.5 11.0 10.7 24.1

V6 IR 54752 A / IR 27316 R 13.2 87.1 12.9 12.7 23.7

v7 vasb 10.1 57.8 11.8 11.3 17.1

v8 LS 18 B 11.3 59.9 11.4 9.3 17.3

S . b 0.03 0.35 0.06 0.12 0.09

C.D. 5% 0.10 1.00 0.20 0.34 0.25

Interaction (T x V)

10 V1 - 86.4 11.3 11.2 20.4
v2 - 82.8 12.0 11.8 20.6
v3 - 82.8 14.5 14.2 24.0
v4 - 87.2 12.7 12.4 25.0
V5 - 91.1 11.2 11.0 24.9
vé - 89.9 13.8 13.8 24.8
v1 - 61.0 12.4 12.4 17.5
v8 - 65.0 12.5 8.0 18.1

11 Vi 9.8 87.8 11.2 11.2 20.5
v2 10.2 82.6 12.1 12.0 20.6
v3 10.7 87.7 14.8 14.8 23.9
v4 11.0 96.4 12.4 12.2 25.1
A4 11.5 93.0 11.4 11.2 25.0
V6 9.5 90.8 14.2 14,2 25.0
v7 7.8 62.4 13.6 12.b6 17.7
\'Z] 9.2 66.0 13.0 12.0 18.3

12 V1 15.3 79.6 10.8 10.4 18.6
v2 16.6 77.1 7.6 7.6 20.0
v3 18.1 72.9 10.8 10.2 20.3
v4 17.0 89.0 111 10.6 22.2
v5 16.7 84.3 10.5 10.0 22.4
V6 17.0 80.6 10.7 10.2 21.2
v7 12.3 50.0 9.4 9.0 16.1
v8 13.4 48.6 8.8 8.0 15.6

For canparison of means

V at same level of T

5. Bn+ 0.04 0.60 0.11 0.21 0.16

CD 5% 0.13 1,67 0.30 0.59 0.44

1 at sann or difloreat lovol of Vv

5.0+ 0.05 0.58 0.12 0.27 0.20

C.D. 5% 0.16 1.65 0.38 0.89 0.65

10 = No tiller separation; Secdling planted crop

1; = Tiller separation 50 days after sowing: 50 day old tiller

T -

Tiller separation 70 days after sowing: 7U day oid tiller
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4.6.6 Percentage of filled spikelet
The data on percentage ot tilled splkelets are
presented in Table 45. Filled spikelet percentage differed
signiticantly due to the age of tillers. The tiller planted
crop, T1 (85.6%) recorded the highest percentage and seedling
planted crop TO and T2 recorded 83.Y9 and 66.Y per cent

respectively.

Varieties differed significantly irrespective of age of
tillers planted in per cent filled spikelets. The lowest
filling was found in V7 (69.1%). 7The interaction between

tiller age and varieties was significant.

4.6.7 Grain yield per plant

The data on yield per plant as intluenced by tiller age
and interaction effects are presented in Table 45.
Significant differnces were noticed between the age of
tiller 1in respect of grain yield. Vegetatively propagated
tiller crop Tl (21.3g) registered higher grain yield than TO

(20.4 g). The lowest yield was found in 12 (10.Y9g).

Irrespective of tiller age, varieties diffefered
significantly. Vb6 recorded the highest grain yield (23.7 g)
per plant followed in order by V4 (22.0 g) and V1 (19.0g ).
The lowest yield per plant was given by V8 (11.2 g).
Interaction effects were significant in all tiller age grﬁups

and varieties.
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4.6.8 Grain yleld per hectare

Irrespective of varieties, yield per hectare basis
ditlered signiticantly GbLetwren tiller age groups (lable
45). Tiller crop Tl »ecorded the higaest grain yield ci (7.48
t/ha) as compared to seedling planted crgp TO (6.83 t/ha).
Aged tiller (T2} registered the lowest yield (4.07 t/ha).
Varieties also differed significantly among them with
respect to grain yield. V4 recorded the highest yield (7.068
t/ha) followed by V1 (7.12 t/ha). ‘1he 1lowest yield was
recorded in V8 (3.67 t/ha). The interaction effects between

age of tillers and varieties were significant.

4.6.9 Test weight

The results on test weight as influenced by tiller age
and varieties are presented in Table 45, Test weight
differed significantly due to tiller age groups. Vegetatively
propagated tiller crop T1 recorded the highest (20.89g)

followed by TO (20.85g) and the lowest was T2 (19.08g).

Test weight also wvaried significantly among the
varieties. V6 registered the highest test weight (22.04 g)
followed by Vb6 (21.51 g) and V7 (21.21g). 1The lowest test
weight was recorded by v8 (18.39). The interaction effects
between tiller age and varieties were significant.
4.6.10 Days to maturity (from planting date)

The data on days  to maturity as influenced by age of
tiller and varieties are presented in Table 45. Days to

maturity diftered sigunificantly due to tiller age and
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lable 45t Yeld and maturlty of rice varieties as influenced by age of tillers
Filled Yield/ Yield/ Ihays to
Jrvatmonts spikelet plant hectare * ‘lest weight maturity
%) (8) (t) (g) after

Age of tiller (T)

10 83.9 20.4 0.83 20.85 1U4.0

11 85.6 21.3 7.48 20.89 99.8

T2 66.7 10.9 4.07 19.08 80.5

S.Em+ 0.16 0.06 0.02 0.01 0.24

C.D. 5% 0.63 0.23 0.06 0.03 1.00

Varieties (V)

vi ARC 11353 R 80.8 19.0 7.12 19.13 104.1

vz IR 46 R 76.9 16.0 6.06 19.63 103.3

v3 Madlu WA / 1R 15324 R 82.9 18.9 7.05 14.70 97.0

V4 IR 54752 A / ARC 11353 R 85.3 22.0 7.68 20.65 101.0

V5 IR 54752 A / IR 54 R 76.0 16.7 6.80 21.51 95.0

V6 IR 54752 & / IR 27315 R 86.5 23.7 65.94 22.04 44.3

v7 vaas 69.1 12.4 3.70 21.21 64.3

V8 ES 18 B 72.2 . 11.2 3.67 18.39 65.7

S.Hn+ 0.50 0.19 0.03 0.02 0.40

C.D. 5% 1.40 0.53 0.07 0.05 1.10

Interaction (T x V)

U vl 85.2 19.8 7.64 19.23 115.3
N2 890.4 18.9 $.79 20.00 117.0
v3 86.9 22.6 7.87 20.54 111.0
vd 88.8 25.1 8.U5 21.00 116.0
V5 81.2 20.4 7.72 22.72 108.0
vé 90.2 27.0 7.87 22.63 115.0
V7 78.4 15.2 4.32 21.46 74.0
v 80.0 14.2 4.40 18.04 76.0

11 vl 88.6 20.6 8.18 19.2 104.0
v2 82.1 20.4 7.67 20.03 101.0
v3 90.4 24.0 8.64 20.50 44 .0
v4 91.2 26.1 9.12 21.59 99.0
vb 80.4 20.9 8.36 22.71 92.0
V6 89.8 27.1 8.49 22.62 97.0
v7 80.0 10.3 4.78 21.52 62.0
v8 82.1 14.6 4.63 18.88 61.0

68.6 16.5 5.55 18.495 493.0

12 x; 68.3 8.9 3.73 18.86 y2.0
v3 71.4 10.2 4.63 18.09 86.0
va 75.8 14.4 3.89 18.72 89.0
V5 66.6 8.9 4.3 19.10 85.0
Vo 79.6 17.1 4.47 20.868 83.0
V7 48.9 5.6 2.01 20.64 57.0
V8 54.4 4.9 1.99 17.43 60.0

For canparison of means

;.Ia:_"!HSﬂU)B tevel of T 0.87 0.33 0.04 0.03 0.68

CD 5% 2.40 0.91 0.12 v.07 1.88

1

é.:;"same or different level of V 0.83 0.31 0.04 0.03 066

C.D. 5% 2.32 0.88  0.13 0.07 2.00

® = Determined from plot yieid

10 = Seedling planted crop; No tiller separation

11 = 50 day old tiller; Tiller separation 50 days after sowing

12 = 70 day old tiller; Tiller separation 70 days after sowing
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varicties. Seedling planted crop took the maximum number of

days (104.0 days) followed by T1 (99.8 days) and T2 (80.5

days).

Among the varieties, V1 registered the maximum number
of days (104.1 days) followed by V2 (103.3) and V4 (101.0
days). V7 and V8 attained maturity at 64.3 and 65.7 days
after planting, respectively. Significant differences were
noticed due to interaction effects between " tiller age
and varieties.
EXPERIMENT -7
4.7 Seed Quality as Influenced by Type of Tiller

The results relating to seed quality as influenced by
type of tiller in IR 46R (G1) and ARC 11353R (G2) genotypes

are presented in Table 46.

4.7.1 Test weight

Irrespective of type of tiller, ARC 11353R (G2)
registered significantly higher test weight (21.54g). 1In both
the genotypes test weight decreased from Tl to T1U. First
tiller recorded the highest test weight (20.93 g).
followed by in order T2 (20.90g) and 13 (20.88g).Ilnteraction
between genotype and tiller type was significant for test
weight (Table 46).
4.7.2 Initial germination

Genotypes differed significantly in initial germination
percentage (Table 46 and Fig. 22) irrespective of tillers.

Seeds of early developed four tillers recorded the highest
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germination being on par with each other. Germination was
low in late tillers (15 to 110) than in early tillers (11 to
T4). Interaction between genotype and tiller was

significant.

4.7.3 1Initial vigour index

Vigour index of the IR 4bR (2725) was on par with that
of ARC 11353R (2803) as shown in Table 46. 1In all genotypes
under study, seeds from early formed tillers recorded higher
vigour index than late tillers (T5 to T10). The tillers T1
to T4 were all on par . Interaction between genotype and
tiller was found to be non-significant {for vigour index.
However, seeds of ARC 11353R of all the tillers exhibited
higher vigour index than IR 46R.
4.7.4 Germination after ageing

ARC 11353R registered higher germination (55.4%) than
IR 46 R (35.3%) as shown in Table 45. Seeds from early
tillers differed from late tillers for their response to
ageing. Early formed tillers (11 to 714) showed higher
germination than the rest. Interaction was significant.
4.7.5 Vigour index after ageing

Even after ageing, ARC 11353 recorded higher vigour
index (1623) as against IR 46R (1200) as shown in Table 46.
Vigour index of seeds from early tillers was significantly
more than those from late tillers. Ninth and tenth tillers
registered very low vigour index. Interaction was found to

be significant.
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EXPERIMENT -8

4.8 Seed Production Through Stubble Cropped Parents and
Field Performance of Stubble Planted Hybrids
The results of the experiment conducted during 1990
DS involved stubbles of four 'A' lines (V 2UA, IR 54752A, ES
18A and Intan mutant A), their maintainers for seed
production and performance of 5 hybrids and 3 varieties for
grain production are presented in Tables 47 and 48

respectively (Fig. 23 and Plate 5,6 and 7).

4.8.1 Regenerating capacity of tillers

The data pertaining to number of regenerated tillers
per single plant of A and B lines are presented in Table 47
and Plate 5 and 6. Statistical analysis revealed significant
differences for this parameter between V 20A/B and Intan
mutant A/B. But others were on par.A all A lines recorded
higher number of regenerated tillers than the maintainers.
The number of regenerating tillers obtained per mother plant
ranged between 13.4 and 15.7 for 'A'lines and 10.2 and 12.7
for B lines respectively.

The results on number of regenerating tillers obtained
per plant in hybrids and varieties are presented in lable 48.
Genotypes differed significantly for this character. Among
the hybrids, Madhu WA/1R 46 recorded maximum number of
tillers (15.0) and among varieties, ARC 11353 recorded ‘the
highest (11.5). The lowest number was recorded by the hybrid
V20A/1IR36 R (8.3). Except Gl and G2, all genotypes were

on par.
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Plate 7: Stand of stubble (slips) planted hybrid rice crop of
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4.8.2 Field establishment of stubbles.

The results on per coent lield e¢stablishmonl stubblos
in A and B lines are presented in Table 47 and Fig. 23. V2UA
and 1R54752A differed significantly whereas ES18A and Intan
mutant A were on par from B lines. The field establishment of
stubbles ranged between 57.1 and 72.4 for 'A' lines and 49.5

and 74.3 per cent for 'B' lines.

The data on per cent field establishment of stubbles
per plot in hybrids and varieties are presented in Table 48,
Significant differences were observed among the genotypes.
The high establishment was recorded in the hybrid Madhu WA/
IR 46 (86.7%); IR54752 A/ARC 11353 R (83.8) and varieties ARC
11353 R (84.8) The establishment was very poor in Rasi
variety (63.8%).
4.8.3 Plant height

The observations pertaining to plant height of A and B
stubble crops were furnished 1in Table 47. There are
significant difference between and among A and B lines. The
plant height of stubble crop ranged from 48.2 to 70.0 cm in

A lines and 59.3 to 81.3 cm in B lines.

Signiticant differences were noticed among the hybrids
and varieties due to plant height (Table 48). The highest
plant height was seen in hybrid IR 54752A/ ARC 11353R Q93.2
cm) followed by Madhu WA/IR 46 R (90.0cm) and ARC 11353 R
(86.0 cm). The lowest height was recorded in hybrid V 20A/IR

36R (75.6 cm).
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4.8.4 Number of tillers per plant

The data on number ot tillers per plant in A and b
lines are presented in Table 47. Significant ditferences were
noticed between and among parental lines. Among A lines, V20
A produced the maximum tillers (26.4) anmd V20 B did so (22.6)
among B lines. The lowest number of tillers was in [R

54752B (17.8).

The results on number of tillers per plant in hybrids
and varieties are given in Table 48. The entries Madhu WA/
IR 15324R (23.6), Madhu WA /IR 46R (23.0) and IR 54752A/ARC
11353R (22.4) differed significantly from IR 20 (16.5) and
v20a/ IR 36 (18.0). The variety IR 20 registered the minimum

tillers per plant (16.5).

4.8.5 Number of productive tillers per plant

The results pertaining to number of productive tillers
per plant in A and B lines are presented in Table 47.
Significant differences were observed between A and B lines
except for V 20A and B. Among 'A' lines, Intan mutant A
recorded the highest value (23.0) and IR 54752A the lowest
(19.0). Among the 'B' lines V 20B recorded the highest number
of productive tiller (21.0 ) and lowest was in IR 54752B

(16.6) .
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Signiticant ditterences were noticed among the hybrids
and varieties 1in respect of productive tillers per plant
(Table 48). The hybrid Madhu WA/IR 15324R recorded the
highest productive tillers (21.6) closely followed by IR
54752A /ARC 11353R (21.4), Madhu WA /IR 4bR (1Y.2) and Rasi

variety (19.0).

4.8.6 Seed yield

The observations pertaining to seed yield of 'A' and
'B' lines are presented in Table 47 and Fig. 23. Significant
differences were observed among parental 1lines tor seed
yield. On per plant basis, the maximum seed yield (5.8g) was
recovered in IR 54752A and the minimum in V 20 A (4.2 g).
Among 'B' lines, IR 54752B recorded the maximum yield (6.9 g)

and the minimum was in ES 18 B (4.8 g).

On per hectare basis, Intan mutant A produced the
highest yield (1.00t) which was on par with 1IR54752 A
(0U.95t), and ES 18 A recorded the lowest seed yield of 0U.62
t/ha. Among 'B' lines, IR 54752B recorded the maximum mean
yield (2.56 t) closely followed by Intan mutant B (2.03t) and

the minimum was recorded in V 20 B (1.21t).
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4.8.7 Grain yield

The data on grain yield per plant are presented in
Table 48. Significant differences were observed among
entries. The hybrid IR 54752A/ARC 11353R recorded the
max imum yield (15.08) which differed significantly from Madhu
WA/IR 46R (11.4g), Madhu WA/IR 15324R (10.2g), V 20 A/IR36R
(9.1g), ARC 11353R (9.0g), Rasi (8.4g) and IR 20 (6.6g). 'lhe

other genotypes were on par.

On hectare basis, grain yield differed significantly
among the genotypes studied. The hybrid IR 54752A/ARC 11353R
recorded the highest grain yield (6.28 t) followed by Madhu
WA /IR 46 R (4.94 t) and Madhu WA /IR 15324R (3.93 t). The

lowest grain yield was noticed in Rasi (2.68 t).

EXPERIMENT -9

4.9 Performance of Stubble Crop as Influenced by Time of
Mother Crop Harvest

The results of the experiment 1involving a poor
ratooner, good ratooner and a hybrid variety to assess
stubble crop performance as influenced by time of harvesting

of main crop are presented in Tables 49 and 50 and kig. 24.

4.9.1 Per cent regeneration

Per cent regenerated hills in ratoon <crop diftered
significantly (Table 49 and Fig. 24) due 1o time of
harvesting of main crop. Harvesting main crop at
physiological maturity (H1l) recorded the highest number of

regnerated hills (84.1 %) per plot which was on par with H2:
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harvesting one week after physiological maturity (80.1%).
Harvesting main crop two weeks atter physiological maturity
recorded the lowest number of regenerated hills (72.8%) .

Regenerated hills differed significantly in varieties too.
IR 54752A/ARC 11353R recorded the maximum regenerated hills
(81.0%) which was on par with ARC 11353R (90.9 %) Pushpa
showed the minimum (565.1%). The interaction between
harvesting time of mother crop and varieties at all levels

was not significant,

4.9.2 Regenerated tillers per plant

Significant differences were not noticed among the
harvesting time of mother crop for number of regenerated
tillers (l1able 49). Regenerated tillers per plant ranged

from 10.1 (H3) to 10.6 (H1).

Signitficant differences were also observed among the
varieties for regenerated tillers per plant. V1l recorded
the maximum (12.4) which differed significantly from V2

(11.2) and V3 (7.7).

4.9.3 Field establishment of stubbles

Field establishment percentage of stubbles differed
significantly with respect to time of harvesting of mother
crop (Table 49). H1l recorded the highest (95.4%) tollowgd by

H2 (91.0%) and the lowest in H3 (84.4%).
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Significant differences were observed among the
varicties due to field establishment ol stubbles. V3
registered the highest (97.6%) followed by V1 (88.8%) and V2
(84.6%). The interaction effects between harvesting time of

main crop and varieties at different levels were

significant.

4.9.4 Plant height

Significant differences were not noticed in plant
height due to harvesting time (Table 49), but only voarieties
differed significantly in plant height of stubble crop. V3
{(86.1 c¢cm) was on par with v1 (84.5 cm). V2 recorded the
lowest (65.3 cm). The interaction was not significant at

the same or different levels of varieties and harvesting

time.

4.9.5 Total tillers per plant

The number of total tillers per plant in stubble crop
differed significantly due to harvesting time of mother crop
(Table 49). H2 recorded the highest number of tillers
(15.7) which was on par with H1 (15.6): significantly
differing f rom H3 (15.3). Varieties also differed
significantly for total tillers per plant. V3 registered
the highest (16.9) followed by V1 (16.0). V2 recorded the
lowest (13.8) number of tillers. The interaction eftects
between the harvesting time of main crop and the varieties

were significant.
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4.9.6 Productive tillers per plant

Productive tillers per plant ot stubble crop diltered
significantly due to harvesting time of mother <crop (Table
49). H1 (12.3) registered the highest number followed by H2
(12.1) and H3 (11.Y). Varieties also ditfered significantly
in respect this character. V3 recorded the maximum number of
productive tillers (13.1) closely followed by V1(12.1) and V2
(11.1). The interaction between harvesting time ot mother

crop and the varieties was not significant.

4.9.7 Panicle length

The data on panicle length are presented in Table 49.
Significant differences were noticed with respect to this
character due to harvesting time of main crop. H1 (20.2
cm) recorded the highest values closely followed by H2
(20.0 cm) and H3 (19.9 cm). Varieties also differed
significantly for panicle length. vd (22.1 cm) registered
the highest +followed by V1 (19.7 ¢em) and V2 (18.3cm).

Interaction effects were also significant.

4.9.8 Spikelets per panicle

Spikelet number per panicle of stubble crop differed
significantly due to harvesting time ot main crop (Table bU).
H1 recorded the highest number (112.1) closely followed by H2
(110.3); but H1 differed significantly from H3 (1Q8.U).
Significant difterences were observed among the varieties
too for spikelet number. V3 (130.0) recorded the highest

number followed by V1 (116.0) and V2 (84.5). In general in
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Table 4Y Regeneratad hills per plot, regenerated tiller per plant and their field
establidment, growth and yield campments of stutble planted crgp as inf luencald by
harvesting time of main crgp

Regenerated Field Plant Total Praductive Panicle
establigr height tillers/ tillers / length
Treatnent Hills/ ‘lillers/ ment (%) (an) plant plant (an)
plot plant
Harvesting time (H)
Hi 84.1 10.6 95.4 78.6 15.6 12.3 20.2
H2 80.1 10.5 91.0 78.8 15.7 121 20.0
H3 72.8 10.1 84.4 78.5 15.3 11.9 19.9
S.Bn + 1.76 0.13 0.57 0.57 0.05 0.04 0.03
CD.5 4.95 NS 2.22 NS 0.18 0.14 0.1
Varieties (V)
vl 90.9 12.4 88.8 84.5 16.0 12.1 19.7
(86.1) (17.2) (12.6) (19.9)
V2 55.1 7.7 84.6 65.3 13.8 11.1 18.3
(67.2) (15.1) (13.1) (18.7)
V3 91.0 11.2 97.6 86.1 16.9 13.1 221
(86.2) (18.6) (14.7) (22.1)
S.hn+ 1.63 0.07 0.45 0.72 0.7 0.05 0.03
C.DS5S% 4.74 0.22 1.3 2.21 0.21 0.14 0.10
Interaction (Hx V)
Hivl 96.6 12.6 95.4 84.5 16.1 12.2 19.8
H1V2 60.4 8.0 92.6 65.2 14.0 11.3 18.6
H1vV3 95.4 11.2 98.3 86.2 16.8 13.3 22.2
H2vi 91.4 12.5 Y0.3 84.3 16.0 12.1 19.7
H2v2 56.9 7.8 85.7 65.8 14.1 11.1 18.3
HZV3 91.9 11.3 97.1 86.2 17.1 13.1 22,1
H3v1 84.8 12.0 80.3 84.7 15.9 11.8 19.6
H3v2 47.9 7.2 75.3 64.9 13.2 11.0 18.1
H3V3 85.6 11.0 97.3 85.9 16.8 12.9 22.0
V at sane level of H
S.Bm 2.66 0.12 0.78 1.24 0.a2 0.08 0.05
CDhS5% NS NS 2.40 NS 0.36 NS 0.17
H at same/different
level of V
S.Hin 2.80 0.16 0.85 1.16 o1 0.08 0.05
CD.5% NS NS 2.90 NS 0.34 NS 0.317

Hl = Harvesting at plysiological maturity
H2 = Harvesting at one week af ter plysiological maturity V2 = Pudpa
H3 = Harvesting at two week after ptysiological maturity V3 = IR 54752 A/ARC 11353 R (Hytrid)

NS = Not significant; Figures in parantheses are results of respective seadling planted varieties

V1 = ARC 11353 R (goud ratooner)
(poor ratooer)
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all the wvarieties, main crop recorded more numbor of
spikelets than respective stubble crop. Interaction eiftects
between harvesting time and varieties due to total spikelets

per panicle differed significantly.

4.9.9 Filled spikelets per panicle

The data on filled spikelets per panicle are furnished'
in Table 50. Significant differences were observed between
harvesting time of main crop for filled spikelets.
Harvesting at physiological maturity (H1) registered the
highest filled spikelets (103.1) which was on par with H2

(100.8) and differed significantly from H3 (97.8).

Significant ditferences were noticed among the
varieties for filled spikelets. V3 (119.0 ) showed the
highest number and differed significantly from V1 (106.0) and

vz (76.8).

4.9.10 Per cent filled spikelets

Percentage filled spikelets differed significantly due
to harvesting time of main crop (lTable 50). H1l registered the
highest {(91.9%) which was on par with H2 (91.4%) and
significantly diftering from H3 (90.3%) . Negligible
differences were observed among the varieties for per cent
filled spikelet in stubble crop. In general it was higher
in the main crop of V1 and VZ but not in V3. Interactions
were significant among the varieties and harvesting time for

per cent filled spikelets in stubble crop.
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4.9.11 Grain yield per plant

Grain yleld ot stubble crop did not vary signiticantly
due to time harvesting of main crop (Table 50). However,
harvest at physiological maturity registercd the highest
grain yield (21.6g) followed in numerical order by H2 (21.2

g) and H3 (20.4g).

vVarieties differed significantly for grain yield per
plant. V3 recorded the highest grain yield (24.6g) per plant
tollowed by V1 (22.1g) and lowest by V2 (16.5g). Main crop
grain yield was more in V1 and V2, but 1low in V3. The
interactions between time of harvesting and varieties was not

signiticant.

4.9.12 Grain yleld per hectare

The data on grain yield per hectare are presented in

Table 50. Signiticant ditfterences were noticed due to
harvesting time of main crop on grain yield of stubble
crop. H1 recorded the highest yield (6.96 t/ha),

significantly diftering from H2 (6.69 t/ha) and H3 (b6.19
t/ha}. Varieties too differed for grain yield. V3
registered the highest yield (8.68 t/ha) closely followed by
Vi (7.72 t/ha) and the lowest by V2 (3.44 t/ha). In general
grain yield was high in main crop of V1 and V2 and less 1in
V3 as compared to the respective stubble crops. lnteragtion
effect between harvesting time and variety as reflected in

grain yleld was significant.



Table 50.

Yield and yield attributes of

time of harvesting of main crop

stubble crop as
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influenced by

Filled spikelets

Grain yield per

Spikolets/ ————-cmmmm e e Tost
Troatment panicle per por cont 'loanl tloctare welight
panicle (g) (t) (g)
Harvesting time (H)
H1 112.1 103.1 91.9 21.6 6.96 20.05
H2 110.3 100.8 91.4 21.2 6.69 19.86
H3 108.0 97.8 90.3 20.4 6.19 19.68
S.Hn + 0.60 0.90 0.40 0.44 0.02 0.01
C.D. 5% 2.35 3.40 1.58 NS 0.08 0.04
Varieties (V)
\al 116.0 106.0 91.4 22.1 7.72 19.14
(123.0) (116.0) (95.3) (24.80) (9.10) (19.16)
V2 84.5 76.8 90.8 16.5 3.44 18,22
( 92.0) ( 88.0) (96.0) (19.80) (4.51) (18.28)
V3 130.0 119.0 91.5 24.6 8.68 22.22
(135.0) ( 99.0) (73.2) (21.0) (6.10) (22.36)
S.HBn+ 0.76 0.71 0.54 0.46 0.014 0.007
C.D.5 2.34 2.20 NS 1.42 0.043 0.02
Interaction (H x V)
Hivl 120.0 110.0 91.7 22.1 8.31 19.17
H1v2 87.3 80.3 92.0 17.3 3.77 18.45
H1v3 129.1 119.1 92.2 25.4 8.80 22.53
H2v1 116.0 102.0 87.9 22.2 7 .86 19.12
H2v2 84.4 79.3 93.8 16.9 3.48 18.12
H2v3 130.5 1211 92.7 24.6 8.74 22.32
H3V1 112.0 106.0 94.6 21.9 7.00 19.13
H3V2 81.6 70.7 86.6 15.4 3.o8 18.08
H3V3 130.4 116.8 89.6 23.8 8.51 21.82
V at same level of H
S .Hn+ 1.32 1.23 0.95 0.80 0.02 0.012
C.D.5 % 4.06 3.80 2.92 NS 0.08 0.04
H at same/different
level of V
S.Hn+ 1.23 1.33 0.87 0.79 0.03 0.014
C.D.5 % 4.04 4.57 2.84 NS 0.10 0.05
H1 = Harvesting at physiological maturity
H2 = Harvesting at one week after physiological maturity
H3 = Harvesting at two week after physiological maturity
V1l = ARC 11353 R (good ratooner)
V2 = Pushpa (poor ratooner)
V3 = IR 54752 A/ARC 11353 R (Hybrid) .
NS = Not significant; Figures in parantheses are results of respective seedling

planted varieties
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4.9.13 Test weight

Tost welght of stubble crop differed signiticontly duo
to harvesting time of main crop (Table 50). Harvest at
physiological maturity - H1l registered the highest test
welght (20.05g) followed by H2 (19.86g) and H3 (1Y9.68).
Varieties also differed significantlty for test weight. V3
(22.22g) recorded the highest weight followed by V1 (19.14g)
and V2 (18.22g). Interaction effects between harvesting time

and variety were significant for test weight.

EXPERIMENT -10
4.10 Performance of Stubble Planted Crop after Root Dipping
The results of the experiment (1990 WS) involving
stubble crop of F hybrid, IR 5475ZA/1IR40R as influenced by
root dipping of stibbles in chemicals are presented in Table
51,
4.10.1 Field establishment
Field e¢stablishment percentage varied significantly
among the treatments (Table 51 and Fig. 25). Stubbles dipped
in Rogar + DAP (15) registered the highest field
establishment (94.2%) followed by Rogar + Emissan (94.0%).
The treatment TS5 differed significantly from other treatments
viz., T3: 92.60%; T2: 93.2%:; T1: 91.8% and the lowest in

control: 87.0%. Seedling planted check recorded 95.0 per

cent of field establishment being on par with T5.
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4.10.2 Plant height
Significant ditferences were observed in plant height
due to treatment over the control (Table 51). The stubbles
in TH recorded the highest plant height (72.1cm) tollowed by
T4 and T1 (71.3 cm). The lowest height was noticed in the T7
(70.3 c¢m). However, seedling planted hybrid (T8) recorded
greater height (73.4 cm) than the stubble planted crop. The .

treatments Tl to T7 were on par

4.10.3 Productive tillers per plant

Significant differnces were noticed among the
treatments 1in productive tillers (lable 51). The maximum
number (15.2) was observed in 15 (root dipping in Rogar +
DAP) followed by Emissan + Rogar (15.0) and the minimum was
observed 1in the control (13.7). 7The tratments T1, T2, T3,
T4, T5 and TG were all on par. 1he seedling planted hybrid
recorded numerically more productive tillers (15.8) was on

par with Tb.,

4.10.4 Panicle length

Panicle length differed =significantly among the
treatments (Table 51). The maximum panicle length was
recorded in the treatment including Rogar + DAP (19.2 <cm)
closely followed by Emissan + Rogar (19.1 cm) and the minimum
was in the control (18.1 cm). Seedling planted hybrid
recorded panicle length of 19.3 cm which was on par with Tb.

The treatments Tl and T3, T4 and T5 and I8 were on par.
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4.10.5 Per cent filled spikelets

The data on per cent {illed spikelets are presented in
Table 51. Significant differences were noticed among the
treatments. The maximum per cent filled spikelets (93.7%)
was noticed in the treatment involving Rogar + DAP t{ollowed
by kmissan + Rogar (92.5%) and Emissan + Rogar + DAP (92.4%).
The 1lowest filled spikelet percentage was recorded in the
control (82.0%). Seedling planted hybrid registered 85.2
per cent. The treatments. T1, T2, 173, T4, 15 and 1T6 were all
on par.
4.10.6 Grain yield

The grain yield of stubble planted hybrid 1R 54752A/1R
46R based on 5 plants and on hectare basis are given in Table
51 and Fig. 25. Significant difterences were noticed among

the various treaments for grian yield..

Based on five plants observation, the treatment
involving Rogar + DAP recorded the highest grain yield (/5.5
g) closely followed by Emissan + Rogar (72.5 g) and Emissan +
Rogar + DAP (71.0 g). The lowest yield was registered by the
control (57.5g). Seedling planted hybrid recorded 67.8 g

yield per 5 plants.

On hectare basis, the treatment involving Rogar + DAP
recorded the maximum grain yield (7.50 t) closely tollowed by
Emissan + Rogar (7.12 t) and Emissan + Rogar + DAP (7.00 t).

The 1lowest yield was registered in control (5.75 t).
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Seedling planted hybrid recorded 6.80 tonnes grain yield per
hectaro.
EXPERIMENT -11

4.11 Optimum Planting Ratio for Parental and Hybrid Seed
Production

4.11.1 Planting ratio in IR 62829 A/B seed production
The results pertaining to the etfcct ot planting ratio
on seed set and seed yield in parental seed production are

presented in Table 52 and plate 8.

4.11.1.1 Number of productive tillers

Results indicated significant ditfternces among the
planting ratios 1in number of productive (seed bearing)
tillers per plant (lable 52)., The treatment 2B:4A (15)
recorded the maximum productive tiliers (14.8) closely
followed by 2:6 (14.8). The minimum tillers (11.8) were

registered in 2:10 which was on par with 2:8 (12.3).

4.,11.1.2 Panicle length
Differences were not significant for panicle length
(Tabele 44). Panicle length ranged trom 19.5 to 19.3 c¢nm

irrespective of planting ratios.

4.11.1.3 Spikelets per panicle
Total number of spikelets per panicle (Table 52) which
ranged trom 152.0 to 139.0 did not vary significantly among

the planting ratios.
4.11.1.3a Days to 50 per cent flowring
IR 62329A took 103 days axd IR 62829B iook YY days tor 50 per

ceat flowering.
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A4.11.1.4 I'illod spikelets per panicle

Filled spikelets per panicle differed significantly
among the planting ratios {(Table 52). 7The filled spilkelets
were high in the ratio of 1:2, 2:4 and 2:6 (23.U, 22.0 and
20.0 respectively). The minimum {filled spikelets were

observed in 2:10 ratio (13.0).

4.11.1.5 Seed set per cent

Seed set percentage differed significantly among the
ratios (Table 52). The highest seed set was observed in 2:4
(16.9%) which was on par with 1:2 (16.8%), 2:6 (14.3%) and
1:3 (14.1%). The lowest seed set was observed in 2:10 (9.7%)

followed by 1:5 (9.8%).

4.11.1.7 Seed yield

The data pertaining to seed yield per plant and hcctaroe
basis are furnished in Table b2. Signiticant differences
were noticed among the ratios for seed yield per plant. The
max imum yield was recorded in 1:2 (5.6 g/plant ) ratio
followed by 2:4 (5.2 g/plant) and 2:6 (5.0 g/plant) which was
on par with 2:8 (4.7g/plant). 7The minimum seed yield per
plant was observed in 2:10 (2.9 g/plant) and in 1:56 (3.0

g/plant).

Per hectare yiéld also showed significant difterences
among the ratios studied (lable 52) But it was ditterent trom

the above trend. The ratio 2:6 recorded the highest seed
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yield (1.57 t/ha) which on par with 1:3 (1.50 t/ha). The
lowest sced yleld was givdh by 2:10 ratio (0.90 t/ha).
4.11.2 Planting ratio in IR 62829 A/IR 9761-19-1R hybrid
seed production
The results pertaining to hybrid seed yield and yield
attributing characters on IR 62829 A/ IR 9761-19-1R as
influenced by planting ratio (A/R) are presented in Table 53,

Fig. 26 and Plate 9;

4.11.2.1 Number of productive tillers per plant
Significant differences were not noticed among the
planting ratios for productive tillers per plant. The

tillers ranged from 12.9 to 13.3 (lable 53)

4.11.2.2 Spikelets per panicle
Significant differences were not observed due to total

spikelets per panicle and ranged from 130 to 140 (lable 53).

4.11.2.3 Filled spikelets per panicle
Filled spikelets per panicle differed significantly
among the ratios. All the 3 ratios (1:2, 2:4 and 2:0)
recorded 8.U filled spikelets per panicle and were on par
with 1:3 (7.0), 1:4 (6.0). Minimum number of filled spikelets
were noticed in 2:10 (3.0) ratio (Table 53).
4.11.2.3a Days to 50 per cent flowering
The restorer took 95 days and fenale parent took 105
days to flower 50 per cent.

4.11.2.4 Seed set per cent

There were significant difference among the plantiing
ratios (Table 53 and Fig. 26) in sead set percentage. The
highest seed set was observed in 1:2 (5.8%) closely followed
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by 2:6 (6.7%), 1:3 (5.7%) and 2:4 (5.6%). The minimum seed

s0l was obsorved in 2:10 (2.7 %) .

4.11.2.5 Hybrid seed yield

The observations on hybrid seed yield per plant and
hectare basis are given in Table 53 and Fig. 26. Hybrid seed
yield per plant differed significantly among the planting
ratios studied. The maximum seed yield per plant was
recorded in 2:4 (2.30 g) which was on par with 1:2 (2.28 g),
1:3 (2.26 g) and 2:6 (2.26g). The minimum yield was
registered in 2:10 ratio (1.16 g). Per hectare hybrid seed
yield also differed significantly. The ratio 2:b recorded
the maximum seed yield (0.80 t) which was on par with 1:3
(V.76 t). The lowest yield was observed in 2:10 (V.43 t)

followed by 1:5 (0.45 t).

EXPERIMENT -12

4.12 Synchronization of Flowering ¢of parents in seed
production of Hybrids

4.12.1 Synchronization in IR 62829A/B seed Production
The results of the experiment involving IR 62829A

and IR 62829 B are presented in Table 54.

4.12.1.1 Days to 50 per cent flowering

The female parent IR 62829A took 1U7 days and its
maintainer took 103 days for 50 per cent flowering. petter
synchrony was achieved in sowing b four days atter female
sowing (T2). Continuous pollens could be supplied by giving

one more staggering on 8th day after female sowing as in T8.
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4,12.1.2 Producitve tillers per plant

Praoduactivo tittlors por planl ditlorod lipgoillcontly
among the treatments (Table 54). Sowing of male 4 and 8 days
later to female (T8) recorded the highest productive tillers
{14.8) per plant which was on par with 16 (14.2), 17 (14.1),
15 (14.0) and T4 registered the lowest tillers (11.0)

followed by T1 (11.9).

4.12.1.3 Filled spikelets per panicle

Significant differences were observed for filled
spikelets per panicle of ftemale parent (Table 54). ‘lhe
treatment 18 recorded the highest number of tilled spikelets

(26.0) tolluowed by 16 (18.0) and TZ2(1b.V0).

4.12.1.4 Seed set percentage

The data on per cent seed set indicated significant
differences among the same female parent sets of different
treatments (Table 54). 7The highest seed set was recorded in
T8 (18.71%) followed by T6 (12.68%). The lowest seed set was

registered in T1 (4.38%).

4.12.1.5 Seed yield

Significant differences were observed in seed vyield
per plant of female line due to various staggered sowing of
male parent (Table 54). The highest seed yield per plant was
recorded in T8 (6.83 g) followed by 16 (4.80 g) and T2

(4.31g). '1The lowest yield was registered by T4 (1.41 g).
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Table 54. Seed yield contributing factors and yield as influcnced by
synchronization of flowering in parent seed production
of IR 62829 A/B

Seed yield per Flowering

Male Productive Filled Seed ~----mmmmmemeeaa Bhaviour
staggering tillers/ spikelets set Plant Hectare* (%)

DAEFS plant / panicle /panicle (%) (t) A Bl B2
2 11.9 6.0 4,38 1.61 .38 50 78 -
4 14.0 16.0 11.15 4.31 0.88 50 49 -
6 13.6 7.0 4.78 1.97 0.45 50 31 -
8 11.0 6.0 4,38 1.41 0.29 50 09 -
2, 8 14.0 11.0 7.55 3.02 0.71 50 80 8
4, 6 14.2 18.0 12.68 4.80 1.07 50 48 34
6, 8 14.1 15.0 9.97 4.03 0.94 50 33 iv
4, 8 14.8 26.0 18.71 6.83 1.49 50 49 10
Mean 13.45 13.1 9.20 3.49 0.78
S.hin+ 0.34 1.71 1.36 0.28 0.024
CD5% 1.04 5.20 4.10 0.86 0.07
DAFS = Days after female sowing
NS = Not significant
B1 and B2 = Staggered first and second rows in a set
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lhe seed yield of temale parent per hectare basis

followed the same trend as above (Table 55). ‘lreatment 18
recorded the highest seed yield (1.49 t/ha) followed by Tbob
(1.07 t/ha). The lowest yield was observed in 14 (0.2Y t/ha)
tollowed by T1 (0.38 t/ha).
4.12.2 Synchorinization in IR 62829 A/ IR 9Y761-19-1R hybrid
seed production

Data on seed yield as influenced by synchronization of

female: IR 6282Y9A and male: IR Y761-19-1R are presented in

lable 556.

4.12.2.1 Days to 50 per cent flowering

The temale parent 1R 62829A took 108 days whereas male
took 99 days for 50 per cent flowering (lTable 55). lThere was a
periect synchrony of flowering between male and temale when
male was sown nine days later to female. Sowing male parent
Y and 13 days atter sowing +female resulted in better

synchrony and continuous supply of pollen.

4.12.2.2 Productive tillers per plant

Significant differences were obtained for number of
productive (seed bearing) tillers per plant due to synchrony
of male parent with female (lTable 55). Sowing male parent Y
and 13 days later to female (T8) recorded the maximum
productive tillers (14.6) followed by T7 (sowing male, 9 and
11 days later to female) i.e., 14.0 tilliers. Treatment T4

recorded the minimum tillers (9.8) followed by 1T1 (10.9).
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4.12.2.3 Filled spikelets per panicle
Signiticant diffecrences were recorded lor tillced
spikelets on female parent due to different staggered sowing
of male (Table 55). Sowing male parent Y and 13 days after
female sowing registered the highest number ot filled
spikelets (21.0) followed by T6 (18.0) and T4 recorded the

lowest (5.3) tilled spikelets.

4.12.2.4 Seed set percentage

Significant difterences were noticed t{or seed set
percentage due to various staggered sowing of male parent
(Table 55 and btig. 27). Sowing male Y and 13 days atter
sowing of female recorded the highest seed set (13.72%) but
was on par with the treatment of sowing of male 9 and 11
days later to female (12.33%). The lowest seed set (2.56%)
was recorded on female by single sowing of male parent 13

days atter female.

4.12.2.5 Hybrid seed yield
The highest seed yield per plant was recorded (Table 55
and I'ig 27) in 1I'7 (6.42g) tollowed by T4 (b.2Yg). 14 recorded

the lowest seed yield (0.74g) per plant.

Seed yield per hectare computed based on plot yield
followed the same trend. T7 recorded the highest seed yield
(1.86 t/ha) followed by T6 (1.61 t/ha). The lowest hybrid

seed yield was observed in T4 (0.22 t/ha).



Table 55. Hybrid sced yield and yield attributes as influenced by
IR 62829 A/ IR Y761-19-1 R

synchronization of flowering in
seed production
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Seed yield per I'lowering

Male Productive Filled Seed —~=———em—cmaee—- behaviour
staggering tillers/ spikelets set Plant Hectare * (%)

DAKS plant /panicle (%) (g) (t) R1 R2
7 10.9 7.0 4,72 1.60 0.43 50 71 -
9 12.9 12.0 7.45 3.08 0.86 50 52 -
11 11.0 8.0 5.26 1.84 0.59 50 39 -
13 9.8 5.3 2.56 0,74 0.22 50 29 -
7, 9 12.6 13.0 8.72 3.42 0.98 50 70 51
9, 11 14.0 18.0 12.33 5.29 1.61 50 52 41
9, 13 14.6 21.0 13.72 6.42 1.86 50 50 29
11, 13 12.3 14.0 8.80 3.61 1.01 50 41 28
Mean 12.26 12.29 7.94 3.25 0.95
S.Hn+ U.41 0.76 0.52 0.08 0.05
CD5 % 1.24 2.31 1.57 0.24 0.16
DAFS = Days after female sowing

R1 and R2 = Staggered first and second rows in a set
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EXPERIMENT -13

4.14 I'tifoct of tolliar Spray on Scoed Suot and Svoed Ylold

The results pertaining to the growth, out crossing and
seced yileld on CMS (1R 54752 A / B) line as intluenced by
foliar chemical spray are presented in Tables 56 and 57 and
Il'ig. 28.

Behaviour of IR 54752 A
4.13.1 Plant height

There were significant differences among the different
treatments for plant height (Table 566). The treatment with
GA3 {bUppm) recorded the maximum plant height (94.7cm)
closely followed by urea spray, 1.5 percent (92.0cm) and

urea, 2.0 per cent (91.8cm). The plant height was minimum

(89 .6bcm) in Boric acid (U.5%) treatment.

4.13.2 Number of productive tillers

Statistical analysis revealed significant differences
in tillers due to treatments (lTable 56). 7The maximum number
of productive tillers (10.8 ) were recorded by GA3 spray
{60ppm) and Boric acid (1.0 %) followed by boric acid 0.5 per
cent (10.6) . The minimum productive tillers (9.0) were
recorded by spraying 1.5 per cent KNU tfollowed by 1.0 per
cent. The treatments T2,T7 and T8 were on par with each
other differed significantly from 1T6, 15, 14 and 13 which on

par with each other.
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4.13.3 Panicle exsertion
IPer  cent panicle exsertion ditfered signiticantly due
to various follar sprays (Table 66). Spraying of UA3 recorded

the maximum exsertion (72.1%) followed by urea 2.0 per cent

(68.9 %). The treatments T4, 15, T6, 177 and T8 were on par.

4.13.4 Panicle legnth

The panicle length diftfered significantly due to
sprays (Table 56). The maximum panicle length of 25.6 cm was
recorded in treatment with Buric acid (1.0% closely foliowed

by GA 60 ppm (25.5 cm). The treatment T6, 1T6 and T7 were

30

on par.

4.13.5 Filled spikelets per plant

Filled spikelets per plant differed signiticantly due
to treatments (Table 56). Spraying of 60 ppm GA‘3 recorded
the maximum number of filled spikelets (69.0) f{ullowed by
Boric acid 1.0 per cent (62.0}. The lowest values was

registered by the control.

4.13.6 Per cent seed set

The results on seed set percentage are presented in
lTable b6 and Fig. 28. Statistical analysis rcvealed
significant differences for this character due to treatments,
The highest seed set (6.95%) was in the treatment with GAy,
closely followed by Boric acid 1.0 per cent spray (6.73%).
the control recorded the lowest (4.64 %) seed set and

differed significantly from the rest.
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Table 56 . Growth and yield camponents of 1R 54752 A as influenced by foliar
chemical spray in seed production of IR 54752 A / B

Plant Productive Panicle Panicle ‘tPilled Seed
Treatments height tiller / exsertion length spikelets set
(cm) plant (%) (an) / plant (%)
T1 - Control 90.8 10.4 64.5 24,1 39.0 4.64
T2 - GA (60 ppm) 94.7 10.8 72.1 25.5 69.0 6.95
3
T3 - Urea (1.5 %) 92.0 9.4 67.1 25.3 50.2 6.29
T4 - Urea (2.0 %) 91.8 9.2 68.9 25.5 59.4 b6.21
T5 - KNO (1.0 %) 89.9 9.2 67.9 25.4 49.2 6.14
3
T - KNO (1.5 %) 90.3 9.0 68.5 25.4 57.0 6.73
3
17 - Boric Acid 89.6 10.6 68.7 25.4 53.0 6.01
(0.5 %)
T8 - Boric Acid 90.7 10.8 68.6 25.6 62.0 6.78
(1.0%)
Mcan 91.2 9.9 68.3 25.3 54.8 6.22
S.En+ U.45 0.09 U.49 .03 u.3u U.U4
C.D.5 % 1.64 0.27 1.48 0.09 0.90 0.12
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4.13.7 Seed yield
Sipgniticant diftorences woro noticod in vooed yiold duo
to treatments (Table 57 and Fig. 28). 7The maximum seed yield
per plant (1.49 g) was recorded in the treatment of GAS
tollowed in order by Boric acid (1.32 g), urea 2 per ceni

(1.25g), KNU 1.5 per cent (1.24 g), Boric acid 0.5 per cent

b}
(1.14 g), urea 1.5 per cent (1.068g) and KNO 1.0 per cent
(1.u6g). The lowest seed yield was recorded by the <control
(0.80 g).

Sced vyield per hectare computed, based on plot yield
also followed the same trend. 1lhe highest seed yield per
hectare was recorded by GA (0.45t), closely tollowed by
Boric acid 1.0 per cent (0.40t). ‘the lowest seed yield wes
noticed in the control (U.25t). 'lhe trcecatments 10 and 17, 14
and T7, T3 and 177, T2 and T8 were on par with each other.

4.13.8 Test weight

The data on test weight ot IR 54752 A seed are
presented in Table 57. The maximum test weight was recorded
by GA 3(21.68g) closely followed by Boric acid 1.0 per cent
(21.66g). The minimum value was registered by the control
(21.42g). The treatments T2, T4 and T8, 15 and T6, T6 and T7
were on par.

EXPERIMENT -14
4,14 Seed Quality of IR 54752 A as Influenced by Foliar spray
The results of seed quality attributes of IR 54752 A as

influenced by foliar chemical spray during production ot CMS

line are presented in Tables 58.
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4.14.1 Seed germination

Results indicated negligible ditferences due to
treatment in seed germination (lable b8). All the trcatments
recorded high secd germination as comparcd Lo countrol
(U5.5%). The maximum germination (Y98.8%) was in treatment
GA3 (60 ppm) followed by Boric acid 0.5 per cent (Y98.3%) and

KNO 1.0 per cent (98.3%).

4.14.2 Field emergence

The observations pertaining to per cent tield emergence
are turnished in Table 58. The treatments differed
significantly for +this character. 1he max imum field
cmergence was recorded by GA (97.3%) tollowed in order by
KNO3 1.0 per cent (96.4 %) and KNO 4 1.5 per cent (Y6.4%).

The minimum was rigistered by the control (93.3%).

4.14.3 Shoot length

Shoot length varied with troatmenls signiticantly
(Table 58). Maximum shoot length (15.3cm) was recorded 1in
the treatment ot GA3 and Boric acid (0.5%) closely followed
by KNOyz 1.0 per cent (15.3 cm) which wer on par with each

other. The lowest shoot length (12.9 cm) was reglistered by

control.

4.14.4 Root length-

All the treatments differed significantly over the
control for root lengthA(Table 58). The maximum root leﬂgth
was observed in the GAd (14.2 cm), closely tollowed by KNU3

1.0 per cent (14.2cm). The minimum root length was noticed
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in the control (13.8 cm). ‘The treatments 12 and 14, T4 and

Ts, TS and T7, T7 and T8 and T4 and T8 were on par.

4.14.5 Vigour index

1he observations pertaining to vigour index are
presented in ‘lable 58. All the treatments recorded
significantly higher vigour index over control (2554). The
maximum vigour index was registerced by the treatment boric
and 1.0 per cent (2878) which was on par with kKNO, 1.0 per
cent (2873) and GA3z 60 ppm 60U ppm (2868). the treatments

17 and T8, TS5 and T6, T2 and T3 and T2 and Tb were on par.
4.14.6 Seedling dry weight

There were significant difterences among the treatments
for seedling dry weight (Table 58). 1he maximum seedling dry
weight was registered by the treatment KNU3 1.0 per cent
(122.7 mg) and was on par with GAy4 (122.5 mg). ‘The minimum
value was recorded by the controi (118.U mg) tollowed by
urea 1.5 per cent (119.2 mg). The treatments 15 and Tb, T5

and T7, Tb and 177 and T6 and 18 were on par.

4.14.7 Ageing response

Seeds obtained from GAj recorded lower germinability
(83.U) as compared to Boric acid 0.5 per cent (8Y.0%).
Higher concentration of KNO,4, urea and Boric acid also

registered lower germinability and were on par (lable 58).
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DISCUSSION



V. DISCUSSION

The successful development of hybrid maize in the
19Y3Us provided an 1impetus for breeders of other crops
including self pollinating cereals such as rice, wheat and
often cross pollinated crops like sorghum, to exploit the

phenomenon of "hybrid vigour".

Jones (1926) was the first in USA to report heterosis
in rice,. Periodically, suggestions of developing kg
rice hybrids to exploit heterosis commercially have been
made by rice scientists 1in India {Richharia, 1962;
Mahadevappa, 1973), China (Yuan, 1966), U.S. (Carnahan et
al., 1872) and IRRI (Athwal and Virmani, 1972). But China
happened to be the first country to exploit heterosis in

developing hybrid rice.

China's commercial hybrids yield about 20 per cent more
than the best conventional varieties. This has encouraged
the rice scientists all over the world to explore the
potentials of hybrid rice, especially under irrigated
conditions. Initial results hsve indicated prospects ot
increasing rice yields through hybrids by about one tonne per
hectare.

Chinese hybrids and CMS lines were unsuccessful when
tested in other Asian countries because they were not adapted
to tropical conditions ;nd susceptible to major pests‘ and

diseases. Led by IRRI, work on production of suitable male

sterile lines and Py combinations of A/R lines was
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reinitiated in India, Indonesia, Republic of Korea, Thailand
and Japan. Preliminary trials showed 20 per cent yield
advantage due to heterosis. However, the natural outcrossing
rate in rice cultivars is low and hybrid seecd production,
using male sterility has been posing ditficulties 1limiting

immediate commercialisation of hybrids.

In 1973, when seed production of promising hybrids
started 1in China, F, seed ylelds were less than (.1 t/ha.
Now, techniques for hybrid seed production have been improved
and standardised, consequently seed yields have increased
substantially. In 1982, 0.15 m.ha area ecarlier devoted to
hybrid seed production was reduced to 0.12 m.ha, as hybrid

seed yield on average increased to 1.5 t/ha.

The most important factor determining outcrossing rate
on CMS lines are synchronisation of flowering and planting
ratio between male and female parents. 1t is not uncommon in
China to get 2.0 to 2.5 tonnes of hybrid_seed per hectare.
The highest hybrid seed yield in China was 6.1 t/ha for
hybrid Wei You 64 in Xu-=Pu country, China during 1985 summer
(Yuan et al., 1985). Extensive use of GA3 increases
outcrossing and seed yield but it is costly outside China.
So there is a need to investigate a substitute chemical for

the same to make hybrid rice commercially viable.
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Considering the existence of exploitable level of
heterosis 1in rice and the inherent problems associated with
seed production, research has been initiated in the
University of Agricultural Sciences, Bangalore to study the
feasibility of vegetative propagation to aid towards
economising seed production. Besides cost factor and saving
on fresh seed requirement, there are many other advantages
with this technique. Different methods of vegetative
propagation possible for adoption are i) ratooning ii)
tiller separation and planting and iii) stubble planting.
Ratooning is not only remunarative in commercial cultivation
but can be also practised during seed production whenever
there 1is non-synchrony of flowering between parental lines
during the main crop season. Tlller separation and stubble
planting also seem to be promising means under certain
situations, since it is possible to cover six to ten times
the area by adapting these methods because each tiller

becomes planting unit.

Apart from genotypes, the environment under which seed
production is taken up has a profound influence not only on
outcrossing rate but also on seed viability and storability.
Hence, selection of the best provenance for seed production
should become an integrel part of seed programme. The

present investigation aims at finding out the influence of
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i. genotype, provenance and season on initial seed quality,

ii. storability of genotypes as influenced ULy provenance
and seed treatment,

iii. comparison of seed production of hybrids through the
main crop and ratoon crops for their seed yield and
quality,

iv. feasibility of vegetative propagation with special
reference to tiller separation and stubble planting,

V. seed set and seed yield ags influenced by planting
ratio, synchronization of flowering between parents and

vi, seed set, yield and quality as influenced by foliar-
spray during parental seed production.

The experiments conducted with these objectives ylelded
encouraging results. The highlights of the results are
discussed in this chapter.

5.1 Seed Quality as Influenced by Genotype, Provenance and

Season

Seed quality 1is a complex phenpmenon comprehensing
genitical, physical, physiological and biochemical aspects ot
seed behaviour. Seed viability, vigour and 1longevity are
predominently determined by the genotype (Kurdikeri, 1891),
production 1location (Vanagmudi and Karvaratharju, 1985),
mother plant nutrition {Nandisha  and Mahadevappa,
1984)weather during seed development and maturity (Odiemah,

)
1988) and sceason (Venkata Reddy et al., 1990).

Results of the present s tudy have revealed
significant variation 1in seed quality due to genotype,
production location, season and their interaction effects.

The results obtained on these aspects are discussed herein.
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5.1.1 Genotypes and seed quality

As presented under results genotypes diftered
significantly due to seed characters viz., test weight, seed
volume and seed density causing for differences in seed
quality parameters such as germination, speed of germination,
fiold c¢mergence, seedling length, vigour index, electrical
conductivity of seed leachate and accelerated ageing test

response.

The test welght differed signiticantly among the
genotypes. V 20B recorded significantly more test weight
(25.92g) followed by IR 54752B (24.28g) and the lowest by
Pushpa (19.04g). Variation in the test weight is a genetic
character which depends on seed size. Such variations are
also reported by Umamaheshwar (1983). Mahanteshappa (1989)
and Yogeesha (1Y91) in rice. Other seed characters like seed
volume and density followed almost the same trend.
Superiority of V 20B genotype in respect of these characters
can be attributed to its big seed size, test weight and
better seed filling. Earlier reports of Shiveppa (1988) and

Deshpande (1988) strongly support the present finding.

Irrespective of production location and season,
genotypes differed significantly for seed quality parameters.
V 20B recorded the highest germination (96.01!%) <closely
followed by Pushpa (95.7%) and Mangala (95.5%). Superiority

of these genotypes was attributed to their genetic potential,
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seed weight and density (Maranville and Clegg, 1977). On
the contrary, seeds of Mangala and Pushpa which have
comparatively 1lower test weight, showed better germination,
but IR 54752B (93.3%) with higher seed weight registered

marginal decrease in germination.

Seedling length of the genotypes wunder the study
differed significantly and ranged from 20.2 cm (Intan
mutant) 27.3 (V 20). The vigour index was maximum in V 20B
(2626) closely followed by Pragathi B (2501), Mangala (2409)
and was the lowest in Intan mutant (1906). 1he superiority
noticed in vigour index can attributed to high germination
and increased seedling length besides being characteristic of
the genotypes. Speed of germination too followed the same
trend V 20B recorded the highest value (31.6), followed by
Pushpa (30.3); but it was minimum in Improved sona (29.0}).
Difference 1in germination speed &appeared to be due to
inherent capacity of genotypes to germinate faster and grow
rapidly resulting in vigourous seedling. It is also reported
to be dependent on reserve food material and its efficient
utilization during germination (Styer et al., 1980). The
present results are consistant with those of Linhares (1980)
and Mathur et al. (1982) who observed higher germinability
and vigour in heavy seeds. The present results also support
by findings of Cicero and Orsi (1978) who noticed higher

vigour in heavy seeds than in lighter, as recorded 1in the

four rice cultivars. Field emergence of the genotypes was
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also in tune with vigour index of V 20 B, being superior to

the rest. This superiority was attributed to high scedling
vigour. But the emergence values were lower than germination
values which could be due to environmental stresses, as

germination test was conducted under favourable laboratory

conditions.

The electrical conductivity is widely used as a vigour
test to measure seed quality in most of the <crops and EC
values are inversly related to seed quality. In the present
study, seeds of V 20B were recorded the lowest EC (146 u
mhos/cm) and Pragathi B (165 p mhos/cm) and Intan mutant (159
Mg mhos/cm) recorded high EC. 1he differences in LC could be
ascribed to variation in integrity of membrane permeability.
More electrolytes leaked by Pragathi could be due to 1its
larger endosperm with more internal concentrations of sugar
and tree amino acids which might have leached out in
relatively greater proportion than in other genotypes rather
than entirely due to loss of membrane integrity (Abdul-Baki
and Anderson, 1970). It was purely by a passive diffusion
process and not caused by changes in membrane permeability
(Abdul-Baki and Anderson (1972). This illustration is wvalid
for Pragathi and it is also reflected in accelerated ageing
test proving its better quality by maintaining higher
germinability (83.7%) even after ageing. Similarly higher
germination was observed in the seeds of Pragathi B, Mangala

B and V 20B after ageing test. On the contrary, the seeds
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of genotypes IR 54752B, Intan mutant B and Improved Sona B

proved their 1lower seed quality by registering poor
germination after ageing test. The inferior quality 1is a
consequence of seed deterioration i.e., sumnation ot all

physical, physiological and biochemical changes occurring in
the seed which ultimately lead to its death (Delouche, 1973).
Such deterioration is variable among seed kinds, varieties,
seed lots of same variety and among individuals. This
statement of Delouche (1973) also <clearly supports the
variation in germinability after AA among the genotypes
studied. Such vsrietal differences were alsuo observed by
Murugesan et al. (1989), Krishnasamy and Seshu (1Y80). Lower
seed quality of IR 54752B, Intan mutant B and improved sona

genotypes could be attributed to more discolouration and

fungi incidence.

5.1.2 Effect of provenance on seed quality

In the present study, the seed quality 1is found to
differ greatly due to locations. The significant differences
noticed due to locations for test weight are worth discussing
here. Irrespective of genotypes, seed produced at Mandya
recorded higher test weight (22.Y g) closely followed by that
produced at Bangalore (22.7g8), Shimoga (22,.0g) and
Mudigere (21.1g). Higher test weight of Mandya seeds can
be attributed to favoufable conditions provided to mother

crop during its growth, seed development and maturity. The
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presont results are in agreement with (hose o0f  Yougceesha

(1991) who also observed higher test weight in seeds of
Mandya and Bangalore conditions and lower seed weight in
Mudigere seeds. The present findings also support the
reports » of Dighe and Patil (198b) who observed ettect of
environment on seed size, resulting in small seeds wunder
less favourable conditions. Such wvariations among the
locations tor test weight are also reported by Tripathi and

Laxman Singh (1879), DRR (1990) and Kurdikeri (1991).

Similarly, the seed volume and density too followed the
same trend as that of test weight. Seeds produced at Mandya
followed those produced at Bangalore and Shimoga recording
higher wvalues, Mudigere seed recorded low values f{or the
above sced characteristics. The present results are strongly
supported by DRR (1490), wherein different grade size rice
varieties were distinctly different at difterent locatiouns
(Hyderabad, Maruteru, Chinsurah and Mandya). Inferior
quality of seeds produced at Mudigere can be attrituted to
rain damage at seed development and maturity (Hegde et al.,
1983). The variation among the genotypes in that location
might be due to varietal differences in responding to rain

damage.

Germination was higher in seeds produced at Mandya
(97 .0%) followed by that produced at Bangalore (95.8%) -and
Shimoga (93.7%). Higher germinability of seeds produced at

Mandya and Bangalore could be due to the highly favourable,
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disease free environmental conditions under which seeds

developed and matured.

The locations Mandye and bangalore are classified as

dry zones receiving more solar radiation than Shimoga and

Mudigere. Mudigere situated at hilly region receives the
lowest solar radiation 1n addition to having lower
temperature than other locations. Shimoga comes under

transitional =zone receiving lower radiation than Bangalore
and Mandya due to cloudy weather. Hence,it may be concluded
that higher intensity of suvlar radiation, heat sum and
sunshine hours at Mandya and Bangalore could be the causes
for better growth and yield (Yogeesha, 1Y91) resulting in
better quality seed . Such variations for germinability of
seeds produced at different locations are also reported by
Burris (1Y77) in maize, Berezkin and Guida (19Y80) in wheat,
Maeda and Sawazaki (1Y82) as well as Vanagmudi and
Karivaratharaju (1985) in Sorghum and Thiagarajan (1990) in
rice. On the contrary, Umamaheshwar (1983) 1in rice and
Morgapuram (1Y89) 1in maize reported negligible variation

among the locations forseed germination.

With regard to seedling length,significant difterences
were noticed due to locations. ©Seed produced at Mandya
recorded the maximum see@ling length (25.5 cm as compared to
those produced at Bangalore (24.8 cm) and the minimum at
Mudigere (21.8 cm). The differences in seedling length were

due to the favourable environment during crop growth, seed



247

development and maturation at Mandya, Bangalore and less
lavourable environment ot Mudigere. 'The present results are
in agreement with the results of Burris (1Y77) but in
contrast to the statement made by Umamaheshwar (1983) and
Vangamudi and Karivaratharaju (1985) also failed to observe

significant variation in root shoot growth accross the

locations.

Similarly, vigour index of seedlings also followed the
same trend as seedling length. This 1is expected since
vigour index 1is the multiplication of seediing length and
germination per cent. Seeds of genotypes produced at Mandya
recorded the highest vigour index (2479) closely followed by
Bangalore (2395), Shimoga (2240) and the lowest in Mudigere
(2007) which might be attributed to seed discolouration due
to fungi. The maximum seedling vigour index recorded by the
seeds of Mandya and Bangalore could be associated to higher
seedling length, germination, test weight and seed density
{Copeland, 1988). Such variations in seedling vigour over
locations were also reported by Maeda and Sawazaki (1982)
and Vanagmudi and Karivaratharaju 1985). On the contrary,
Kurdikeri (1991) failed to notice significant variation for

vigour index among locations.

Superiority of seedling vigour index of seeds produced
at Mandya reflected in higher speed of germination and field

emergence. This differnces in the above two parameters over
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locations could be mainly due to condition of goud health
and natural robustness in the secds which, upon planting,
permit germination to proceed repidly under a wide range of
field conditions which 1is otherwise detined as seedling
vigour. The present results are in agreement with those of
Kurdikeri (1991) who also observed variation in field

emergence accross the locations.

Superiority of seed quality was again retlected in
significantly lower EC values of sceds produced at Mandya and
Bangalore than those produced at Shimoga and Mudigere. This
suggested the poor membrane integrity of seeds produced at
the latter locations which could be ascribed to unfavourable
environment that prevailed during seed development and
muturation due to precipitation (Promilakumari et al., 1992)

and high humidity (Sessouma, 1987).

Results on accelerated ageing test indicated
signiticant difference due to locations. Mandya followed by
Bangalore produced seeds proved thelr superiority tor seed
quality over the rest of the locations by maintaining
higher germinability. Poor seed quality of seeds produced
from Shimoga might be due to higher incidence of

discolouration which was clear indication of tungal attack.

5.1.3 Effect of season on seed quality
Climatic factors which have a profound influence on

crop productivity and seed quality are the most difficult to
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be manipulated. Seed yield and quality are the overall result

of crop growth, seed development and maturation. Any
favourable or unfavourable condition occurring when the
plant is at certain growth stage may be modified or

compensated for during the subsequent process depending upon
the environmental conditions. The environmental conditions
under which a seed crop matures definitely influences the
viability and vigour. Therefore it is important to study the

prevailing seasonal factors on seed quality.

with regard to seed characters, small difterences were
noticed for test weight. Seed produced during dry season
registered significatly higher density (1.38g/cc) than wet
season seeds (1.34g/cc), 1irrespective of genotype and
production location. The present findings on some of the
seed characters are 1n agreement with the results of
Padmajarao (19Y88) who found high density grains more from
summer crop than from Kharif crop. UOn the contrary,
Palanisamy et al. (1986) recorded higher test weight from
Kharif sown crop in Bhendi. Yogeesha (1991) did not notice
significant difterence between dry and wet season for test

weight in rice.

Some seed quality attributes differed significantly due
to production seasons. In total,seed produced in dry season
exhibited superior quality over that produced during wet

season crop. Seeds from dry season not only recorded
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significantly higher germination (94.9%) but also registered

higher speed of germination (30.3) higher seedling length
(24.1 cm) and lower EC (153u mhos/cm) than wet season seeds.
Better quality of seeds produced during dry season was duc
to favourable climatic conditions the crop could
experience throughout 4its growth, seed development and
maturation. Narasingarao (1987) also reported the superiority
of rice seeds of summer crop than those of Kharif season.
He stated that the total solar radiation, sunshine hours and
difference between maximum and minimum temperatures were
greater in summer than in Kharif. Kamalam Joseph et
al.(1988), 1in their rice experiment also recorded the
influence of specific weather elements such as average
temperature, rainfall, sunshinc hours, wind velocity at
various growth stages on crop growth, yield and quality in
rice. Similar results pertaining to superiority ot dry
spgason seed for germination were also reported by Fernandes
et al. (1980), in rice and Rajarao (1981]) in bajra. But
Sessouma (1987) explained the poor viability of wet season

seeds due to higher humidity at maturity

Interaction effect

In general, the seeds of genotypes G1 and (3 produced
at Mandya and Bangalore during dry season showed higher test
weight, but it was not'so with regard to seed volume. Seeds
of G1 and G3 from wet season produced at Mandya and

Bangalore recorded higher values with respect to seed
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density. All most all genotypes produced at Shimuga and

Mudigere during both the seasons recorded 1interior seed
quality as compared to that produced at Mandya and Bangalore.
Though the interaction between L x G was not signiticant,
numerically higher values were recorded by GbL1l, G1L1l, G1L?Z,
G1L3 and GB6L1. In interaction between genotype and
season,G152 registered higher seed density followed by G6S2,
G151 and G3S2. Thus, seed characters do have specific
influence when a genotype interacts with a particular
environment. Simlarly the interaction between genotype and
location was significant with respect to germination. G1L2
recorded the highest followed by GlL1., Interaction between
genotype and season was significant. G1S1, G252, GuSZ2 and
G852 recorded higher germinability lthan the rest. In
interaction between location and season, seeds produced from
both the seasons at Bangalore and Mandya showed equal
germination but in case of Shimoga and Mudigere locations,
dry season crop recorded superiority over wet season. This
clearly indicates specific influence of production

environment and season on seed quality.

In interaction between gnotype and location for
seedling 1length, G1l, G8 and G5 recorded higher seedling
length and G4 and G7 lower seedling length in all the
locations but they showed varied performance. ’l1he genotypes
G1, GB and G5 produced longer seedlings in both the seasons

indicating the superiority of their genetic potential at
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different environments. Vigour index of the above genotypes
was maximum in Mandya and Bangalore locations and minimum 1in
Mudigere. This superiority can be attributed to more
germinability and seedling length of seeds produced at

favourable weather conditions of dry season.

With regard to speed of germination, the genotypes G1,
G8, G5 and G2 have shown better pertormance in all the four
locations and two seasons proving the superiority of strong
genetic potential. The sceedling vigour has caused for higher
field emergence in G1, G5, G2 and G8 genotypes in all
environments. Such differences in seed quality under wvaried
environments are also reported by Funk et al. (1962),
Banumurthy and Gupta (1981), Kant et al. (1983) and
Dharmalingam (pers. Comm.). The differences in seed quality
due to seasonal variation are also reported by Saini et 1.

(1980) and Fernandes et al. (1980).

Leaching of metabolites 1is one of the important
characteristics for assessing the quality (Ching, 1972;
Pollock and Roos, 1972). The genotypes G1, G5, G2 have also
shown the intact permeability when produced under different
environments. Low quantity of exudates leached out and
measured by electrical conductivity (Bradnok and Mathews,
1470) was shown to be associated with the wvigour and
viability. There is inverse relationship between ‘seed

quality and EC values.
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More quantity of electrolytes leached t rom the

genotypes G3, G4 and G7 produced in all the four locations
thereby indicating poor seed quality {Abdul -Baki and
Anderson, 1972) snd low metabolic activity ot these seeds.
The elctrolyte leached from these genotypes was more
particularly in seeds of Mudigere and Shimoga. This could be
ascribed to unfavourable environment during seed development

and maturity influencing the membrane integrity.

Recently, due to frequent use of 'Accelerated Ageing'
technique (Delouche and Baskin, 1Y73) which simulates the
storage conditions in the tropical and subtropical regions,
more and more investigations turned their attention towards
the mechanism of the ageing process in seeds. In the present
s tudy, the genotypes produced at tour environments and two
seasons significantly varied for their response towards
ageing test proving their superiority or inferiority. The
results of ageing test revealed the superiority of seeds of
G8, G1, G5, G6 and G2 and inferiority of those of G7, G3 and
G4 genotypes from all the four environments indicating
resistance or susceptibility to adverse environment. Though
G8 leached more EC, it showed better germinability and
seedling vigour after AA test indicating that higher EC is
not entirely due to lack of membrane integrity but also due
{0 genotypic ditterence. ., Further it is argued that the number
of seeds for estimation of EC based on weight will be more in

small seeds than in big seeds and as such the surface area

will be more. Higher EC of G8 seeds might be due to more
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number ot secds together with increased surfuace arca (Mullat,

1979), rather than loss of membrane integrity. 1In general,
the genotypes G1, G8, G5, G2 and G6 produced during dry
scason at Mandya and Bangalore followed by Shimoga recorded
better quality as compared to Mudigere which was inferior.

5.2 Seed Storability as Influenced by Genotype, Provenance
and Seed Treatement

The results pertaining to germination, field
emergence, seedling length, wvigour index, electrical
conductivity of seed leachate recorded during storage are
discussed here under.

5.2.1 Behaviour of genotypes during storage

In the present study, seed germination was found to
difter significantly among the genotypes throughout the
storage period. There was a gradual decrease in germination
with the time of storage in all the genotypes irrespective of
production location and seed treatment. The genotypes FPushpa
B (95.7-84.7%), Madhu (95.2-84.2%) Vv20B {({96.0-84.1%), Mangala
B (Y5.5-84.1%) and Pragathi B (44.6-82.9%) maintained the
minimum certification standards for germination even after 19
months of storage, while the rest ot the genotypes
(IR54752B, improved sona B and intanmutant B) could maintain
the standards upto 17 months. This variation in
deterioration among the genotypes is obviously due to the
genetic control to resist deterioration during storage and
initial seed quality. Such differences in storability ‘among

the rice genotypes were also reported by Biswas (1973);
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Agrawal (1977), Gomez et al. (1Y86), Juliano et al. (1940)

and Subhakar (1942).

The seedling length was tound to differ significantly
among the rice genotypes. The reduction inseedling length
was less in the seeds of genotypes V20B (27.0-25.1cm),
Pragathi B (25.3-23.8cm), Pushpa B (25.5-23/2cm), Mangala B
(24.0-22.2) and Madhu B (23.4-22.4cm) as compared to 1R54752
B, 1Improved sona B and Intanmutant B. The present findings-
are 1inagreement with that Deshpande et al.(1991), Kurdikeri
(1991) and Ramegowda . (1992). Another aspect of closely
related to seed deterioration is wvigour. Abdul-Baki and
Anderson (1Y973) assessed vigour by multipiying germination
per cent and seedling length, which they termed as vigour
index. Assessment of vigour index is also relevant since
germination alone may be an incomplete assessment, since the
seedling length is a measure of synthesis, mobilization and

quality. The vigour index generally decreased signiticantly

o)

in all the tested genotypes with the 1increase 1in storage
period (2263 - 1806) but interestingly, the extent ot
reduction varied with the genotype. LEventhough V 20 B (2126)
and Pragathi B (1986) maintained higher vigour index at the
end of storage period, their rate of deterioration was fast
as compared to Madhu and Managala. The above two genotypes
due to their high initial vigour could maintain better vigour
against the rest of"the genotypes under storage study.
Storability of any genotype depends on their initial secd

quality (Gomez et al. 1Y86) &and prestorage history (Delouche,
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1990). The genotypes IR 54752 B, Intan mutant B and Improved

sona B recorded the minimum vigour index as their initial
vigour was low and rate of deterioration was fast due to
susceptibility to storage fungi and insects.

In the present study the genotypes maintaining better
seedling wvigour also recorded higher field emergence. The
seeds of genotypes V 20 B, Pragathi B, Mangala B and Madhu B
performed better by exhibiting higher field emergence. It
clearly indicates the extent of deterioration and
susceptibility of genotypes to infestation and infection.
Several storage experiments on rice seeds with diftferent
cultivars and under different storage conditions also
revealed that the reduction in germination and seedling
vigour was certain. However the rate and extent of reduction
varied with the cultivar, storage conditions and other
tacturs like seed moisture and the status of the sced at the
time ot storage (bharamlingam, 14Y78; Agrawal, 197Y9; Ghose
et al., 1981 Tomar and Singh, 1Y86). They also observed that
the decline in germination was coupled with increased number
of abnormal seedlings and are not capable of surviving to
maturity. Further the surviving seedlings may show poorly

developed roots and /or shoots with necrotic root meristems.

The 1loss of viability and vigour during storage is
attributed to hygroscopic nature of the secds. During
ambient storage conditi;ns. seed moisture content fluctﬁates
with concomitant changes in atmospheric relative humidity and

temperature (loole, 1950 and Saibabu et al., 1983). 1In the
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present study also significant fluctuations in seed moisture
content (9.75-11.91%) were noticed in all the months ot
storage. This wvariation in seed moisture depends on
hygroscopic naturo of particular genotype, temperature and
relative humidity of storage. The genotypes which have
naintained better viability and vigour did not show much
t luctuation in seed moisture content as compared to IR
54752B, Improved Sona B and Intan mutant B, which have
recorded significantly high seed moisture content, similar
fluctuations in seed moisture content and loss in viability
and vigour due to varied relative humidity and temperature
under ambient or artificial storage conditions have been
reported by Jalote and Vaish (1Y976), Nagarajan and
Karivaratharaju (1976), Khanna and Yadav (1979, Tomar and
Singh (1686) and Kurdikeri (199Y1).

As deterioration progrosses during storango, collulnr
membranes lose their selective permeability, permitting the
cytoplasmic metabolites leach into the intercellular spaces.
Membrane degradation occurs due to both hydrolysis of
phospholipids by phospholipase and phospholipid autgoxidation;
therefore, in the strict sence, it might be considered as a
result of ageing rather than a cause (Copeland, 1988).
Berjak and Villiers (1972) opined the membrane damage in
general, as the symptow of mitochandrial damage first to
appear and theretore, it may be considered as most critical
one to play a major role in seed deterioration. 1t is widely

accepted that loss of membrane permeability is one of the
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causes for loss in viability presumably, a loss in membrane
permeability under untavourable conditions ot storage
leading to increased leaching out of seed <constituents and
thus 1loss in viability (Ching and Schoolcratt 1968 and
Sen,1977). The leachate exudates as measured by electrical
conductivity (Bradnok and Muthews,1970) was shown to be
associated with the loss of vigour and viability. Increased
leachate was related to low metabolic activity of seed
(Abdul -Baki and Anderson, 1972). In the present
investigation, irrespective of genotypes, there was a
general increase in EC from 153.8 to 217.1 p mhos/cm at the
end of storage. The genotype V 20B (146.0-202.7 p mhos/cm),
although recorded 1lower EC, it has leached more than
pragathi (165.0 to 208. p mhos/cm) . The other genotypes
which have leaked out lower quantity of exudates were Madhu B
(152.0 - 209.2 M mhos/cm) , Mangala B (147 .0-212 M mhos/cm)
and Pushpa B (148.0-213.5 ) mhos/cm) . EC values are
inversly proportional to quality. 7lhus, the seed viability
and vigour of the above genotypes were superior throughout
the storage period, hence, the statement holds truo. The
genotypes IR 54752 B, Improved sona B and Intan mutant B have
recorded 'higher EC values which has clearly retlected 1in
poor viability and vigour during storage. The above results
are in agreement with the tindings of Abdul-Baki and

Anderson (1972) and Ghose et al. (1Y81).
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5.2.2 Effect of provenance on seed quality during
storage

1t has been stated that the advantages of producing
seed 1in areas especlally suited to seed production are

increased yield and quslity, since the weather conditions

such as temperature, relative humidity, photoperiod, wind
velocity, soil type may vary from location to location
resulting in difterential seed quality. Therefore, the
selection of the best provenance tor secd production

becomes an integral part of production programmes. The
present investigation aims to find out the effect of

production location on storability of eight rice genotypes.

All the seeds produced at Maédya followed by Bangalore
mainatained significantly very high germination, seedling
length, vigour 1index and lower welectrical conductivity.
These quality parameters induced vigorous field emergence
throughout the storage period. lhe superiority ot these two
locations for producing yuality seeds of was attributed to
highly favourable climatic conditions during crop growth,
seed 'development and maturation., High viability, vigour,
storability of seeds produced here were due to their better
seed characters like test weight, seed volume and density.
Such difterences in seed characters due to difterent
environments were also noticed by Austin (1872), Kant et
al.(1983). Superiority of production location for quality
seeds of wvarious crops have been also reported by bu;ris

(1977), Kristan and Skala (1980}, Banumurthy and Gupta
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(1881), Maeda and Sawazaki (1982), kant et al. (1983),
vVanagmudi and karivaratharaju (1Y85), Kovav (1988) and

Thiagarajan (1940).

The seeds produced at Shimoga and Mudigere were of low
quality and hence, could not maintain vigour and viability
and leached more exudates, especially at the later period of
storage. Loss of wvigour and viability from the above
locations was not only atrributed to adverse <climatic
factors during seed development and maturation but also to
more hygroscopic nature of these seeds which have carried
storage pests and pathogens during storage. The present
findings are also in agreement with the findings ot Prakash
and Kuraw (1983) and Subhakar (19Y2). Loss of wvigour and
viability and membrane degradation during seed ageing were
attributed to increased leachate which was related to low
metabolic activity of seed (Abdul-Baki and Anderson, 1972)
decreased activity of alpha amyalase, dehydrogenase and
polyphenol oxidase enzymes and ATpase (Paul et al.,1970),
increased activity of lipase and oxidasec enzyme (Dhaliwal et
al.,1991), freec radical damage (Pammenter et al., 1974) and

chromosome aberrations (Rao et al., 1Y87).

5.2.3 Effect of seed treatment on seed quality during storage
Rice is subjected to the depredation of various fungal
pathogens (Neergard, 1977; Sharma et al., 1990) and storage

pests (Sukprakarn, 1Y85; Uttam et al., 14985; Obauphanor,
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1988) . The loss of viability, vigour and weight have ULeen

reported by Prakash and Kuraw (1883), Girish et al. (197%),

Pawar ¢t ol. (1Y85), and Sharma ot al. (1990). Importanca

-

of seed trecatment against pathogens has also been well
documented by Asokan ¢t al. (198U), Anahosur and Hegde

(1980), Sathyanarayan Rao and Ranganathaiah (1988).

Irrespective of genotypes and location, there was a
gradual drop in germination even in treated seeds and, also a
sharp decline in untreated seeds during the storage period
Thiram treated seeds maintained very good germinability (94.3
- 85.8 %) retaining the seed certification standards (8U.%)

even after 1Y months of storage as against untreated seeds
(94.0 - 78.2%). Treated seeds significantly differed from
the control throughout storage period. ‘lhe gap between these
two in maintaining viability was narrow initially and widened
later (Deshpande, 19Y88). This shows the superiority ot socd
dressing fungicide-Thiram, in protecting the seeds trom
hazards of storage fungi and maintaining the viability
against seed deterioration. Such decline in viability due to
storage fungi was also reported by Neelaksanta (1982) and
harmful eftects of storage pests were also noted by Uttam
et al. (1985), Nigam et al. (1987), Subhakar (1992). The
beneficial eftect of fungicide treatment was also observed
by Sivaprakasam et al. (1976) in Sorghum, Vyas and 'Neme

(1975) and Asoken et al. (1980).
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Reduction in seedling length, another face ot seed
deterioration was more pronounced in untreated seed lot than
in treated seeds throughout the storage period. Treated
sceds maintained its seedling vigour by producing lengthier
seedlings 1in all the months of storage than untreated seeds.
This was in confirmity with the findings of Pawar et al.
(1985) and Gora et al. (1987). Seedling wvigour index of
treated seeds (2257-1938) was significantly higher than
untreated ones (2244-1675) in all the months of storage and

even at the end. This could be attributed to lengthy

seedlings and increased germination in treated seeds.

Treated seeds recorded significantly low moisture
content (9.68 - 11.51%) than the untreated lot (9.82-12.31%)
throughout the storage period. Higher moisture content of
untreated seeds may be the result of /1nteractions between
hygroscopic nature of seed and fungal activity, which 1inturn

lead to development of heat and mouisture.

Higher viability and vigour of treated seeds reflected
in higher field emergence (89.2 ~77.1%) then untreated (88 .8-
72.5%) seeds. Similar ftindings have been reported by Kulik
(1977) and Deshpande (1988), Electrical conductivty of seed
leachate of treated seeds was lower (155.2-1Y9.8 u mhos/cm)
than untreated seeds (157.2-234.4 u mhos/cm) during 19 mopths
of storage period. Increase leakage ot exudates during seed

deterioration might be due to reduced metabolic activity of
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untreated seeds (Agrawal, 1979) which was preceded by 1low
enzymic activity (Kalpana Sur and Basu, 1Y86) decreased ATP
production (Nagashima and Ota, 1986), accumulation of free
radicals (lappel, 1973) and toxic substances like coumarin
and ferulic acid and lead to loss of germinability and vigour

(Agrawal and Kharlukhi, 1985).

Interaction effects

The interaction effects between genotypes and location
were significant throughout the storage period. All the
genotypes produced at Mandya and Bangalore could maintain
viability and vigour more than certification standards
compared to Shimoga and Mudigere, suggesting the superiority
ot Mandya and Bangalore over other locations. Further seeds
of these two locations also registered greater seedling
length, lower seed moisture, lower electrical condctivity
and high field emergence in all the months ot storage. The
genotypes V 20, Madhu, Pushpa, Mangala and Pragathi produced
at Shimoga also maintained germination more than 80 per cent,
but seeds 0of all the genotypes produced at Mudigere ftailed to
prolong the viability beyond 15 months of storage,
suggesting non-suitability of this environment for seed
production. The genotypes Improved sona, IR 54752B and Intan
mutant lost their viability ( 80.0 %) before 17 months.
This loss in viability resulted from increased leachate,
sharp reduction in seedling length <concomitant fluctuation

in seed moisture content and fungi activity.
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Seeds produced in all the luvations when treated with
tungicide «could maintaln germinability and viguur better
than untreated seeds. Among the treated seeds, the ones
produced at Mandya and Bangalore were superior to other
locations in retention of viability . The genotypes V 20,
Madhu, Pragathi, Mangala and Pushpa whon treated, could
maintain higher wvigour and viability indicating the
importance of seed treatment and genetic potential to resist
the deterioration. Increased leachate, sharp reduction in
seedling length, concomitant fluctuation in seed moisture
content of wuntreated seeds resulted in loss of vigour and
viability during storage. This cuuld be ascribed to harmfull
effects of 1insect and fungal activity on wuntreated seeds

during storage.

5.3 Hybrid Seed Production Through Main and Ratoon Crops
5.3.1 Hybrid seed production through main crop

Rice being a strictly selt pollinated crop, natural
outcrossing rate is very poor. Nevertheless, outcrossing in
this <crop is influenced by agromorphological characters ot
parent lines. Further it is also influenced by floral
characters ot both the parents like angle of glume opening
(Shankaramurthy, 1991) duration of glume opening (Parmar et
al., 1979), anther size, anther exsertion and pollen shedding
(HRT, 1981), stigma 'size and exsertion (Virmani et . al.,
1980b), Flowering time and stigma receptivity (Virmani and

Tan, 1982). kEven planting direction and ratio (Shanbhogue
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and Mahadevappa, 1991) influence the seed setting and seed
yield. Further, these traits are controlled by weather and

seasonal variations (Mallaiah, 1Y85).

In the present study, the rice parental lines of some
hybrid combinations showed signiticant difterence for plant
height. Similar genotypic differences were also reported by
Ramachandra (1989). Greater plant height of restorers (male)
noticed in this study is advantage in hybrid seed production

as it facilitates better pollen dispersal.

Present results of taller male parents causing for
heigh seed set also supported by Rutger and Carnhan (1Y81}).
They opined that the tall paternal plant type is desirable
tor wind blown pollen dispersal on semidwart female parents.
According to Virmani and Edwards (14Y84) Chinese researchers
also use the restorer 1lines that are 1U-20 cm taller than

CMS lines.

Due to better synchronization of flowering between
female and male parents of IR 54752 A/ ARC 11353R
comparatively higher seed (10.43%) set was observed on female
which 1lead to higher number of filled spikelets. Higher
seed set was also attributed to better panicle exsertion of
female parent (Virmani et al., 1980a). Cumulative effect of all
these yield attributes resulted in better ¢ hybrid yield

1
of IR 54752A/ARC 11353R (4.Y0 g/plant and 1.4Y t/ha). 1he
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hybrid H2 (IR 54752A/IR 54R) took second place with regards to

secd yield.

Further in hybrid seed production of IR 54752A/IR 46R,
male took four more days to flower as compared to female.
S0 this improper synchrony resulted in lower seed set on

female and lower seed yileld.

Between the two CMS lines selected for study, IR 54752A
recorded higher seed set which is due to its better floral
characters and agronomic traits (Ramachandra, 1989) Higher
Fl seed yield in Hl1 is also attributed to better agronomic

performance of the restorer line ARC 11353R which is taller,

besides, having good floral characters with high pollen load.

intan mutant A in combination with either LR 27315R or
IR 15324R failed to record better performance due to poor
synchrony between parents (Ramachandras, 1498Y). Such
differences 1in performance among the various female parents
with restorers were also noticed by Djeacoumar (1988).

Dharmarajan (1980) and Shanbhogue and Mahadevappa (1Y91).

5.3.2 Hybrid seed production through ratooning of parents
Poor seed set on female parent is a major constraint in
commercialising rice hybrids. Despite adopting supplementary
pollination techniques, the extent of seed set on outcrossing

on sterile lines did not reach desired level. Considering

the existence of exploitable level of hotorosis in rice and
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the inherent problems associated with seed production,
research has been initiated to study the fteasibility of
vegetative propagation to aid in economising seed production.

It 1is revealed that besides cost factor and saving on tresh

sced requirement, the other advantages of vegetative
propagation are : i) reduction in total duration, and 1ii)
minimization of cost ot production. Further, by effective’

roguing in the main crop season, the problem of rogues and
pollen shedders in hybrid seed pruvduction can be totally

eliminated in ratoon production.

To find out the possibility of hybrid seed production
through ratooning of parents, all the two females and
restorers from main crop were cut (harvested) depending on
differences 1in days to 50 per cent flowering, to achieve
synchrony between parents in ratoon crops. In the present
s tudy ratoon growth of all the parents was lower than that of
main crop. Stunted growth and low productive tiller number
in ratoon crop were conspicuous (Shanbhogue, 1988). Further
it was also reported that despite inherent ratoonability, the
growth, vyield and maturity of ratoon crop depends on growth
duration of respective main crop (Plucknett et al., 1978 and
Mahadevappa, 1979), cutting height (Bahar and Dedatta, 1977),
state of maturity at which main crop was cut (Haque.}Q?b).

nodes from which ratoon tiller originated, C:N ratio in the

stubble (lso, 1954).
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In the present study, it was possible to achieve

synchrony 1in all the five hybrids in ratoon crop. However
the ratoon seed ylelds varied among the parents. But in
case of Intant mutant A/IR 27315R (0.42t/ha) oand intan mutant
A/IR 15324R ( 0.41 t/ha), the F; ratoon yields realised were
more than the respective main c;op. This variation could be
attributed to perfect synchrony of flowering in ratoun crop,
despite impaired Panicle exsertion in the parents

{ Shanbhogue, 1988).

Restorers also varied for their growth and yield
performance. Similar varietal differences for yield was also
noticed by Palchamy and Soundrapandian (1988) and
Arumugachamy et al. (1991). Similar attempts to produce
hybrids or multiplication of parents were also made by
Chauhan (1988) and Shanbhogue (1988) and Mahadevappa et al.

(1989).
5.3.2 Quality of seeds harvested from main and ratoon crops

With the understanding of importance of guality seed,
the demand for quality seed is increasing enormously in all
the crops. Recently, rice ratoon cropping has been
successfully utilized in the hilly regions of Karnataka. Here
the ratoon crop comes to harvest in summer season which is
desirable tor quality seed production. Also with the advent
of hybrids 1in rice, there is considerable scope to utilize

ratoons for parental and Fl seed production. Wwheather or not
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ratvoning ability can be utilized for the maintenance ot
parents and multiplication o0f seed is determined by the
quality of the seed it produces. Very meagre research has
been carried out on the aspect of evaluating the seed yuality
of ratoon rice and comparing it with its main crop seeds.
Hence, research on this potentially important subject was
taken up. The very low cost of cultivation ot the ratoon
crop coupled with saving in the time required for production
has lead to the use of ratoon crop seeds in research fields,

though not on commercial scale as yet.

With this background, the results of the laboratory
studies conducted to evaluate the seed quality of both the
main and ratoon crops of F1 hybrid seeds of tive
experimental hybrids are discussed hereunder.

Test weight of all the ¥, hybrids from main crop was

1
more than the respective ratoon crop. Such reports are also
stated by Rao and bamodaran (1972) in Sorghum and Webb et al.
(1975) 1in rice which revealed that the seeds 0of ratoon crop
were less uniform, smaller and lighter than the seeds of
main crop. However, the reason for the contrasting
variation in the test weight seems to be the difterntial
varital response to ratooning. Other reasons which may be

either physiological or biochemical are yet to be

investigated.
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Signitficantly higher mean 10U0-seed volume was recorded
ftrom the main crop seeds (22.10 cc) than their respective
ratoon crop (21.79cc). All the hybrids differed in their
seed volume. Again the genotypic ditterences coupled with

the dependance of seed volume on its test weight are

attributed to these differences. vasudev (1989) also
observed high test weight of main crop seeds against
respective ratoon seeds. He further reported that these

variations might have caused for observed differences in seed
volume. Hybrid seeds produced from main and ratoon crop
varied significantly within and between the methods of
propagation along with interactions for seed density. Except
Intan mutant A/IR 15324R, all the hybrid seeds produced from
main crop recorded higher density than their ratoon seeds.
Since the seed density is a derivative of both the test
weight and volume, the observed variations in secd donsity
are attributed to the variations in these parameters

(Vvasudev, 1989).

Further the results of standard germination test and
speed of germination indicated not only the ditferences among
the hybrids but also the superiority of main crop seeds.
This could be ascribed to variation in seed weight and
density and are in accordence with the findings ot Tseng and
Lin (1962) who noticed delayed germination of rice trom iight
seeds. Vvasudev (1989) also observed poor pertformance of

ratoon seeds and reported that the variations were due to
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high protein content of ratoon seeds, which 1is negatively
correlated with wviability (Khairwsl and ‘lTumner, 1981).
However, The physiological and biochemical means for such
losses in the viability of the ratoon crop seeds are to be

probed into.

In general, the seeds produced from seedliing planted
maincrop recorded significantly longer roots (15.2 cm) and
shoots (11.6 cm). with regard to root length, the hybrids IR
54752A/ARC  11353R (16.2 cm) followed by IR 54752A/IR 46R
(14.2 cm) produced longer roots and Intan mutant A/IR 15324R
(13.2 c¢m) shorter roots, irrespective of the method of
propagation. The hybrid IR 54752A/ARC 11353R and IR
54752A/1R 54R also showed longer shoot length. Present
findings are also inconformity with those of Vasudev (198Y)
who observed differnces in root and shoott length among the

genotypes.

Seeds of the main crop registered significantly longer
root-shoots as compared to ratoon seeds. PFindings of Vasudev
(1989) strongly support the present résults with respect to
superiority of main crop seeds. Amaral and Dos (1979), Cicero
et al. (1Y78) and Vasudev (1Y8Y) also observed very high

root-shoot lengths f rom heavier rice seeds.

Significantly high vigour indices were observed in the
main crop seeds than in respective ratoon crop seeds. The

differences observed in germination per cent and root
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shoot lengths have caused highly significant wvariations
between the main and ratoon crop seeds in all the hybrids.
This result is strongly supported by Nagaraj (1984), who
noticed higher vigour 1index 1in the main c¢crop seeds as

compared to the ratoon crop seeds.

Seedling dry weight of main crop seeds also followed
the same trend as that of vigour index (Nagaraj, 1Y84). A’
significant positive association was recorded between test
weight and seedling dry weight (Takeda, 1972). Higher vigour
indices of main crop seeds were also reflected in higher
field emergence. Superiority of main crop seeds for better

field emergence was also observed by Vasudev (1989).

Seeds harvested {rom seedling planted main crop
exhibited lower EC values than ratoon seeds. The hybrid
sceds also varied botween them for KC values in both the main

and ratoon crops. These results revealed the superiority of
membrane integrity of main c¢crop seeds and varietal
differences for membrane permeability. These results are
in agreement with the work of Vasudev (1Y89). However, why
such differences exlilst among the varieties between main and
ratoon crop seeds are still to be wunderstood through

biochemical snd physiological investigations.
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5.4 Vegetative Propagation through Tiller and Stubble
Planting

5.4.1 Evaluation of some male sterile 1lines, maintainer,
restorer lines, hybrids and varieties for vegetative
propagation through tiller separation

‘The results obtained trom the experiment involving
promising male sterile lines and respective maintainers,
restorers, F hybrids and varieties planted as seedling

1
planted main crop and vegetatively propagated tiller crop are

discussed herein.

The rice plant undergoes two distinct phases of growth
and development before it completes its 1life cycle. The
first is tne vegetative phase and the second is the
reproductive phase. Normally, a tiller bud is borne in the
axil of each leaf which may or may not develop into a {full
tiller presumably depending on the environmental conditions
prevailing at the time of its formation. Profused tillering
during the early phase of vegetative gtowth with perennating
habit offers a great scope for tiller separation and
planting them to exploit the vigour. Richharia (1960) and
Richharia et al. (1964) have indicated the scope for
extending this technique wunder normal cultural and
environmental conditions. They also suggested that
vegetative propagation would probably acts as a trigger
mechanism  in activatiqg the dormant buds theroby 1ncrquslng

the scope of vegetative multiplication of individual tillers.
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Recovery of number of tillers (Planting material)
varied significantly among sterile lines, maintainers,
restorers, hybrids and varieties. Hybrids and varieties
produced more number of fresh tillers than other parental
lines which may be attributed to genotypic sftect. . Among
the male sterile lines, Pragathi n, 1R bd4752A and ES 18A;
among maintainer lines, Madhu B, Pragathi B and Pushpa B
recorded more number of tillers. IR 46R, IR 54R and IR .
15324R among the restorers; 1R 54752A/ARC 11353R, IR
54752A/1IR 27315 R and IR 54752A/IR 46R among the hybrids and
Jaya among the varleties recorded more tillers as planting
material. Such genotypic variation for recovery of tillers
was also observed by Richharia et al. (1964), Sateesha Babu

(1Y86) and Sharme et al. (1887).

In general maintainer lines exhibited lower percentage
of field establishment as compared to male sterile lines.
Restorers, hybrids and varieties established better than
sterile lines. There was considerable genotypic wvariation
among different parent lines, hybrids and varieties for field

establishment.

with regard to growth, plant height diftered
significantly among the genotypes under study. Plant height
did not differ significantly due to method of propagation
except in case of hybrids and varieties. The present results
are in conformity with Richharia et al. (1Y64) who ovbserved

increase in plant height of some vegetatively propagated
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genotypes. Contrary to this they also observed indifferent

responso ol somo genotypes to this techniquo vl propagotion
Genotypic variation in respect of plant height 1is also

reported by Sateesha Babu (1Y984), and Sharma et al. (1987).

Number of productive tillers diftered signiticantly

among the genotypes studied. Similar genotypic variation for
productive tillers was also noticed by Richharia et
al.(1964). Productive tillers did not differ significantly

due to method of propagation except in case of hybrids and
varieties. Present results are partially in accordance with
Richharia et al. (1964) who observed comparatively low number
of eftective tillers in vegetatively propagated tiller crop.
Interaction effect revealed that some of the genotypes did

not respond positively towards vegetative propagation tor

this character (Sateesha Babu, 1986; Sharma et al. 1987).

There were a considerable genotypic differences for
panicle 1length. Except hybrids and varieties, parental
lines (A, B and R) did not differ significantly for mean
panicle length due to method of propagation. Vegetatively
propagated hybrids and varieties recorded significently more
panicle length than seedling planted crop. Similar results
were also explained by Richharia et al. (1964). Interaction
between genotype and method of propagation revealed that
only some of the genotypes could respond to tiller sepa;ation
and planting (Richharia et al., 1Y964). This could be

ascribed to both genetic and environmental interaction.
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Restorers, hybrids and varieties recorded more number
ot spikelets and filled spikelets as compared to other
parental lines (Vidyachandra, Pers Com.). All the genotypes
also varied significantly among themselves tor total and
filled spikelets. Mean number of spikelets and filled
splkolets  In vegotatively propagoted tilier crop did not
differ significantly as compared to seedling planted main
crop. Some of the vegetatively propagated genotypes (1R
54752B and Intan mutant B; IR 46, ARC 11353R and IR 15324R;
Intan mutant A / ARC 11353R, IR 54752A / ARC 11353R; Jaya and
CTH 1) recorded more number of filled spikelets as that of
their respective main crop. Similar differential response
for this technique of tiller separation in many genotypes

was also noticed by Richharia et al. (1904),

Significant yield difterences noticed among the
parental lines, hybrids and varieties may be attributed to
genotypic differences. Yield did not diftfer signiticantly

due to method of propagation except in case o0f maintainer

lines. Besides significant differences, marginal increase
in test weight observed in some o0f the vegetatively
propagated tiller crop might have contributed towards

marginal increase in yields of the same genotypes. The
present findings with respect to test weight and yield are
in accordance with Kiccharia et al. (1964) and Padmdja Rao

(1990).
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5.4.2 Field performance of tiller crop as influenced by age
of tiller

lo understand the potentiality of some of the
genotypes for tiller propagation it is important to know
aboult recovery ot number vt tillers by a single mother
plant. This 1is more relavent when there 1s scarcity ot
parental material during seed production as well as planting

hybrids tor commercial cultivation.

Experimental results have revealed that delay in tiller
separation can yield more number of tillers for further
planting. 1iller separation at bU days atter sowing
resulted in low recovery (9.9) ot treshh tillers as compared
to tiller separation at 70 days after sowing which recorded

15.5 tillers per mother plant.

Varieties also differed in their capacity to produce
tillers. In the present study. 1he recovery of tillers was
also influenced by duration of mother c}op. Short duration
varieties like kS 18 (11.26) and V 20 (10.5) produced
comparatively less number of tillers. Similar variation in
tiller number was also reported by Ramachsndra (1989).
Tillers separated from mother plant at early stage (T1) put
up better growth 1like fresh seedling planted crop, while
tillers separated at later stages (T2) exhibited stunted
growth with low number o{ tillers.

Luxurient growth of vegetatively propagated (11)
tiller crop recorded better yield components like more

number of productive tillers, more panicle 1length, filled
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spikelets per plant (Richharia, 1Y61), higher 1000-grain
weight (Padmaja Rao, 1Y90) which resulted in higher yield
(7.48/ha) as compared to seedling planted crop (6.83 t/ha).
This may be attributed to better photosynthetic efticiency
and propagated crop (T1), as also reported by Richharia et
al. (1lY64). Jagannathan and Banerjee (1Y82) also observed the
potentiality of tiller planted crop for high tillering within .

a very short period.

Poor performance of tillers separated at later stages
(12) could be ascribed to its stunted growth and low number
of productive tillers. They could not establish properly
behaving 1like aged seedlings with wuneven flowering and
maturity. Further, the planting material consisted of
primary, secondary and tertiary tillers that adding to
variation in flowering. It is well documented that
performance of primary and secondary tillers was similar
while compared to tertiary tillers (Sateesha Babu, 1986).
Among the eight entries under study the hybrid IR 54752A/ARC
11353 performed better (7.68 t/ha) tollowed in order by ARC
11353 a restorer line ( 7.12 t/ha), Madhu WA /IR 15324 (7.05
t/ha). Similar wvarietal variation with respect to tield
performance in vegetatively propageed crop was also noted by
Richharia et al. (1964) and Sateesha Babu (1Y8b) .
Interaction effects showed that tiller separation at 5U‘days
atter sowing exhibited better field performance as that of

seedling planted crop.
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With regard to maturity, tiller planted crop attained
maturity as early as seedling planted crop in all genotypes.
Similar tinding was reported by Richharia et al. (1964). The
superiority of vegetative propagation through tiller crop was
also reported by Jagannathan and Hanorjoe (1982), Satcosha
Babu (1986}, Padmaja Rao (19Y90) and NSC (1990). Only one

contradictory report is by Sharma et al. (1Y87).

5.4.3 Quality of seeds from different tiller types

Seed to seed variation in germination and vigour are
often encountered during quality evaluation. Among the
various factors responsible for heterogenity of a seed
sample, 1its position on plant (Ovcharov et al., 1478), type
cf tiller (Selvaraj and Subramanian, 1489) and rachi within
the panicle ot rice crop (krishnasamy and Kempuchetty,
198Y) play an important role. ‘l1lhe results obtained f{rom
evaluation ot seed quelity of seeds ubtained 1rum varlious

tiller types have been discussed herein.

Test weight diftered significantly among the genotypes.
ARC 11353 recorded the higher seed weight than IR 46. Test
weight also varied significantly among difierent tiller types
(T1T to T10), early tormed first 10 tillers registering the
maximum test weight. Linear decline in test weight was
noticed for the seeds developed on subsequent tillers.
Superiority ot seeds obtained from early formed primary and

secondary tillers was also reported by Sateesha Babu (1986),

Padmaja Rao (1Y88) and selvaraj and Subramanian (1Y8Y) for

test weight.
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S5eeds obtained from early flowered first tour tillers
(11-T4) registered higher germinability and vigour index.
these results are in agreement with those of Petrov et al.
(1Y81), Sateesha Babu (1Y84), Merwade et al. (198Y) and
Selvaraj and Subramanian (1Y8Y9) who noticed increased

germinability and vigour of seeds developed {rom elther

primary or secondary tillers over subsidary tillers.

Even as per ageing test, the seeds developed on the
first 4 tillers registered higher germinability and vigour
and diftered significantly from the seeds produced on
subsequently flowered tillers (T5 to T10). This is
suggestive of good storability of early formed seeds on
primary or secondary tillers. Present results are in
agreement with those of Selvaraj and Subramanian (1Y89).
Souod vigour and storability are also intluenced by  sood
position on rachi within the panicle in rice (Krishnasamy and
Kempuchetty, 198Y).

5.4.4 Seed production through stubble cropped parents and
field performance of stubble planted hybrids

One way of minimising the cost of hybrid seed
production is substitution of vegetative propagation for seed
wherever possible. This would reduce dependence on seed cum
time. One other adventage in vegetative propagation is that
only confirmed 'true to type' plants can be allowed to grow,
there by eliminating the rogues. ‘lhe use ot vegetative

propagation either in seed production or for commercial
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production of rice 1is primarily intluenced by the
genotype. Only genotypes with ability for regeneration and
resistance to virus diseases and ability for production of
uniform tillers can be used for adopting this practice. Ot
the difterent vegetative propagation methods, stubble
planting appears to be relatively more promising, because the
yields recorded by stubble plant crops are close to the main
crop yields (9-11 t/ha) and always above ratoon crop yields '
{(Mahadevappa et al., 198Y). The results obtained on

stubble planting of A/B lines &nd evaluation of field

performance of stubble planted hybrids and varieties are

discussed hereunder.

5.4.4.1 Parental seed production through stubble planting

In this study all the four CMS5 lines recorded higher
number of regenerating tillers per mother plant as compared
to respective 'B' lines. This can be attributed to higher
amount of carbohydrates left in the stubble and roots after
main crop harvest. Because, the cytosterile lines have not
utilized all 1its resources during reproductive stage of
mother plant due to poor seed set on it, unlike in their
counter parts (B). Such genotypic differences for
regenerating tillers were also reported by Volkova and

Smetanin (1971).

Field establishmeht of stubbles is mainly dependent on
their survival <capacity and genetic wvigour (Yogeesha and

Mahadevappa, 1987). Intan mutant A followed by V 20A and



282
IR 54752A showed better field establishment as compared to ES

18A. Ingeneral cytosterile 1lines showed better tield
establishment than their counter parts. ‘lhese results are
in agreement with those of Yogeesha and Mahadevappa (1987)
who also observed similar trend in their study with

multiplication of four CMS lines through stubbles.

As regard to growth, the cytosterile 1lines recorded
lower plant height and more number of total tillers per plant
than their counterparts (Sharma et al. 1987). These
difterences appear to be genetic hence, 1is advantageous in
seed production. Higher plant height of 'B' lines helps in
better pollen dispersal on 'A' lines during anthesis and 1is
an advantage during supplementary pollination too (Rutger
and Carnhan, 1981; Virmani and Ldwards, 1983) . turther,
potentiality for high tillering within a very short period
in vegetatively propagated rice was also noticed by

Jagannathan and Banerjee (1Y82).

Seed vyield per plant differed significantly among the
cytosterile 1lines, as synchronization of flowering between
parental lines plays a major role (Djeacoumar, 1988;
Ramachandra, 1989; Dharmarajan, 1990; Shanbhougue and
Mahadevappa, 1Y91) and better floral traits ot A line
(Virmani and Tan, 1982; Ramachandra, 1989Y; Shankaramurthy,
1Y91) and anther size, exsertion and pollen shedding of male
parent (HRL1, 1981). Comparatively higher yield ot IR 54752A

(5.8g) could be ascribed to favourable floral traits of both
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the parents resulted in higher seed set (not given in table)
inspite of comparatively low number of productive tillers.
But yield per hectare of IR 54752A was slightly lower than
Intan mutant A which was due to better tield establishment
of Intan parents and more number of productive tillers.
LLower secd yield realised on ES 18A could be attributed to
uneven flowering of parents (Mahadevappa et al., 1986) lack
of synchrony (Ramachandra, 198Y) resulting in low seed set on
A line (Azzini and Rutger, 1Y82) and this was also coupled
with poor field establishment of A/B parents (57.1 and 56.2
% respectively). Similar attempts to produce hybrid seeds in
rice through stubble planting were also made by Patil (1983)
Yogeesha and Mahadevappa (1Y87), Shanbhogue (1Y88) and UAS
(198Y) and results of all are in agreement.
5.4.4.2 Field performance of hybrids and varieties as

stubble crop

As presented under results stubble planted crops of
some hybrids and varieties were evaluated for their field
performance. The main objective of this experiment was to
reduce the pressure on the requirement of fresh hybrid and
save on the cost of F, hybrid seeds wherever possible
(Mahadevappa et al., 19849). The stubbles of the main crop
form sources for planting material for planting the next crop
of rice it the genotypes or hybrids have the gepetic

potential to respond to this practice (NSC, 1940).
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In the present study, the number of regenerating
tillers obtained per mother plant ranged trom 8.3 to 15.0 1in
F, hybrids and 9.7 to 11.5 in varieties. Madhu WA/ 1R 46R
recorded the highest regrowth (15.0) followed by IR
54752A/ARC  11353R (11.2). 7The genotypic difterences and
superiority of F1 hybrids over varieties regenerating more
number of tillers after ratooning was also reported by
Mahadevappa t al. (1989). They recorded a multiplication'

ratio of 1:15 in some promising hybrids.

Genotypic variation in field establishment among the
hybrids and varieties has been reported by Yogeesha and
Mahadevappa (1987). 1In the present study, Madhu WwA/IR 46bR
and IR 54752A/ARC 11353R recorded the max imum field
establishment among the hybrids, while ARC 11353 (84.8%) and
IR 20 (83.8%) showed the highest establishiment among the
varieties. VPoor establishment of V 20A/1R 36k and Rasi were
also noted. These differences were mainly attributed to
genetic potential. It may be mentioned here that Das and
Ahmed (1Y8Y) observed similar performance ot rice seedling
with 50 per cent damaged and undamaged roots. Hence, root

damage may not be a reason for poor performance.

Hybrids put up better growth in terms of plant height,
total tillers and yield as compared to varieties (Mahadevappa
et al., 198Y). In.general stubble crop of ¥, hybrids

recorded higher yield against varieties. This could be
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ascribed to better field establishment, crop growth and more
number of productive tillers per plant in hybrids. However,
the grain yield was low as compared to main crop grain yield,
which may be due to shorter panicles (Richharia, 1961) and
uneven maturity (Mahadevappa et al. 1989). 1The panicles that
matured early were damaged by birds and were subjected to
shattering 1loss causing for significant yield reduction.
Among the hybrids stubble crop of IR 54752A/ARC 11353R
registered the highest grain yield (6.28 t/ha) followed by
Madhu WA/ IR 46 R (4.94 t/ha), while ARC 11353R (3.85 t/ha)
among varieties, indicated the genetic potential and hybrid
vigour for further commercial exploitation of these lines for
vegetative propagation. Similar results were also reported
by NSC (1990) in the study of propagation of three
experimental hybrids through stubble planting. Mahadevappa
et al. (lY8Y) and Radhakrishna (199Z2) also got oncouraging
results in vegetative propagation of hybrid rice through
stubble planting.
5.4.4.3 Performance of stubble crop as influenced by

harvesting time of main crop
In the present study, 3 varieties viz., ARC 11353R
(good ratooner), Pushpa (poor ratooner) and IR 54752 A/
ARC 11353 R (hybrid) were harvested at their physiological
maturity, one week aftqr physiological maturity, two weeks
after phyciological maturity and allowed to regenerate. The

regenerated tillers were planted and evaluated for field
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performance. The results pertaining to this experiment are

discussed hereunder.

Stage of main crop harvest affects ratoonability
(Haque, 1975). Among the three harvesting stages in the
present study, cutting the crop at physiological maturity
proved to be the best to get higher percentage of
ratoonability (84.1%). Delayed harvesting registered least
number of regenerated hills per plot (72.8%). 7This clearly
indicated the importance of time of cutting the mother crop
for further vegetative propagation. The present findings are
in agreement with those of Parago (1963) and Grist (1965) who
suggested to harvest the main crop when they are still green
to get good ratoon. If harvesting is delayed, the culms of
the growing ratoon tillers were damaged because they
elongated within the old leaf sheaths (Szokolay, 1956).
However, regenerated tillers per unit area did not vary
significantly due to different cuttling time (Reddy et al.,

1979).

Height of the stubble crop was not affected by
harvesting time. But, the stubble crop obtained by <cutting
main crop at physiological maturity recorded signiticantly
higher number of productive tillers, panicle length, 1000~
grain weight and grain yield than late cuttings.
Harvesting two weeks after maturity caused reduction in all

parameter except in plant height. Rice ratooning depends on
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the ability of dormant buds on the stubble of first crop
that rcemain viable (Nair and Sahadevan, 19061). ‘lhus, it is
important to harvest at physiological maturity. Harvesting
the crop at its senescence may result in poor ratocnability
resulting in reduction ot C:N ratio in their stubbles. The
dclcine in growth and yield performance ot crop harvested 10
to 20 days later than its maturity has also been reported by

Ichii and Kuwada (1981).

Stubble planted varieties differed significantly in
their growth and yield, IR 54752A/ARC 11353R performing the
best, but Pushpa was inferior to all others. The hybrid and
ARC 11353 R have comparable genctic potential for
ratoonability, while Pushpa proving itself as a pouor
ratooner. The hybrid IR 54752A/ARC 11353R recorded higher
number of productive tillers, longer panicles, more number
of filled spikelets and higher grain yield per plant. ‘Thus
better field establishment coupled with yield attributing
characters have resulted in higher grain yield. Crop of ARC
11353R also performed well comparatively. It is clear that
ARC 11353 can be commercially exploited for vegetative
propagation. Superiority of the hybrid IR 54752A/ARC 11353R
and the variety ARC 11353 and inferiority of Pushpa as a
stubble crop could be ascribed to their genetic potential and
hybrid vigour. Plucknétt t al. (19Y78) also stated ‘that

ratoonability is a 1inherent genetic factuor aftecting its
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pertormance, further it depends on thickness of culms
(Cuevas-Perez, 1980). Thick culms may store more
carbohydrates than thin culms (Pushpa), and probably would
be reflected in ratoon potential and yield. Similar varietal
differences with respect to ratoonability and performance
have been reported by Volkova and Smetanin (1971).
Superiority of hybrid over pure lines as stubble crop has.
also been reported by Mahadevappa et al. (1989) and

Radhakriahna (1942).

Interaction effects between harvesting time of main
crop and variety revealed that the stubble crop obtained from
harvesting the main crop at physiological maturity put up
luxurious growth and recorded more yield especially in H1V3
and Hivl. This was followed by harvesting the crop one week
late. Stubble crop from much delayed main crop harvest
exhibited poor growth and yield. Thus the investigation has
clearly indlcated adverse eftects of delayed harvesting of
main crop.
5.4.4.4 Field performance of stubble crop as influenced by

root dipping 1in chemicals

Poor field establishment ot vegetatively propagated
stubble crop needs greater attention. It depends both on
genotype and agronomic practices. Root dipping in
insecticides and nutrients helps the stubbles for quick' and
better establishment preventing early infection. An eftort

was made in this investgation to improve the field
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performance of stubble crop of hybrid IR 54752 A / IR 46 by

root dipping.

As brought out under results root dipping in Rogar +
DAP showed improvement in field establishment (94.2%).
Better vegetative growth 1in this treatment resulted in
increased principal yield components viz., productive
tillers and filled spikelet percentage wultimately causing
enhancement in grain yield (7.50 t/ha), i.e., accounting for
1.75 t more grain yield than the control. This is attributed
to the beneficial effect of Rugar + DAP. Rogar might have
helped in early establishment of stubble by protecting the
root zone and warding off hazards 1in rhizosphere. The
present results confirm the findings of Balasubrarmanium
and Palanisamy (1983) who got better pertormance with
carbofuran (0.2%) as a root dip chemical against root
nematodes in wet land rice and Prabhakarrao et al. (1988) who
observed the beneficial effects of Diammonium phosphate
nutrient. It may be mentioned here tpat the above authors
reported higher uptake of nitrogen, phosphorus and potesh

with this treatment.

Root dipping in Emissan + Rogar and Emissan + Rogar +
DAP were next effective treatments. It was observed that the
chemical combination was better than using the any one of
them singly (T1 to 7T3). Similar findings with bther

nutrients have been reported by zia et al. (1987).
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5.5 Effect of Planting Ratio, Synchronization of Flowering
and Foliar Spray of Chemicals on Seed Set, Seed Yield
and Quality

5.5.1 Effect of planting ratio on seed set and yield
Among the eight planting ratios studied in the parental

seed production of IR 62829A/B, seed set was high in 2:4,

followed by 1:2, 2:6 and 1:3 than 1:4, 1:5 and 2:10. The

increased seed set rate at narrow male to female ratio -

(Satatoc and Sukamandi, 198Y9) may be attributed to the

abundant availability of pollen and relatively shorter

distance the pollens have to travel thereby enhancing
chances of fertilization and seed setting. Kumar and Sharma

(1984) also observed lower seed setting with increased

distance from CMS line. However, the results on IR 62829A

are contrary to the findings of Carnahan et al. (1Y72) and

Patil (1983) where they recorded higher seed set in 1:5

ratio. Azzini and Rutger (1982) obtained an average

outcrossing percentage of 32.5 on 'Bir-Co' cytoplasmic male
sterile 1line by planting them 1in alternate rows with
pollinators. These results are also different from the
findings of Sahai et al. (1987) where they found the best

planting combination to be 1:6 ratio.

Like outcrossing rate, 'per plant seed yield' was also
high in narrow planting ratios viz., 1:2 (5.6 g) tollowed by

2:4 (5.2g) and 2:6 (5.0 g) but it is important +to note that

yield per hectare did not follow the above trend. The
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optimum planting ratio 2:6 recorded 1.57 t/ha followed by
tollowed by 1:3 (1.50 t/ha) as compared to low vyield ot
narrow ratio like 1:2 (1.37 t/ha) and wider ratio 1:5 (1.02
t/ha). ‘The planting ratios 1:3 and 2:6 recorded higher seed
yield which could be ascribed to optimum plant population of
temale along with moderately high seed set. Inspite of their
high seed set, the narrow ratios failed to register high
seed yield because of less number of females per unit area.
In wider ratios 1like 2:10 and 1:5, too low seed vyield 1is
due to poor seed set. This low seed set could be due to lack

of pollen dispersal up to farther placed plants.

In the same season, in the seed production of IR
62829A/ 1IR9761-19-1 R, 2:6 recorded the highest seed yield
(0.80 t/ha) followed by 1:3 (0.76 t/ha). These results are
in agreement with the findings o0f Djeacoumar (1v88),
Ramachandra (1989) and Shanbhogue and Mahadevappa (1991) who
have observed higher seed yield in 2:6 ratio. It is evident
from both the parental and hybrid seed production revealed
that the optimum planting ratio 2:6 or 1:3 .

5.5.2 Seed Yield as Influenced by Sychronization of
Flowering of Parents

Importance of synchronization of flowering of parents
in parental seed multiplication (A/B) and Ei seed
production (A/R) 1in Tice needs no emphasis. It cah be

accomplished by staggered sowing of male parent where the

differences in flowering between the two parents is more than



292

3 - 4 days. Since the standardization of synchrony is a
basic need for further seed production technology, an attempt
was made to determine optimum planting synchrony in seed
multiplication of IR 6282YA/B and F; seed production of IR

62829A/ IR 9761-19-1R.

The results revealed that optimum synchrony can be
achieved by delayed sowing of 'B' line, 4 days after female
sowing in IR 62829 A/B production. By this, we can
synchronise 50 per cent flowering of beth the parents,. Male
takes 99 days, while female takes 103 days to reach 50 per
cent flowering. Earliness of maintainer in {lowering as
compared to their respective 'A' line was also observed by

Meghachandra Singh (1986b).

Besides, the perfect synchrony, there is also a need
for continuous supply of pollens to obtein high secd s8et and
yield (Liu et al., 1984). In the present study, treatment
involving staggered sowing of 'B' line, i.e., 4 and 8 days
after sowing of female recorded higher seed set (18.71%)
and seed yield ( 1.4Y t/ha) than the rest of the treatments.
Due to better synchrony between parents in hybrid seed
production, higher seed set and yield were also obtained by
Virmani et al. {(1980a), Azzini and Rutger (1982),

Meghachandra Singh (1986) and Rangaswamy and Sreerangasa.my

(1988).
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In the same season were made to achieve synchronization
in hybrid seed production of IR L2B29A/1IR Y761-1Y-1R . The
results revealed that male is earlier (Y6 days) to temale
(105 days) tor days to 50 per cent flowering and hence,
sowing of male, 9 days after female sowing resulted in better
synchrony. Still higher seed yield (1.86 t/ha) was obtained
by late sowing of male seeds, Y and 13 dsys after female.
Increase in yield was not only attributed to synchronization
but also due to continuous supply of pollens by second set of
sowing. Better outcrossing resulted in more number of filled

spikelets and productive tillers per plant in this treatment.

5.5.3 Effect of follar spray on seed set and yield

The growth regulator GAB' extensively used 1in hybrid
rice seed production for better panicle exsertion of CMS
lines 1is a costly input. Hence, a search was made to
findout suitable substitutes. The etftectiveness ot cheaper
chemicals like urea, boric acid, potasium nitrate (KNO } in
increasing outcrossing and yield in sorghum, pearlmillzt and

rice have been well documented by the earlier researchers

(Joshi, 1976; Sureshnath, 1981; Prasad et al., 1988).

In the present study the increased height of both the
parents due to GA3 was observed as compared to other
chemicals and control. Similar reports have been also

published by Kalina (1963), Vasundhara (1Y87) and Prasad et

al. (1488). GA3 also enhanced panicle exsertion more
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visibly, followed 1in order by urea and boric acid.
Similar 1increased panicle exsertion by bA3 spray was also

observed by Dharmarajan (1990).

1The treatment involving spraying ot GAy recorded
maximum seed yield of 0.45 t/ha accounting for 72.2 per cent
increase over the control but it was on par with 1.0 per cent
boric acid (0.40 t/ha). The 1increased seed yield with GA3'
spraying could be due to more panicle exsertion, more number
of filled spikelets and higher per plant yield over other
treatments. Apart from increasing panicle exsertion, GA3 is
also known to influence favourabley the glume characters like
angle and duration of glume opening (Dharmarajan, 1Y90)., 1t
also helped to induce synchronized flowering between primary
and secondary tillers (prasad et al., 1988). GA, in its
eftect was tollowed by boric acid (1.0%) spray which
accounted for 55.6 per cent more yield than the control and

just 9.7 per cent lower yield as compared to GA3 treatment.

Ef fectiveness of GA, in increasing outcrossing and seed
yield in hybrid rice prodﬁction have been well documented by
Lin and Yuan (1980), Sahai et al. (1988) and Duan and Ma
(1992). On the contrary, Vasundhara (1Y87) reported that

application of 60 ppm GAd was not effective.

Superiority of boric acid in increasing outcrossing and
seced yield could be ascribed to increase in availability ot

viable pollen to the receptive stigma for a longer period
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(Joshi, 1976), increased pollen tube growth (Sureshnath,
1981) and fertilizing capacity (Garg et al., 1980) .
Sureshnath (1981) also observed increased outcrossing due to
boron spray in hybrid sorghum seed production (CSH 5).
Donaire (1991) also reported the importance of boron in

maintaining an acid pH during pollen germination.

Foliar spray of 2 per cent urea bagged third position

followed by KNO The effectiveness of urea spray in seed

30
production was aiso reported by Joshi (1976) in sorghum and
Prasad et al. (1988) in rice. On the whole, boric acid
(1.5%) or urea (2.0 %) sprayed at booting stage was not as

effective as GA3. Neither urea nor boric acid increased the

plant height of CMS line during this study.

5.5.4 Seed quality as influenced by foliar chemical spray
Initial germination as influenced by application of
GA3, urea, boric acid and KNO3 did not differ significantly.
Hoﬁuver. GA3 recorded numericailly higher germination followed
by 0.5 per cent boric acid. Increased germination percentge
of seeds sprayed with these chemicals may be attributed also
to its growth regulator eftect and also higher seed weight

(lTakeda, 1972) as compared to control.

Field emergence percentage followed the same trend as
that ot germination , but the values were lower. Though

root length did not difter significantly, shoot length was
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highest and similar in both GA3 treatment and U.5 per cent
boric acid. HHigher root snoot length coupled with
germination increased vigour index and dry matter of
seedlings in the treatments of boric acid 0.5 per cent

tollowed by GA However, other tretments like KNO, and ureca

3° 3
recorded higher values for all the seed quality attributes as
compared to the control. Similar beneficial etfects of

growth regulator and other chemicals are also documented by

suresh nath (1981).

One interesting point that emerged from Accelerated
ageing test was that seed obtained ftrom bA3 treatment
recorded lower germinability (83.0%) and was almost equal to
treatment of boric acid (1.00%) followed by KNUd (0.5%) and
KNOd (1.0%) . Like-wise results also revealed the adverse
etfect of high concentration of boric acid 1indicating poor
storability of these seeds. Similar deleterious effect of

GA3 on germination after AA test has been reported by Duan

ana Ma (1992).

Practical Application of Results
The following practical applications are indicated

based on the results obtained in the present studies:

1. Mandya and Bangalore should be preferred locations for
rice seed production since the seeds produced here possessed

better seed quality as well as storability.
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2. Seed production during dry season should be preferred to

wet season in all locations.

3. Seeds of rice genotypes V 20 B, Madhu B, Pushpa B,
Mangala B and Pragathi b are better storers and can be stored
more than 19 months without loss of viability as per minimum

level of seed certification standard.

4. Seed treatment with Thiram at 2 g/kg of seed can be

practised for better storage.

5. There 1is a possibility of production of F hybrids
1

through ratooning of parents, provided both cytusterile and

restorer lines have better ratoonability, and technology

needs to be developed through extensive field trails.

6. Synchrony of flowering of the parents can be
accomplished in the ratoon crop, cutting the main crop at
appropriate time based vn the main differences in days to 50

per cent flowering.

7. Potential hybrids, CMS lines, maintainers and
restorers cen respond better to vsegetativo propoagation

through tiller separation.



298

8. Tiller separation at 5U0th day af ter sowing may
be followed to obtain opimum number ot fresh planting

material and better tield pertormance ot tiller crop.

9. Seeds obtained from early developed tillers are

preferable for better seed quality.

10. In case of scarcity, parent seeds (A/B) can be

multiplied through stubble planting.

11. Wwhen there is a derth of hybrid. Seeds, stubbles trom
previous season (of proven hybrid) can be wisely utilized to
cover more area under commercial cultivation since the
multiplication ratio is more than 1:10, and stubble

management needs to be standardized.

12, Harvesting the main crop at physiolougical maturity can
yield more number of ratoon tillers for further vegetative

propagation as stubble crop uond improve ftiecld establishment.

13. Root dipping of stubbles in Rogar+DAP can be practised

for better field establishment and performance.

i

14, In IR 62824 A/B seed production, staggered secding of
‘B! line, 4 and 8 days after sowing ot A can be practices

for better sychronization, higher seed set and seced yield.
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15. FFor hybrid seed production of 1R62829 A/IR 9761- 19-1R,

staggered sowing of male parent on the Yth and 13th day

slter sowing 'A'jycan produce maximun hybrid sced yield.

16. Planting ratio of 2:6 or 1:3 (male to female) can be
adopted for both the parental (IR 62829 A/B) and hybrid (IR
62829 A/IR Y761-19-1R) seed production to get better sced set

and yield.

17. VFPouliar chemical spray of boric acid (1.0%) and urea
(2.0%) during boot leaf stage and two per cent flowering can be

practiced in hybrid rice seed production.

FUTURE LINE OF WORK

1. The studies on provenance are to be continued and
suitable areas are to be identified for seed production
of parents and hybrids.

2. Further, there is a need to continue storage studies on
various A,B,R and F1 hybrids from difterent production
environments covering longer period.

3. Effect of season and some more seed treatment with
chemicals on storability of parents and F1 hybrids
under ambient conditions,various combinatiouns of

relative humidity and temperature are to be studied.

4. Identitication of best storage places for ambient
storage is felt very much necessary.

5. Study on comparison of field performance between
various parents during "Seed production through main
crop" and " ratoon crop" has to be studied in both the

seasons. Fkurther, their seed quality and storability
are to be further assessed.
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Feasibility of tiller separation in wvarious newly
developed A,B,R 1lines and KF1 hybrids ncuds to be
tested.

It is necessary to study the seasonal effect on "tiller
separation and planting"” and evaluation of their field
performance.

Effcct of repeated tiller separation (splitting) within
a season and their performance in difterent A,B,R lines
and F1 hybrids necds a detailed study.

More efficient planting designs are to be tailered"
for hybrid seed production in rice.

Since GA3 1is costly, other cheaper chemicals to
substitute GA3, in hybrid rice seed production are to
be found out. Further these seeds have tu be tested for
their storability.



SUMMARY



VI SUMMARY

The s tudy included tive laboratory and nine tield
experiments carried out during 1989-1992 at the University of
Agricultural sciences, Bangalore to understand the "Effect of
provenance, method of propagation and technique of
seed production on sced yield and quality of hybrid rice

(Oryza Sativa L.)". The salient findings of the various

vxperiments are summarised here.

Seeds of 8 rice genotypes (maintainer lines) produced
at 4 loucations (Bangalore, Mandya, Shimoga and Mudigere)
during two seasons (198Y wS and 1990 DS) were evaluated f{for

their various seed characters and quality.

Genotypes differed significantly for various seed
characters viz., test weight, seed volume and density. Seed
quality attributes viz., germination, specd of germination,
field emergence, seedling length, wvigour index, electrical
conductivity of seed leachate and accelerated ageing test

response also varied significantly among the genotypes.

The genotypes V20B, 1R54752 B, Mangala B and Pragathi B
were found to be superior in various seed characters while
Vv2UB, Pushpa B, Pragathi B, Mangala b, and Madhu B were
superior 1in various seed quality attributes studied. The
rest of the genotypes, ;ushpa B, Pragathi B, Mangala B, Aand

V20B recorded better germinability even after accelerated
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ageing test revealing their superiority. The rest of the
penotlypes TR 54752 B, Intan mutent B ond improved Svna B were

inferior in one or other seed quality parameters.

Out of the 4 production locations, sceds produced at
Mandya recorded the highest seed quality followed by, those
producing at Bangaslore snd Shimoga. Mudigere location was

found to be inferior to all other 1locations.

Between the two seasons, secds produced during dry
season registered significantly higher density but on par in

respect of seed volume. However, the test weight did not

differ between the two seasons,. Dry season seed crop
recorded significantly higher germination, speed of
germination and lower EC but field emergence, seedling

length, wvigour index and response to ageing test were found

to be not significant between the two seasons.

The same genotypes produced in 4 lodcations were
stored in cloth bag for 1Y months (January 1990 to July 1991)
with seed treatment (Thiram 2.0 g/kg) and without seed
treatment under ambient conditions. Various seed quality

parameters were tested bimonthly.

Irrespective of production location, genotypes and seed
treatment, all the seed_quality parameters dropped gradually
and EC 1increased as the storage period advanced. the
magnitude of reduction in seed quality was slow at earlier

phase and accelerated at the later part of storage
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The genotypes differed significantly for all the seed
quality parameters including fluctuation of seed moisture
content during the storage period. The genotypes V 20B,
Pushpa B, Pragathi B, Mangala B and Madhu were proved to be
better storers, maintaining more than 80 per cent viability
until the end of storage period. 7The rest of the genotypes
Intan mutant B, IR 54752B and Improved B sona were poor

storers.

Seeds produced at Mandys followed by those of Bangalore
and Shimoga recorded better storability while Mudigere seeds
exhibited poor storability and could be stored only up to 1b

months.

Treated seeds registered significantly higher
germinability, wvigour and lower EC and moisture content

throughout the storage period.

Treated seeds of V 20, Pushpa, Pragathi, Mangala, Madhu
produced at Mandya followed by Bangalore were found tu be

sueprior to those of Shimoga and Mudigere seeds.

%

The results of hybrid seed production experiments
revealed that the CMS line IR 54752A performed relatively

better than Intan mutant A exhibiting better growth, floral

traits yseed set and yield. Out of the 5 restorers, 'ARC
11353R followed in order by IR 54R, IR 46R and 1R 15324 R

pertformed better. The maximum seed yield were obtaihed in
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the combination of IR 54752A/ARC 11353R tfollowed by IR
b4752A/ 1R 54 and IR 54752 A / 1R 4bR as compared to lntan

mutant A/ 1R 27315R and Intan mutant A/IR 15324R,

The growth of ratoon parents was less and they took
less number of days for flowering. It was possible to
achieve the synchrony by ratooning in all parents. But seed
set and yield were more in ratoon crop of Intan mutant A/IR
27315R and Intan mutant A / IR 15324R due to better

synchrony as that of its respective main crop.

with regards to seed qualityythe ratoon k| hybrid seeds
recorded relatively lower quality as that ot seeds produced
through seedling planted main cfop. However, IR
54752A/ARC 11353R registered better sceed quality compared to

the other Fls.

10 understand the effect ot days to tiller separation
on recovery of fresh tillers and their tield performance,
eight genotypes were, tiller separated at two stages. It
was observed that tiller separated at earlier stage (50 DAS)
pertormed better than seedling planted crop. The initial
recovery of number of tillers tor further planting was low at
earlier tiller separation as compared to later stage (70 DAS).
Delay in tiller separation (and planting) resulted in poor

growth as well as yield.’
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The genotype ARC 11353 and IR 54752A/ARC 11353R, Madhu

wA/ IR 15324 R, IR 54752 A/IR 27315 R and IR b54752A/IR 54R
hybrids performed better. Short duration genotypes V 20 and
ES 18 also responded well to this technique. Vegetatively
propagated tiller crop took less number of days than that of

seedling planted crop to attain maturity.

Study on quality of seeds obtained from different -
tillers revealed that, early developed tillers (11-14) could
exhibit higher test weight, better germinability evenafter
ageing test. A linear decline in seed quality was observed
in "later tillers" (T4 - 1T10). 1he restorer line ARC 11353 R
recorded better seed quality as compared to IR 46 R,

suggesting the existence of genotypic differences.

Another innovative approach in vegetative propagation
is stubble planting. Experimental results showed that it 1is
pussible to maintain the CMS lines through stubble planting
in cases of inadequacy of parental seeds. IR b4752A/bB and

Intan mutant A/B responded better for this purpose.

In an another study, commercial cultivation of F,
hybrids through stubble planting was also found feasible. Two
hybrids IR 54752 A/ ARC 11353 R and Madhu WA / IR 46R and
restorer (ARC 11353 R) respunded well for vegetative

propagation.
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The c¢xperiment carried out during 1990 ws, revealed
that harvesting the mother crop at physiological maturity
recorded highest regeneration. Regenerated tillers per plant
did not differ significantly between harvesting time but
varied significantly among three varieties. Stubbles
obtained by harvesting the mother crop at physiological
maturity showed maximum field establishment differ ing
signiticantly from 1later harvests. Plant height was not
atfected by harvesting time. Yield components and yield
differed significantly due to harvesting time. The hybrid
IR 54752A/ARC 11353R recorded high yields followed in order

by ARC 11353, and Pushpa was much inferior.

Stubble root dipping in Rogar (0.1%) + DAP (3%) for 295
minufes established better stubble <crop and exhibited
better tield performance than other treatments as well as
seedling planted check. Significant improvement in field
establishment, growth resulited in higher grain yield in this

treatment.

Among tlie eight planting ratios studied IR 62829 A /
B seed multiplication and IR 62829A / 1R 9761-19-1R Fy
hybrid seed production, 2 male to 6 female ratio was found

to be the best followed by 1:3.

Though higher seed set was observed in the lower ratio
(1:2), it did not register heigher seed yield due tu lower

female population per unit area. Un the contrary, despite
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maximum female plants per unit area,higher planting ratios
(1:4, 1:b, 2:8 and 2:10) did not recurd higher secd yleld

due to poor seed set.

Studies were also carried out to optimise the
synchronization of flowering between the parents during
parental seed multiplication of IR b6282YA/B and I hybrid
seed production of IR 62829A/1IR 9761-19/1R (1992-DS). 1t was
found that sowing of IR 62829 B line 4 days later than 'A'
resulted 1in better synchrony. To supply continous pollen,
anuvther set ot sowing of 'B', 8 days later was also

necessary.

During F, hybrid seed production (IR 6282YA/IR Y761-19-

1
1R) sowing of male (IR 9761-19Y-1R) nine days later to 'A'
line was found to synchronise in flowering with female

parent. One more set of male sowing on 13th day was f ound

necessary to assure continuous pollen supply.

The experiment conducted with eight treatments to {ind
out cheaper chemicals to substitute for UA3 in 1R b54752A/B
parent seed production (1990 wS) indicated that it was not
possible to substitute GA3 cent-per cent by any other
chemical. However, Boric acid (1.0%) spray at booting and
two per cent flowering stage to both the parents can improve
seed set to get vyield which is about 980.3 per cent' the

yield of GAS‘ Urea (2.0%) spray registered 87.1 per cent
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ol GAj yield. GAjnot only increased the plant height but

also the panicle exsertion. Neither boric acid nor urea

could increase the plant height.

A line seeds produced with chemical spray recorded
significantly higher seed quality than the control. Though

germination did not differ significantly due to chemicals,

GA3. KNOE3 (1.0%) improved field emergence, root shoot,’
gruwth and boric acid improved the vigour index. 'lhe adverse

etfect of GA3 spray during seed production also evident

from AA test.



REFERENCES



VII. REFERENCES

Abdul-Baki, A.A. and Anderson, J.D., 1970, Viability and
leaching of sugars from germinating barley. Crop 6Sci.,
10: 31-34,

Abdul-Baki, A.A. and Anderson, J.D., 1472, Physiolugical and
biochemical deterioration of seeds. In Seed Biology
Vol. II Ed. T.T.Kozlowski, Academic Press, New York, pp
283-315.

Abdul -Baki, AL.A. and Anderson, J.b., 1473, Vigour
determination 1in soybean seeds by multiple <criteria.’
Crop Sci., 13: 630-633.

Agrawal, P.K., 1977, Germination, fat acidity and 1leaching
of sugars from five cultivars of paddy seeds during
storage. Seed Sci. and Technol., 5: 48Y-494.

Agrawal, P.K., 1979, Genotypic variation in germination and
membrane permeability in wheat seeds, during storage
under ambient conditions. Seed Res.,7: 120-127.

Agrawal, P.K. and Kharlukhi, L., 1985, Germination, wvigour
and leaching of water soluble sugars from seeds of
three species during storage under controlled
conditions. Seed Res.,13: Y9-114.

Agrawal, 5.C., Sharma, P.M., Chatterjee, C. and Sharma, C.P.,
1981, Development u«nd enzymatic changes during pollen
developoment in boron deticient maize plant. J. P1.
Nutrition, 3: 329-336.

Agrawal, V.K. and Sinklare, 1487, Principles of seed
pathology. Vol. I.

Ahuja, 5.C. and Ahuja, U.S., 1982, Germinability and
seedling vigour of discoloured rice seeds. Seed
Res.,10(2): 177-179.

*Amaral, A. and Dbos, S., 1979, Effect of weight and size of
seeds on the physiological quality and yield of rice
grains Lavoura Arrozeira, 32(317): 24-27.




310

Arumugachamy, 5. Vivekanandan, P. and Subramanian, 1941,
Ratooning ability of some rice cultivars and hybrids.
Int. Rice Res. Newsl.,16(1): 7.

Asokan, A., Ramabadran and Emayavarimban, 1980, Preservation
of wviability of ADT 31 rice seeds 1in storage with
fungicidal tretments. Pesticides, 14: 20-21.

Athwal, D.S., and Virmani, 8.5., 1972, Cytoplasmic male

sterility and hybrid breeding 1in rice. In: Rice

breeding. Int. Rice Res. Instt. Manila, Philippines, pp

615-620. .
*Aubin, J.P., 1978, Rice and its ratooning in Kichard-Toll,

Scnegal, Montpellier, IRAT. 11P.

Austin, R.B., 1972, Effccts of environment betfore harvesting
on viability. In viability of Seeds, 114-149. Ed.
E.H. Roberts, London: Chapman and Hall.

*Azeredo, M.Ww.C.,, De., Fontes, L.A.N. and Almeida tilho, J.
De., 1976, Variation in protein composition of sorghum
grains, in relation to application of application ot N
and P. fertilizer and sowing date. Revista Ceres.,
23(127): 196-208.

Azzini, L.E. and J.N., Rutger, 1982, Amount of outcroscing on
different male steriles of rice. Crop Sci., 22: 9056-907.

Bahar, F.A. aand L2 Datta, S.K., 1477, Propsects of
increasing tropical rice production through ratooning.
Agron. J., 69(4): 536-540.

Balasubramanian, Bb., Morachan, Y.B. and Kaliappa, R., 1970,
Studies on ratoonability {n rice. I. Growth attributes
and yield. Madras agric. J., 57(11): 565-570.

Balasubramanium, P. and Palanisamy, S., 1983, kvaluation of
bare root dip with chemicals for the control of H.
gracilis on rice. Indian J. Nematol., 13: 215-217

Banunurthy, N. and Gupta, P.C., 1981, Germinability and seed
vigour of soybean in storage. Sced Res.,9: 97-101.



311

Bass, L.N., 1967, Response of Read canary grass seed to
storage conditions, Proc. of the AQOSA, 57: 124-129.

*Berezkin, A.N. and Guida, V.N., 1480, Establishing the basis
regional specialization of winter whq;t seed production
in central region of the non-chernozen zone ot RSFSR.
Refesatiynyi Zurnal., 2(55): 107.

Berjak, P. and Villiers, T.A., 1972, Ageing in plant embryos.
Il. Age induced damage and its repair during early
germination. New Phytol., 71: 1356-144.

Biswas, s., 1973,. Varietal difterences in the sced
viability period of rice seeds during storage. Indian
Agric., 17(1): 143-146.

Bradnok, w.T. and Mathews, S., 1970, Assessing tield

emergence potential of wrinkle seeded peas. Hort.
Res., 10: 50-58.

Bui Ba Bong, Nuggen, Van Lual. and Mohan, J.C., 1486,
Performance of male sterile and maintainer lines and
crosses. Int. Rice Res. Newsl., 11(2): 17-18.

Burris, J.S., 1977, Etfect of location of production and
maternal parentage on seedling vigour in hibrid maize
(Zea mays). Seed Sci. and Technol., 5: 703-708.

C&rnahan, H.L., Erickson, J.R., Tseng, S.T. and Rutgar,
J..N., 1972, Outlook for hybrid rice 1in USA. 1In Rice
Breeding. Int. Rice Res. Newsl., Los Bbsnos, Laguna,
Philippines, pp 603-b07.

Chandrashekarapps, GG.K., Shetty, 5.A. and Shekar shetty,
H., 1989, 1racking of kernel smut in ditferent paddy

growing regions of Karnataka. Proccedings of national
seminar on Advances in Seed science and Technology. pp
304-306.

-

Chatterjee, A. Mandal, R.k. and osircar, S.N., 1376. Changes
in the lcvels of growth substance during grain ftilling
of rice. Indian J. Plant Physiol., 19: 254-2508.




312
Chatterjee,

B.N., Sreemantha, Bhattacharya

and Prabid
Lebnath, 1982, Ratoouning ot rice.
427,

- Uryza., 19: 226-

Chauhah, 1984, Use of

Rice Ratooning. Ed.
Philippines. pp 151.

ratooning

in hybrid
IRRI,

Los Banos

rice. In
Laguna,

Ching, T.M., 1472, Ageing storage on

physiological
biochemical activities ot Crimson

and
clover seeds. Crop
Sci., 12: 415-418.
Ching, T.M. and Schoolcraft, T., 1968, Physiological and
chemical differences in aged seeds.
407-409 .

Crop Sci., 8:

Cicero, S.M. and Orsi, k.w., Del., 1478,
weight of

bEftect of seed
rice (UOryza sativa L.)
70(1): 5-12

on vigour. bolo,
Cochran, W.G. and Cox, G.M., 1965, Experimental designs.
Asia Publishing House, Bombay, pp 293-305.

Copeland, L. O

., 1488, Principles of Seed Science and
Technology. Pub. Surjeet Publications. Delhi.

*Cuevas-Perez, F.E., 1980, Inheritance and association ot
six agronomic traits and s tem-base carbohydrate
concentration on ratooning ability 1in rice (Uryza

sativa L.). Ph. D., thesis, Oregon,

State University,
102 pp.

bas, G.R. and Ahmed, T., 1989, Etfttect of rice yield of
damage to seedlings.

root
Int. Rice Kes. Newsl.,

14(6):5-b.

*Delouche, J.C., 1973, Percept of seed storage (Revised)..
S.C. Proc. Mississippi State University. pp Y7-122.

Delouche, J.C. 1980,
seed

Variations in the storability of
an

lots. Paper presented in International
seed Science and Technology.
1990- Abstracts of papers.

crop
Confernce
New Delhi, 21-25 Feb.
pp. 37.



313

Delouche, J.C. and Baskin, C.C., 1973, Accelerated ageing
techniques tfor predicting the relative storability of
seed lots. Seed Sci. and Technol., 427-452.

Delouche, J.C., Mathews, R.K,, Dougherty, G.M. and Boyd,
A H., 1973, Storage of seed in subtropical and
tropical regions. Seed Sci. and Technol., 1: b663-692.

Deshpande, V.K., 1988, Eftect of date ot harvesting on seed
yield, quality and storability in maize (zea mays L.).
M.Sc. (Agri.) Thesis. Univ. Agric. Sci., Dharwad.

beshpande, V.K., Kulkarni, G.N. and Kurdikeri, wm.B., 1991,
Storsbility of maize as influenced by time of
harvesting. Curr. Res., 20: 205-207.

Dhaliwal, Y.S5S., Sekhon, K.5. and Nagi, H.P.S., 1991,
knzymatic activities and rheological properties of
stored rice. Cereal Chem., 68(1): 18-21.

bharmalingam, C., 1978, Longterm storage of rice germplasm
1NAU Newsl., 8(5): 3.

Dharmarajan, B.k., 1990, Chemical induction of male sterility
and standardizing techniques 1or hyvrid seced production
in rice (Oryza sstiva L.), Ph.D. lhesis. Univ. Agric.
S5ci., Bangalore..

Dighe, R.S5. and Patil, V.N., 1986, Effect of seed size on
germination, vigour and yield in CSH 1. Seed Res., 14
(2): 244-247.

Djeacoumar, J., 1988, Evaluation of supplementary pollination

techniques and row ratios in seed production of
promising hybrid rice (Oryza sativa L.). M.5c. (Agri.)
Thesis. Univ. Agric. Sci., Bangalore.

Donaire, J.P., 1991, Behaviour, function and significance of
Boron in agriculture. Report on International workshop
Oxford.



314

DRR, 14690, Summary report AICRP, kharit 1990. Directorate
ol Rice Research, Rajendranagar, llyderabad. '

buan, X.M. and Ma, H.S., 1942, Etfect of gibberellic acid
application on seed yield and quality of hybrid rice.
Seed 5ci. and Technol., 20: 209-214.

Ellis, R.H. and Roberts. E.H., 1981, The quantification of
ageing and survival in orthodox seeds. Seed Sci. and
Technol., 9: 373-408.

Fernandes, G.M.B., Oliveira, A.B. D.k. and Amorim, Neto, S.,
198U, Evaluation of seed quality of rice as a function
of sowing date. Rice Abstr., 4(9): 207.

Floris, C., 1970, Ageing in Triticum durum seeds: Behaviour
of embryos and endosperms for aged seeds as revealed by
the embryos-transplantation technique. J. Expt. bot.,
21(67): 462-468 .

Funk, C.K., Anderson, J.C., Johnson, M.W. and Atkinson, R.Ww.,
1462, Effect of seed scurce and seed age on field and
laboratory performance of field corn. Crop S5e¢i., 2:
318-320.

Garg, O0.K., Sharma, A.N., Kona, G.R., 148U, Eftect of boron
on pollen viability and yield of rice plant. Plant
and Soil., 52: 591-594,

Gay, B., 14961, Ratooning methods of a Texas rice farmers.
Rice J.,64(2): 22,

Ghose, R.L.M., Ghatage, M.B. and Subramanyam, V., 1981. Rice
in India. ICAR, New Delhi.

Ghosh, B., Adhikary, J. and Banerjee, N.C., 1981, Changes of
some metabolites in rice seed during ageing. Seed Sci.
and Technol., 9: -469-473. '

Girish, G.K., Arora, K.K. and Jain, S.K., 1990, Post-harvest
Technology of food grains in India. Bull Grain.
Tech., 28(1): 66~47.




315

Girish, G.K., Ashok Kumar, and Jain, S.K., 14975, Assessment
ot the quality loss in wheat damaged by ‘lrogoderma
ranarium during storage. Bull. Grain lech.,

13(1):26-32.

Gomez, P.J., Leyva, B. and Galano, R., 1486, vVarious
methods of packaging with a view to the maintenance of
viability in rice seed 1in refrigerated storage.

Cienciay Tecnica enla Agricultura Arroz., 7(2):.

Gora, M.A., Prasad, Y. and Singh, B.N., 1987, Int luence ot
1richoconiella padwickii on seed germination and
seedling growth in rice. Int., Rice Res. Newsl,,12: 27.

Grist, b.H., 1965, Rice. Longaman Green, London. pp 571.

Haterkamp, M.E., Smith, Luther, and Nilan, R.A., 1953,
Studies on aged seeds I. Relation of age of seed to
germination and longevity. Agron. J., 45: 434-437.

*Haque, M.M,.,1975, Varijietal variations and evaluation
procedures for ratooning in rice ((Uryza sativa L.).
M.S. Thesis, Univ. Philippines. Los Banos, Laguna,
Philippines, pp. 110.

Harrington, J.¥., 1960, Drying, storing and packaging seed
to maintain germination, vigour, beedsmen's Digest,
11(1): b56-68.

harrington, G.1. and Thompson, R.C. 1952, Ettect ot
variety and area ot production on subsequent
germination ot lettuce seed at high temperatures. Amer.
Soc. Hort. Sci, Proc. 57: 445-450.

Hassan, M.,A. and Siddiq, E.S., 1984, Inheritance of anther
size and stigma exsertion in rice (Oryza sativa L.},
Indian J. Genet., 44)3): 544-547.

Hegde, A.S., Plilbeck, R.B. and Brown, P.k., 1983, Response
of soybean to simulated rain in the field. J. Expt.,
Quality, 12(4): 538-543.



jlb

He-guiting, Te, A., Zhu xigang, Travers, S.L., Lai Xxiufung
and Herdt, R.W,, 14984, The econumics of hybrid rice
production in China. 1RRI, Res. Pap. Ser., 101: 14.

Hodges, R.J. and Evatt, N.S., 1969, Second crop rice
production. Agron. Ncutes, 69: 21-22.

HR1, 1981, MS line multiplication and hybrid seed productioun.
Second hybrid rice training programme. Changsha, Hunan,
(Sept 14-0Oct. 7 1981).

Hung, C.S., Bun, R.H. and Chen, C.C., 1984, Hybrid variety
of indica rice and its yield potential. J. Agric. Kkes.
China, 33(1): 1-11.

Hung, C.S. and Hung, H.H., 1978, Stigma exsertion after
anthesis and its inheritance in rice (Oryza sativa L.),
J. Agric. Res. Inst. Taipei, laiwan, 21-25.

Ichii, M. and Kuwada, H., 1981, Application of ratoon to a
test of agronomic characters in rice breeding. I.
Variation in ratoonability and its relation to
agronomic characters ot mother plant. Japan J. Breed.,
31(3): 273-278.

*{m, H. B., 1961, 1The etfect ot gibberellin on ditfferentiation
and development of barley spikes. Seoul Univ. J.,
10:55-57. .

Indira Kalyanasundaram, and Rao, G.J., 1988, Storage fungi
in rice in India. Kavaka, 14 (1-2): 67-76.

IRR1, 1981, MS line multiplication and hybrid seed
production. Second hybrid rice training programme,
Changsha, Hunan, (September 14 to October 7, 1981}).

IRRI, 1982, Innovative breeding methods. Annual report for
1981, Int. Rice Res. Inst., Philippines. pp 119-134.

IRRI, 1990, WVWorld Rice Statistics. 1nt. Rice Res. Inst.,
Philippines.




317

Islam, A.J. and Delouche, J.C., 1973, The pattern of
glutamic acld decarboxylase degeneration and its

relation with rice seed deterioration. int. Rice.
Commun. Newsl., 22: 9-14. ’

Iso, E., 1954, Ratoon culture ot Horai varieties. In Rice
and Crops in its Rotation In Subtropical Zones. Japan-
FAO Asssocliation, Tokyo. pp 147-200,

1STA, 1985, International rules for seed testing. Seed Sci.
and lTechnol., 13: 307-355,

Jagannathan, M. and Banerjee, 5.K., 1982, A Note on the
improved method of vegetative propagation in hybrid
rice. Seed Res.,10(2): 209.

Jalote, S.R. and Vaish, C.P., 1976, Loss of wviability of
paddy seed during storage in Uttar Pradesh. Seed Kkes.,
4(2): 183-186.

Jawaregowda, S.G. and Bhole, N.G., 1989, Prediction of
relative germination of cereal seeds stored at
different storage systems. Mysore J. agric. Sci., 23:
168~-171,

Jimenez, E.S., De, Sepulveda, G., Reynoso, E., Molinagulan,
J. and Albores, M., 1YY91, Long term maize seed storage
and loss of viebility. Polyamines and auxin contents
during germination. Seed Sci. and Technol., 19: 83-92.

\

Jones, J.Ww., 1926, Hybrid vigour in rice. J. Amer. 5oc.
Agron., 18: 423-428.

Joshi, M.K., 197¢b, Investigations on synchronization of
flowering in CSH b. Hybrid Sorghum and Seed
Production. M.Sc. (Agri.) Thesis. Univ. Agric. 6Sci.,
Bangalore.

Juliano, B.O., Perez, C.M. and Chang, 1.T., 1990, Varietal
differences in longevity of tropical rough rice stored
under ambient conditions. Seed Sci. and Technol., 18:
361-369.



318

Kadam, B.S. and Patil, G.G., 1983, Blooming and anthesis 1in
Kolomba rice. 1lndian J. Agric. Sci., 3: 577-583.

*Kalina, Z2.G., 1963, The etitect of gibberelin on growth,
development and productivity of Corn. In:
Gibberellins and their action on plants. Akad. Nauk.
USSR., pp 306-309.

kalpana Sur and Basu, R.N., 1486, Control of age and
irradiation - Induced seed deterioration in rice by
Hydration -dehydration treatments. Seed Res.,14(2):
147-205.

Kamalam Joseph, Menon, P.K.G. and Alphy Koruth, 1988,
Influence of weather parameters on wet land rice yields
in Kerala. Oryza., 25: 365-368.

Kant, K., Sharma, B. and Tyagi, M.G., 1983, kffect of
maturation environment on seed size and subsequent
plant growth in peas. Expt. Agric., 19: 333-330.

*Katano, M., Fujita, H., Kuroiwa, K., Yamada, 1. and Kurihara,
H., 1986, The effect of rainfall during the summer on
growth and yield of rice. Report. Kkyushy branch of
the Crop. S5ci. Soc., Japan.

Kato, H. and Namai, H., 1987, Ikloral Characteristics and
environmental factors for increasing natural
outscrossing rate in F hybrid seed production of rice.

1

Jap. J. Breed., 37(3):318-338.

Karan singh, Agarwal, N.S. and Girish, G.K., 1975, ©Studies
on the damage of Sitophilus oryzae and its effects on

germination of HYV of wheat and maize seeds. Indian J.
Ent., 37(2): 146-149.

Kaur, J. and Singh, G., 1986, Hormonal regulation of grain
filling in relation to peduncle anatomy in rice
cultivars. Indian J. Exptl. Biol., (In press).

Khairwal, 1.%. and Tomer, R.P.S., 1481, Inter relationships
between seed weight and quality traits in Pearl millet.
Sci. Cult., 47(5): 175-177.



319

Khanna, S.C. and Yadav, T.D., 1879, Effect of relative
humidities on viability of several ceceds during
storage. Seed Res.,7(2): 103-106.

¥Khristov, K. and khristova, P., 1978, Some biological and
mutagenic changes 1In maize seeds during ageing.
Restenievdni Nauki., 15(8): 13-23.

*Kovav, M., 1988, Effect of seed provenance on seed quality
in winter wheat. Rostlinna Vyroba., 34(l): 77-84.

Krishnasamy, V. and Kempuchetty, N, 198Y, wuality ot seeds as
intfluenced by their position in the panicle in rice cv.
ADT 36. Madras agric. J., 76 (6): 350-351

Krishnasamy, V. and Seshu, D.Vv., 1390, Germination after
accelerated ageing and associated characteritics 1in
rice varieties. Seed Sci. and lTechnol., 18: 147-156.

Krishnaveni, K. and Ramasamy, K.R., 19856, Bio-chemical
studies 1in COH-1 Maize seed during storage. Madras
agric. J., 72(9): 500-5u4.

Kristan, F. and Skala, J., 1980, 71he effect of site and
nitrogen application rate of the seed quality of winter
wheat &and spring barley. Kostilinna Vyroba., 26(7):
703-713.

KSDA, 1991, Agricultural Production 1991-92., Karnataka State
Department of Agriculture. bangalore.

Kulik, M.M,, 1477, Seed germinability tests for predicting
field emergence of rice seeds infected with
Helminthospurium oryzae aoand ‘lrichoconis padwickii.
Phytopathology, 67: 1303-1304.

Kumara Perumal,N. and Choudhari, R.5., 1973, A preliminary
s tudy on shoot histogenesis in rice (TN-1)  as
influenced by gibberelic acid. Sci. Cult., 39: 44Y-
450,

Kumar, 1. and Sharma, H.L., 1984, Studies on a cytoplasmic
male sterile line of rice. Crop lmprovement, 11(2):
145-147. :




320

Kurdikeri, M.B., 1491, Studies on seed quality in hybrid
maize (Zea mays L.). Ph.D. lThesis. Univ. Agric. bcl.,
Bangalore.

Lin, $.C. and Yuan, L.P., 1980, Hybrid rice breeding in
China. In: Innovative Approaches to Rice Breeding 1RRI1,
Manila, Philippines. pp 35-51.

#Linhares, Ww.1l., 1980, Influence of weight and size of seeds
of wheat (Triticum aestivum L.) on germination and .
vigour. Escola Superior de Agrucultura Luiz de

Queiroz, 24: Y4-97,

*Liu, Ww.B., Wwang, X.C., Zhang, Y.T. and Liu, X.Y., 1484,
technical measures for a high yield of hybrid rice.
kujian Agric. Sci. and lechnol.,2: 12-15.

Mackay, D.B. and Tonkin, J.H.B., 1967, Investigations in
crop seed longevity. 1. Analysis of long-term
experiments with special reference to the influence of
species cultivar, provenance and Season. Natl. 1Inst.
Agr. bBot. J., 11: 209-225.

*Maeda, J.A. and Sawazaki, E., 1982, VFtactors which aftect
sorghum seed quality: Cultivars and Sites. Bragantia.,
41: 101-107.

Mahadevappa, M., 1973, C-435, A M5 rice hybrid ofters great
possibilities in inducing desirable characters in rice.
Curr. Res., 2(2): 91.

Mahadevappa, M., 1979, Ratoon cropping to increase rice
production. fechnical bulletin. UAS. lech. Series, 26:
Univ. Agric. 5ci., Bangalore.

Mahadevappa, M., 1985, Annual Report. Deptartment of Seed
Technology, Univ. Agric. Sci., Bangalore.

Mahadevappa, M. Gopala Reddy, T. and Nagaraju, 1988, Ratoon
rice research and production 1in Karnataka. tn Rice
Ratooning bd. IkkRl, Lus Banes, Laguna, Philippines.
pp 1U5. . .



321

Mahadevappa, M. Nagaraju and Narasimhareddy, 1986, Maturity
behaviour of Intan in main and ratoon crops. 1Int, Rice
Res. Newsl.,11(6): 5.

Mahadevappa, M., vVishakantha, Sharma, N.D.R.K. and
Govindaraj, K.G., 18989, Stubble planting promising
vegetative propagation method for hybrid rice. Int.

Rice Res. Newsl.,14(4): 9,

Mahantecshappa, M., 1989, Eftect of variety and environment
on seed vigour in rice (Uryza sativa L.). M.Sc.
(Agri.). Thesis. Univ., Agric. Sci., bangalore.

Mallaiah, P.S5., 1385, Evaluation of rice germplasm for
floral characteristics intluencing outcrossing in rice
(Oryza sativa L.). M.Sc. (Agri.) Thesis. Univ. Agric.
Sci., Bangalore.

Mallik, &., Aguilar, A.M. and Vergara, B.S., 198%, Rice
characteristics. Int. Rice Res, Newsl.,13(b): 7-8.

Malvika Dadlani, 1982, Methods ftor seed vigour estimafion.
Seed Tech. News., 12(1): 13-14.

Maranville, J.w. and Clegg, M.D., 1977, Influence ot seed
size and density on germination, seedling emergence and
yield of grain sorghum. Agron J., 69(2): 329-330.

Mathenge, F.N. and Grabe, L.F., 1977, Effect of production
methods on quality of wheat seed. Agron. Abstr., 19(7):
108.

Mathur, P.N., Sinha, N.C. and Singh, R.D., 1482, Eftfect of
seed size on germination and seed vigour in oat (Avena
sativa L.). Seed Res., 10(2): 109-113.

Mazur, T.G. and Kucherenko, L.A. and Dmitrieva, A.S., 1978,
Hybridization of rice in a plastic covered growth
chamber. Referat.*zh., 6: 170. )

Mead, J.F.., 1976, Pree radical mechanisms of 1lipid damge
and consequences for cellular membrances. In: Free
Radical Biology (W.A. Pryor, Ed.). Vol. 1. Academic
Press. New York. pp 57-58.




322

Mephachandra Singh, 1., 1986, Fvatluation and malntenance of
CMS lines, maintainers and restorers in rice (Qryza
sativa L.) M.Sc. (Agri.). Thesis. Univ. Agric. Sci.,
Bangalore.

Merwade, M.W., Katarki, B.H., Vyakarnal, B.S. and Dharmatti,
P.R., 1989, Influence of primary and secondary
sympodia on seed yield and quality in hybrid cotton
seed production. Proceedings, Nat Seminar Univ. of
Myosre (Dec. 14-16, 1989).

*Mohammad, G.A., Talif, A.E. and Shalur Fadous, 1984,
Blooming studies of four rice <cultivars. Zeitschrift
Fur Acker - Und. Pflanzenbau, 153(6): 460-466.

Morgapuram, R.G., 1989, A multisimple capability
computerised systems approach to seed quality analysis.
Dissertation Abstract International B. (Sci. and

Eng.). &49: (127 507 B.

Moss, H.J., Derera,N.F. andBalaam, L.N., 1972, Effect of
preharvest rain on germination in the ear and alpha

amylase activity of Australian wheat. Aust. J. Agric.,
23: 769-777.

Mukhopadhyaya, A., Choudhary, M.M., Sen, K. and Ghosh, B.,
1983, Changes in polyamines and related enzymes with

loss of viability in rice seeds. J. Phytochem., 22(7):
1547-1551.

Mullat, H.J., 1979, The relationship between seed size,
total seed electrolytes leakage and embryo growth of
(Phaseolus vulgaris). Aust. Seed Sci. Newsl.,5:60-64.

Murugesan, N.V., Thiagarajan, C.P. and Lakshmanan, K.K.,

1989, Viability 1in rice seed vigour after storage.
Int. Rice Res. Newsl.,14(1): 18.




323

*Nagao, S., 1951, Genetic analysis and linkage relationship
of character in rice. Academic Press. 1Inc. New York,
4: 181-212.

Nagaraj, A., 1984, kvaluation of quality and field
performance of seeds from main and ratoon crops ot
rice. M.Sc. (Agri.) 1lhesis. Univ. Agric. sci.,

Bangalore.

Nagarajan, K. and Karivaratharaju, T.V., 1976, Storage
studies 1in sorghum, bajra and maize and viability 1in
relation to moisture content. 5Seed Res.,4(2): lbl-
1b0b.

*Nagashima, N, and Ota, Y., 1986, Changes 0! adenosine

triphosphate content in husked rice kernels during
storage. Bulletin of Nat. Inst of Agrobiological
Resvurces. Japan 2 : H3-103.

Nair.V.R. and sahadevan, P.C., 1961, A note on vegetative
propagation of cultivated rice. Curr S5ci ., 30 : 474-
76.

Nandisha, B.S. and Mahadevappa, M, 1984. .Influence of mother
plant nutrition and spacing on planting value of rice
seeds. Seed Res. 12 (2) : 25-32.

Narasingarap , C., 1987, Seasonal influence on growth and
yield ot rice varieties Oryza, 24(1): 59-65.

Neelakanta, P.H., 1982, Studies on the seed borne aspects ot
brown spot of paddy caused by Drechslera oryzae (Breda
de haan)subram and Jain, and blast of paddy caused by
Pyricularia oryzae Cav. M.SC (Agri) ‘'lhesis Univ.,
Agric. Sci., bBangalore.

Neergard, P., 1977, Seed Pathology., Vol.l. The Macmilan Press
Ltd., London, 839P.

Nicholas, B.B. and May.L.H., 1964, Studies on the growth of
barley apex. 2. On the initiation ot internode
elongation in the intlorescence. Aust. J. Biol. 17
619-630.



324

Nigam, P.M., Ram. D.N., Verma. R.A and Uttam, J.R., 1987,
Relative resistance suseptibility of rice varieties to
5. oryze. Bull . Grain Tech. 25 (3): 231-233.

NSC, 1990, Vegetative propagation for commercialising hybrid
rice. Seeds and Farms,16(3 and 4): 21-22, Published by
National Seeds Corporation. New Delhi.

*Odiemah, M., 1988, Seed vigour of hybrid maize as determined
by cold test and affected by a macro-environmental
conditions in Hungary. Acta agronomica Hungarica. 37°
{3-4) ; 215-225.

¥0Oliveiras, J.Vv., De; Loeck,, A.E., Dutra, J.Lv., 1990,
Collection of insects that occur in stored rice at KRio
Grand deu sul. Lavoura Arrozelira.

¥*Ovcharov, K.E., Koshelev, Yu, P., Murashova, N.D., Genkel,
K.p. and Sedenko, D.M., 1478, Biochemical changes
during seed ageing. Byulleten Vessoyuznogo Ordcna
Lenina i Ovdena. No. 77: 36-39.

Padmaja Rao, S., 1988, Production trends of high density

grain as influenced by nitrogen, season, crop canopy
and duration of low land irrigation paddy. Oryza, 25:
47-51.

Padmaja Rao, S., 199U, Influence saduential planting of
tillers on high density grain in rice. Uryza., 27: 331-
333.

Palanisamy, V., Vanagmudi, K., Jayaraj, T. and
Karivaratharaju, 1.v., 198¢b, Influence ot date of
sowing and spacing seed quality in Bhendi. South
Indian Hort., 34(1): 23-25.

Palchamy, A. and Soundrapandian, G., 19860, Stutus and
potential for ratoon cropping in ‘tamiinadu.in Rice
Ratooning. pp 111. Ed.by 1RRl, Los Banos Laguna,
Philippines.



325

Pammenter, N.,W., Adamson, J.H and Berjak, P., 1974,
Viability of stored sced : Extension by cathodic
protoction. Science, 186: 1124-1124,

Parago, J.F., 1963, Rice ratoon culture. Agric. Ind., Life,
25(8): 15,45,47.

Parmar, K.S5., 6iddiq, E.A. and Swaminathan, M.S., 1979,
Vairiation in anther and stigma charactristics 1in
rice. Indian J., Genet., 39(3): 542-550.

Parate, D.K. and Lanjewar, R.D., 1487, studies on seed
mycoflora of two rice cultivars grown in rice tract ot
Vidarba, PKV Res. J., 11(1): 47-b0.

Patil, N.M., 1983, Investigation on the techniques ot hybrid
seed production in rice (Oryza sativa L.). Mysore J.
agric. Sci., 21(1}): 104.

Patil, N.M. and Mahadevappa, M., 1988, Preliminary studies
on technique hybrid seed production in rice (QOryza
sativa L.) In Rice Ratooning. pp 108. Ed.by IRRI, Los
Banos Laguna, Philippines.

Paul, A.K. and Mukherji,5., 1972, Changes 1in respiration
rate of rice seedlings as altected by storage ond
viability and its possible relation with catalase and
peroxidase activity during germination. Biouvl. Plant.,
14: 414-419.,

Paul, A.K., Mukherji,S. and Sirkar, S .M., 1970, Metabolic
changes 1in rice seeds during storage. J. Agric. 5ci.,
40: 1u31-1036.

Paul, S.R. and Ramaswamy, K.R., 1979, Relationship between
seed size and seed quality attributes in cowpea. Seed
Res.,7: 63-70.

Pawar, V.M., Shrishikar, Ss.P. and Jadhav, G.D., 1485,
Effect of some fungicices on seedling emergence and
root length in paddy. Seed Res.,13(2): 1u-12.



326

*Petrov, A.V., 1970, Efttfect of boron on the pollination of
plants, yield and productivity of fodder seed sets.
Agrokhimiya , 12 79-80.

Plucknett, D.L., Ecalada, R.G. and Dela pena, R.S., 1978,
crop ratooning. J. Series. 2266 of the Hawaii Agric.
kxp. Statin Honolulu, Hawaii, USA., 40 pp.

tollock, B.M. and Roos, E.E., 1972, beed and Scedling
Vigour, In Kozloski, ed. Seed Biology - 1. Academic

Press, New York. 313-387.

Prabhakar, B.S. and Mukherjee, R.K., 1980, Eftects ot crop
season and seed proteln level on the viability ot rice
secds. Indian J. Agric. Sci., 50: 756-760.

Prabhakarrao, Narasimha, P. and Varma, S.C., 1988,
Nutritional composition of rice as atffected by
phosphorus and potash application and seedling root
dipping in nutrient solutions.Uryza 25: 43-4b.

Pradhan, §S.B. and Ratho, S.N., 1987, Seed production of
male sterile 1lines in rice by natural outcrossing.
Int. Kice Res. Newsl.,8(4): 1.

Prakash, A. and Kuraw, K.C., 1983, Grain resistance to
storage insects of rice (A review). Bull. Grain. lech.,
21(2): 124-123.

Prasad, M.N., Virmani, 8.5. and Gamutan, A.D., 1988,
Substituting urea and boric acid for GA3 in hybrid rice
seed production. Int. Rice Res. Newsl., 13(b): Y-10.

Prashar, C.R.K., 1970, Paddy ratoons, Wworld Crops., 22(3}:
145-147.,

Preistley, D.A. and Leopold, A.C., 1979, Absence of 1lipid
oxidation during. accelerated ageing of soybean seeds.
Plant Physiol., 63: 726-729.




327

Promila Kumari, Choudhary, R.K. and Kapoor, R.L., 1992,
l‘'ffect of rain damage on seed quality in peral millet.
Seed Tech. News, 22(1): ©b8.

Radhakrishna, R.M., 1992, Heterosis in widely contrasting
rice (Oryza sativa L.) genotypes M.5Sc. (Agri.) Thesis
Univ. Agric. Sci., Bangalore.

Rajarao, M.K., 1981, Ekvaluation of planting ratios for BJ

104 hybrid bajra (Pennisetum typhoides) . seed
production and seasonal effect on stability ot male-
sterility in MS 5141A. M.Sc. (Agri.) ‘Thesis Univ.

Agric. Sci., Bangalore.

Ramachandra, N.G., 1989, Studies on the flowering behaviour
of CMS 1line and techniques of se~d production in
promising rice hybrids. M.Sc. {Agri.) Thesis,

Univ. Agric. Sci., bangalore.

Ramegowda, 1992, Studies on seed senescence and seed vigour
in some genotypes of rice (Oryza sativa L.). Ph., D,
Thesis. 1amilnadu Agril. Ulniv., Coimbatore.

Rangaswamy, M. and Sreerangasamy, ..S.R., 1988, Standardi zing

hybrid rice A line seed production. Int. Rice KRes.
Newsl.,13(4): 20-21.

Rangaswamy, M., Sreerangasamy, S.R., Natarajamurthy, K. and
Sivasubramaninan, V. 1987, Morphological characters,
seed setting and dry matter production of 'A' and 'B'
lines Int. Rice Res. Newsl ., 12 (3) : 23.

B

Rao, D.V.N and Damodaran, G., 1972, Prelimnary studies on
ratooning in Sorghum varieties and hybrids. Madras

agric J ., 59 (8): 301-303.

Rao, N.K., Robert, E.H. and Ellis, E.H., 1987, Loss of
viability in lettuce seeds and the accumulation of
chromosome damage under differnt storage conditions.
Ann. Bot ., 60 (1) : 85-96.



348

Ray,S and Choudhari M.A. 1Y81. Eftects of plant growth
' regulators on grain filling and yield of rice. Ann.
Bot. 47, 755-758.

Ray, M.B., Halder, S. and K. Gupta, 1490, Difterential
responses of early and late cultivars of rice seeds
under accelerated ageing. Seed Sci. and lechnol., 18:
8§23-831.

Reddy, '1.G., Mahadevappa, M. and kulkarni, K.R., 1479, Rice

ratoon crop management in hilly regions ol Karnataka,
India. Int. Rice Res. Newsl.,4(6): 22-23.

Reddy, R. and Pawar, M.S., 1959, Studies on ratooning in
paddy . Andhra agric. J., 6: 70-72.

Richharia, R.H., 1960, The possible use of vegetative
propagation in rice (Oryza sativa L.). Sci. and Cult.,
26: 234-240.

Richharia, R.H.,1961, Clonal propagation as a practical
means of exploiting hybrid vigour in rice. Nature, 194:
598.

Richharia, R.H., Mahapatra,l.C. and Manna, G.B., 1964,
Vegetative propagation in rice and 1its potentiality.
Indian J. Agron., 9: 167-174.

Roberts, E.H., 1972, Viability of Seeds, Chapman and Hall,
London, pp. 307-320.

Roberts, E.H. and Ellis, R.H., 1980, Seed physiology and
seed quality in soybean. Advances in Legume Sciences,
U.K., 297-331.

Rosamma, C.A., Karunakaran, K., Chandrika, P. and Nair, N.R.,
1968, weight and germination of main and ratoon crop
seeds. Int. Rice Res. Newsl.,13(4): 4.

-

Rutger, J.N. and Carnahan, H.L., 1981, A fourth genetic
element to facilitate hybrid cereal production -a
recessive tall in rice . Crop Sci., 21: 273-276.



3294

S5ahai, V.N. and Chaudhary, R.C., 1985, Standardization of
parameters lor seecd production techniques in hybrid
rice. Seeds and tarms, 11(7): 9 - 14.

Sahai, V.N., Saran, S. and Chaudhary,R.C., 1987, Hybrid rice
research in Bihar, India . Int. Rice Res. Newsl.,
12(2): 23.

Saibabu, K.G.R.S5., Hussaini, S.H., Muralimohan, B. and Reddy,
P.R., 1983, Effect of moisture and container on the
storability of paddy seeds under ambient conditions of
Hyderabad. Seed Res., 11(1): 71-73.

Saibabu, K.G.R.S., Hussain, S.H. and Raghavaender.D.V.S.,
1987, Effect of nitrogn, maturity and rain damage on
seed storability in rice. Seed Res.,15(1):24-29.

Saini, 5.K., bingh, J.N. and Gupta, P.C., 1980, Lifect ot
planting date and variety on seed quality ot soybean.
beed Res.,8(2): 141-149.

Sampath, S., 1962, The genus Oryza : Its taxonomy and
species inter relationship. Oryza, 1: 1-29,

Saran, A.D. and Prasad, M., 1952, Ratooning in  paddy,
Curr.5ci., 21(8): 223-224.

bSaran, S. and Sahai, V.N., 1985, Hybrid rice programme 1in
Bihar, paper preseted at the Annual Rice.kes. workshop,
bir., of Rice Res., Hyderabad, April. 19865,

Sarma, N.P., Mohanty, P.K. and Jachuk, P.K., 1982,
Outcrossing potential offer cytosterile stock in rice.
int. Rice Res. Newsl.,7(5): 3.

Sasikumar, B. and Sardana, S., 1987, Evaluation of rice
germplasm in lripura, Plant Genetic Resources,
Newsletter, 71 31-33.

Satato and Sukamandi, 198Y, Effect ot row ratio and leat
clipping on MR 365A outcrossing and seed yield. Int.
Rice Res. Newsl.,14(2): ©.




330
Sateesha Babu, S.M.,, 1986, Studies on the vegetative

propagation of rice (Oryza sativa L.). M.Sc., (Agri.).
Thesis. Univ. Agric. Sci., Bangalore.

Sathyanarayan Rao and Ranganathaiah, 1988, Control of seed
borne infection of Drechslera oryzae in paddy by seed
treatment. Seed Res.,16(2): 193-199,

*Sauphanor, B., 1988, Influence of some chatif characteristics
on varietal resistance of rice to storage insects.
Entomologia Experimentalis et Applicata, 47(1): 55-67.

*Sedenka, DbD.M., 1975, Phosphorus compounds and phy tase
activity in maize seeds stored at different initial
mositure contnts. Flziologlya Rastenii, 22(2): 236-
240.

Selvaraj, J. and Subramanian, P., 1989, Quality attributes of
seed produced on different tillers of IR 50. Int. Rice
Res. Newsl.,14(3): 12.

Sen, S5., 1977, Cellular lesions leading to non-viability of
seeds.Seed Res.,b5: 79-92.

*Sessouma, G.K., 1987, Evidence of the influence of
cnvironmental conditions on the vigour of somo grain
sorghum 1lines. Bulletin de Institut Fondamental d,

Afrique Noire, 45:(3-4): 255-268.

Shanbhogue, Y.M., 1988, Studies on hybrid seed production
techniques 1in rice (Oryza sativa L.). M.Sc.,(Agri).
Thesis. Univ. Agric. Sci., Bangalore..

Shanbhogue, Y. M. and Mahadevappa, M., 1991, LEffect of row
ratio on outcrossing rate and yield in hybrid
production of rice. Oryza, 28: 141-143.

Shankaramurthy, C.M.V., 1991, Studies on floral traits
influencing outcrossing and heterosis in rice (Oryza
sativa L.). M.Sc. (Agri.) Thesis. Univ. Agric. Sci.,
Bangalore.



331

Sharma, R.C., H.L.,Sharma and Harisingh, 1990, Pathological
studies on rain damaged and discoloured seed of paddy,
Abstract book. International Cunference on secd sci.
and Technol. New Delhi. pp 112.

Sharma, H.L., Singh, H., Randhwa, H.S., Joshi, D.P. and
Gagneja, M.R., 1987, sequential tillers separation - a
me thod for rapid multiplication Int. Rice Res.
Newsl.,12(6): 9.

Shatilov, F.V. and Ikonnikov, P.A., 1970, Effect of drought
on reproductive capecity of sunflower top dressed with
phosphorus and boron. Soil Fest., 33(3): 302,

Shenoy, V.V., Dadlani, M. and D.V. Seshu, 1990, Association
of 1laboratory assessed parameters with field emergency
in rice. The non-anoic acid stress as a seed vigour
test. Seed Res.,18(1): 60-69.

Shivappa, T.G., 1988, Effect of distances of pollen donor on
cross pollination 1in male sterile line and study on
heterosis in some experimental rice hybrids. M.Sc.
(Agri.). Thesis. Univ. Agric. Sci., Bangalore.

Shubha Krishnamurthy, S.A., Shetty, H.,S. and Karanth,
N.G.K., 148y, Interaction of secd burne bacteria and
fungi o0f paddy and their influence on seed quality.
Paper presented at National seminar on advances in seed
sciences and technol.

Sikder, H.P., 1988, Varietal differences in seed longevity
Int. Rice Res. Newsl.,13(4): . 21-22.

Silitonga, T.S., 1985, Natural outcrossing of cytoplasmic
male sterile line V 20A. Int. Rice Res. Newsl., 10(6):
8 - 9.

*Simon, V., 1958, Zurkimfahigkeit alter Ssmen. Acker und
Pflamen bau, 106: 101 - 118.

Singh, A.R., 1987, Physico-biochemical composition of
sorghum as influenced by seed size during storage. J.
Maharashtra Agric. Univ., 12(3): 294-297.




332

Singh, A.R.,1988, Storability of sorghum seed as influenced
by genotype and sced size. Seed Res., 16(2): 251-253.

Singh, M.R.K. and Sinha, 1987, Studies on hybrid seed
production techniques 1in rice. Seeds and Farms.,
13(7): 14-17.

Sircar, S.M. and Biswas, M., 1960, Viability and germination
inhibitor in rice seed. Nature., 187: 620-621.

Sivasubramanian, V., Ganapathy, S., Sundararaj, A.P., M.K.,
and Natarajan, N., 1989, Evaluation of some CMS and
maintainer lines in Tamilnadu. Int. Rice Res. Newsl.,
14: 14-18.

Sivaprakasam, K., Pillayarsamy, K., Jagannathan, R.,
Robinson, L. and Anovaradham, L., 1976, Preserving
viability of sorghum seeds with fungicides. Madras
agric. J., 63(3): 188-189.

Srinivasaiah, S.M., 1981, M.Sc. (Agri.) Thesis. Univ. Agric.
Sci., Bangalore.

Srinivasan, 1990, Varietal differences 1in rice ratoon
performance. Int. Rice Res. Newsl.,15(1): 11,

Styer, R.C., Cantliffe,D.J. and Hannah, L.C., 1980,
Differential seed and seedling vigour in Shrunken -2
compared to three other genotypes of corn at various
stages of development. J. Amer. Soc. Hort. Sci., 105:
329-331.

Subhskar, B.N., 1992, Studies on insect infesting stored
cereal seeds with special reference to lesser grain
borer Rhizopertha dominica (Fabricus) and its
management. M.Sc. (Agri.) Thesis. Univ. Agric. Sci.,
Bangalore. '

Sukprakaran, C., 1985, Pest problem and the use of pesticides
in grain storage in Thailand. ACIAR Proceedings Series.
Australian Centre for Int. Agri., Res.. 14: 31-35.




333

Sundararaj, N, Nagaraj, S., Venkataramu, H.N. and Jagannath,
N.K., 1972, Design and Analysis of Field bLxpuriment.
Pub. by. Univ, Agril. Sci., Bangalorc.

Sureshnath, 1981, Studies on planting ratlos and effect of
boron in seed production of CSH-5 sorghum (Sorghum
bicolor). M.Sc. (Agri.) Thesis Univ. Agric. Sci.,
Bangalore.

Szokolay, G., 1456, Ratooning of rice on tlie Swaziland
irrigation scheme. World Crops., 8(2): 71-73.

Taillebouis, J. and Guimaraes, E.P., 1986, Outcrossing
mechanisms and improving outcrossing rate in rice
(Oryza sativa L.). Paper presented at the Int. Symp. on
Hybrid Rice, Changsha, Hunan, China (6-10 october,
1986) .

*Takahashi, N,.,, Choi, K.S. and Sato, T., 1987, After effects
of parental exposure of temperature on seed germination

and seedling growth. J. Applied Seed Prod., 5: b1,
Japan.

Takahashi, K., Sato, K. and Wwada, K., 1972, Intenode
elongation in rice plant 4: Effect of GA3 at different
stages of growth on internode elongation. Proc. Crop.
Sci. Svuci. Jap., 41: 449-453.

*Takeda, K., 1972, Relationship between the seed weight and
the seedling growth in rice plant, 1 depending
completely on the materials in seeds. Bull Farm Agric.
Hirosaki Univ., 19: 10-21.

Takkar, P.N. and Randhwa, N.S., 1978, Micronutrients in
Indian Agriculture. Fert. News., 23(3): 26.

Tappel, A.L., 1973, Lipid peroxidation damage to cell
components. Fed. Proc., 32: 1870-1874.

Thiagarajan, C.P., 1990, Sources of variability in rice seed
guality. Int. Rice Res. Newsl.,15(1): 9.




334

Thiagarajan, C.P., Dharmalingam, C., Sivasubramanian, V., and
GChelliah, S., 1989, Provenance otfect on sced size 1in
rice varieties. Seeds and Farms, 15(4): 13.

Tomar, J.B. and Singh, M.P., 1986, Effects of temperature and
moisture content during storage on the seed viability
in rice. Indian J. agric. Sci., 56(11): 782-78Y.

Toole, E.H., 1950, Relation of seed processing and conditions
during storage on seed germination. Proc. ISTA., 16:
214-227.

Tripathi, A. and Laxman Singh, 1979, Location effects on
some seed quality parameters of early duration pigeon
peas. Technical Grain Legume Bulletin,15(21): 23-25.

Tseng, S.T. and Lin, C.I., 1962, Studies on the
physiological quality of pure rice seed. Proc.
ISTA. 27(2): 459-475.

Tufail Ahmedkhan, Veungopal, N., Chikkadevaiah and Seenappa,
K., 1990, Effect of secondary nutrients and boron on
some growth characters and yield in Sunflower.

J. Oilseeds Res., 7: 136-139.

U.A.S., 1989, Annual Report, Department of Seed Technology,
Univ. Agric. Sci., Bangalore.

U.A.S. 1989a, Package of Practices for high yield. Univ.
Agric. Sci., Bangalore. pp 1 - 12.

Umamaheshwar, B.C., 1983, Investigation on seed production
in rice-effect of production location and seed density
on the planting value. M.Sc. (Agri.) Thesis. Univ.
Agric. Sci., Bangalore.

vttam, J.R., Nigam, P.M., Singh, V.P., Aswathi, B.K. and
Verma, R.A., 1985, Relative resistance of Jpaddy
varieties to lesser grain borer. Bull. Grain Tech.,
23(3): 235-237.




335

Vanagmudi, K. and Karivaratharaju,T.vV., 1985, Seed quality
of CS 3541 Sorghum as influenced by provenance of
production ond of sowing. Madras agric. J., 72: 226-
227.

Vasudev, H.S., 1589, Studies on field performance with main
and ratoon crops of rice (Uryza sativa L.) with special
references to the seed quality. M.5c. (Agri.) Thesis
Univ. Agric. Sci., Bangalore..

Vasundhara, 1987, Studies on seed production in rice (Oryza .
sativa L.). M.Sc. (Agri). Thesis. Univ. Agric. Sci.,
Bangalore.

vVenkataramana, 1988, Further genetical analysis with
Karanataka male sterile lines in rice (Oryza sativa
L.). M.Sec. (Agri.). Thesis. Univ, Agric. Sci.,

Bangalore.

Venkata Reddy, Db.,M., Bommegowda, A. and Venkat Reddy, T.V.,
1990, Studies on flowering, maturity, sed yield, yield
and quality in soybean in two crop seasons. Proc. Int.
Conf. seed 6S5ci. Technol., March 12-15, 1990. Hangz,
Phu, China.

Venkateswarlu, B., Vergara,B.S. and Visporas, R.M., 1987,
Influence of Vegetative growth duration in grain,
yield. Int. Rice. Res. Newsl., 12(1):4-5.

Verma, O.P., Singh, R.K., Singh, P.V, and Verma, H.R., 1990,
Effect of storage period on yield and yileld
contributing characters 1in rice (Oryza sativa L.).
Abstr. Intl. Conf. Seed Sci and lechnol., 1551, New
Delhi, p 48.

vinod, K.K., Vivekanandan, P. and Subramanian, M., 1990,
Effect of cytoplasmic male sterility (CMS) on panicle
exsertion and sheath rot incidence in F1l rice hybrids.
Int. Rice Res. Newsl.,15(2): 5.

Virmani, $.S., 1986, Hybrid rice breeding. Paper presented
at FAO/DANIDA, Regional Seminar on Hybrid Seed
Production, Surabaya, Indonesia, 10-13.



3306

Virmani, S.S. and Athwal, D.S., 14973, Genetic variability in
floral characters intluencing outcrossing in Oryza
sutiva L. Crop bci., 13: b6-067.

Virmani, §.5., Choudhary, R.C. and Khush, G.S., 1481, Current
outlook on hybrid rice. Oryza, 18(2): b67-84.

Virmani, $.S. and Edwards, I1.B., 1983, current status and
future prospects for breeding hybrid rice and wheat.
Adv. Agron., 35: 145-214.

virmani, 5.5., Govindaraj, K., Casal, C., Dalmacis, R.D. and
Aurin, P.A., 1986, Current outlook on cytoplasmic
genetic male sterility and fertility restoration in
rice. 1ln: Rice Genetics. IRRl, Manila. Philippines, pp
633-647.

Virmani, S.S5., Khush, G.5., Balcalango, E.H. and Yang., R.C.,
1980a, Natural outcrossing on cytoplasmic male sterile
lines in rice under tropical conditions. Int. Rice Res.
Newsl.,b5: 5-b.

Vvirmani, §5.5., Khush, G.S. and Yang, R.C., 198Ub, Rice
cultivars possessing some desirable floral traits
influencing outcrossing. Int. Rice Res. Newsl.,b(4):4-5.

Virmani, S.S. and Tan, Z., 1982, Stigma receptivity of some
cytoplasmic male sterile lines of rice. Int. Rice Rgs.
Newsl.,7(6): 3.

*Volkova, N.P. and A.P. Smetanin, 1971, On ratooning
characters of rice cv. adapted to the Kuban region.
Byulleten Nacuchno-Tekhnicheskoi Informatsii,
Usesoyuzny, Nauchno.,Issedovatel, Skii Instgitut Risa.
3: 21-24. From Referativnyl Zhurnal , 55(3): 345.

*Votong, V., 1975, The effect of time of drainage and time of
rewatering on the yield of ratioon rice. M.S5. ‘lhesis.
Univ. Sydney, Australia.

-

vyas, S5.L. and Neme, Y.L., 1975, Influence of storing
Thiram treated sorghum on germination. Res. J., 9: 114-
117.



337
Webb, B.D., Bollich, C.N. and Scott, J.E., 1475, Comparative
milling, cooking and processing characteristics ot

first and ratoon crop rice. 1exas A and M Univ. Agric.
Agric., Res. Extension Unit, Beumont, USA: 1306-137.

Wweeraratna, 1954, Hybridization techniques in rice.Trop.
Agric., 110(4): 9Y3-97.

Xie Fangming, 1986, Performance of three new hybrid rices.
Int. Rice Res. Newsl.,12(3): 23.

Xiong, Hong, Fang wen and Tan Zhen, 1991, Effect ot number of
axillary buds and main crop cutting time on ratouon crop
yield. Int. Rice Res. Newsl.,17: 32,

Xu, Y.P, and Shen, Z.T., 1988, Receptivity of exserted
stigmas, Int. Rice Res. Newsl.,13(3): 7 - 8,

Xu Shijue and LiBihu., 1988, Managing hybrid rice seed
production. 1In: Hybrid Rice. Int. Rice Res., Inst.
Manila, Philippines. pp157-163.

Yak Shengqui, 1988, Techniques to get high yield in hybrid
rice seed production in China. In: Hybrid Rice, Int.
Rice. Res. Inst., Manila, Philippines. pp 273.

Yogeesha, H.S. 1991, Studies on adaptability of CMS lines,

fertility restoration, causes of male sterility and
hetorosis 1in rice (Oryza sativa L.) Ph.D. thesis
Univ. Agric. Sci., Bangalore.

Yogeesha, H.S. and Mahadevappa, M., 1987, Supplimentary

pollination and vegetative propagation of CMS lines of
rice. Seed Res.,15(1): 38-42.

Yuan, L.P., 1966, A preliminaty report on male sterility in
rice. Sci. Bull., 4: 32-34.

Yuan, L.P., 1985, A concise course in hybrid rice. Human
Science and Technology Publishing House, China.

Zia, M.S. Aslam, M. and M.l1., Rashid, 1987, Potassium
nutrition of rice. Int. Rice Res. Newsl.,12(5): 36.

*Original not seen



APPENDICES



APPENDIX 1
Actual weather date during the crop growth period recorded at

the Meteorological Observatory, MRS, Hebbal, Bengalore.

Rainfall Teamperature (°C) Relative Sunshine
Month/Year (mm) Maximum Minimum humidity hours
ax (%) per day

1989

July 182.2 28.0 19.9 96 91 5.5
August 47 .6 28.3 19.4 96 6€ 5.9
September 215.0 28.7 19,5 95 63 6.7
October 253,6 28.9 18.6 9¢ ., &6 6.0
November 90,0 27.1 16.0 94 51: 8.2
December 0.0 2645 16.1 96 54 8.1
1990

January 8.2 27.6 12.4 93 35 8.9
February 0.0 30.7 15.0 90. 38 10.2
March 2.6 32.7 20.1 82 36 9.6
April 8.8 34.9 22.3 82 34 9.4
May 67 .6 31.7 21.3 92 54 7.4
June 29.7 30,2 20.1 93 57 6.1
July 17.7 29.1 19.5 95 59 4.9
August 69 .4 27.7 19.7 95 68 4.2
September 72.7 31.3 19.9 90 56 6.9
Qctober 53.7 28.7 19.5 92 62 6.0
November 16.4 27 .1 17.4 94 57 644
December 5.0 26.7 15.6 95 51 8.3
1991

January 0,0 28.9 15.7 95 42 9.3
February 6.0 30.7 15.5 89 34 10.2
March 6.0 33.3 19.9 .79 29 10.0
April 6,0 32.6 21.4 84 38 9.0
May 9.0 34.1 21.8 83 42 9.2
June 9.0 29.2 21.0 91 67 4.7
July 47,7 28.1 19,8 90 64 3.8
1992

January 0,0 26.4 12.1 92 38 8.4
February 0.0 30,3 16.4 91 43 8.9
March 0.0 33.2 i4.1 80 25 10.0
April 2.8 34.0 19.9 81 32 19.4
May 142.9 33.2 21.1 85 45 8.1
June 154.8 .29.6 20.3 81 61 5.8
July 118.7 28.3 19.2 91 63 4.7




APPENDIX 11

Gg?graphycal distribution, annual rainfall § soil lype of ditferent experimental
sites

Annual
Site Zune Soil type Alféiéde Latitude Longitude raintall
(mm}
Hebbal  Eastern dry Sandy clay loam 849 13°N  77°-57kE 830.U
slightly acidic
Mandya  Southern Sandy clay loam 764 12.5°N 76°49" 763.0
dry 30" B
Honnavile Transi- Sandy clay loam 600 13°53"' 75°40! 800.0
(shimoga] tional to clay loam J0"N

Mudigere Hilly Sandy clay locam 800 - 900  13°17'N 76°21E 2461.0




APPENDIX [11

Mean monthly meteorological data of differnt locations (Hebbal,
Mandya, Honnavile and Mudigere) during the crop growth period.

Temperature (°C) Relative Rainfall Sunshine
Moth / Year S~

Maximum Minimum hux;\;(;ity (mm) (haurs)
HEBBAL
June 1989 30.3 20.0 93.57 51.5 6+6
July 28.0 19.9 96.71 182.2 5.5
August 28.3 19.4 96.66 47.1 5,9
Sep tenber 28.7 19.5 95 .63 215.6 6.7
October 28.9 18.6 95.55 253.6 6.0
November 27.1 16.0 94,51 9.0 8.2
Decamnber 26.5 16,1 96.54 0.0 8.2
January 1990 27.6 12.4 93.35 8.2 8.9
February 30.7 15.0 90.38 0.0 10,2
March 32.7 20.1 82.36 2,6 9.6
April 34,9 22,3 82.34 68,8 9.4
May 31.7 21.3 90.54 67.6 74
June 30.2 20.1 93.57 29.7 6.1
MANDYA
June 1989 2.5 19.1 91, 31.9 9,7
July 283 19.5 88,00 190,9 7.6
August 28,1 20,1 87.00 29.2 8.0
Sep tember 29.8 18.9 88,00 88.8 7.9
October 30.0 19.3 88.00 17640 7.9
November 29.0 18.0 85,00 12,4 9.7
December 28.1 15.1 84.00 1,0 9.1
January 1990 2847 15.4 83.00 1.8 10.1
February 31,2 14.5 86.00 - 9.9
March 32.30 19.1 84.00 8,6 10.3
April 34,3 21,5 80.00 3.6 9.5
May 31.3 19.8 87 .00 110.8 8.6
June 23.0 19,5 86.00 - 6.10
HONNAVILE
June 1989 29.7 21.5 69.00 80.6 NR
July 26.0 22.4 82.00 231.5 NR
August 2541 21.9 86,00 141,9 NR
Sep tember 2743 22.0 76.00 26.6 NR
October 26.8 21.7 76.00 18.2 NR
November 25.7 21.5 76,00 40.3 NR
December 2649 22.4 78.00 - NR
January 1990 33.8 17,1 60.00 - NR
February 31.3 17,2 63,00 - NR
March 34.0 18.6 66,00 - NR
April 32,6 23.7 84.00 - NR
May 35,46 21.2 88.00 - NR
MUD IGERE
June 1989 23.9 1841 88.00 339.4
July 23.0 18.0 91.00 638.8
August 23.0 17.7 90.00 259.0
Sep tember 24.8 17.7 84.00 118.8
October 27.4 . 17.1 81.00 308.6
November 27.9 16.5 67.00 11.0
December 27.4 14.6 69.00 33.0
January 1990 29.0 13.0 60.00 19.2
February 30.2 13.6 63.00 -
March 31.7 15.4 65.00 . -
April 33.2 18.3° 67.00 -46.0

May 28,9 18.7 79.0 165.4




APPENDIX IV

Mean temperature (°C) and relative humidity (%) recorded at
Laboratoy, Seed Technology Department, University of
Agricultural Sciences, GKVK, Bangalore from January 1990 to
July 1991

1990 1991
Temperature °C Relative Temperature °C Relative
humidity humidity
January 22.5 36 24.5 46
February 23.8 35 26.2 38
March 25.3 34 29.5 33
April 27.8 36 . 28.5 42
May 25.7 48 25.5 45
June 25.8 54 24.5 56
July 25.3 55 23.3 52
Augpust 25.0 62
September 25.9 54
October 25.0 54
November 23.8 56
December 21.3 49
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